


Responding to the need for a timely and authoritative volume dedicated to this burgeoning and expansive area 
of research, this handbook will provide readers with a map of themes, topics, and arguments in the field of 
engineering ethics education (EEE).

Featuring critical discussion, research collaboration, and a team of international contributors of globally 
recognized standing, this volume comprises six key sections which elaborate on the foundations of EEE, 
teaching methods, accreditation and assessment, and interdisciplinary contributions. Over 100 researchers of 
EEE from around the globe consider the field from the perspectives of teaching, research, philosophy, and 
administration. The chapters cover fast-moving topics central to our current understanding of the world such 
as the general data protection regulation (GDPR), artificial intelligence (AI), biotechnology, and ChatGPT; 
and they offer new insights into best practices research to equip program leaders and instructors delivering 
ethics content to students.

This Open Access volume will be of interest to researchers, scholars, postgraduate students, and faculty 
involved with engineering education, engineering ethics, and philosophy of education. Curriculum designers, 
staff developers teaching pedagogical courses to faculty, and engineering professionals may also benefit from 
this volume.

Shannon Chance is Lecturer and Program Chair at Technological University Dublin, Ireland; Honorary 
Professor at University College London, UK; Deputy Editor of the European Journal of Engineering 
Education (EJEE); Registered Architect; and former Professor of Architecture at Hampton University, USA.

Tom Børsen is Associate Professor in Techno-Anthropology, Department of Sustainability and Planning, 
Aalborg University, Denmark, and a member of the research group in Techno-Anthropology and Participation 
(TAPAR) as well as of the board of the think tank Techno-Ethics.

Diana Adela Martin is a Senior Researcher with the Centre for Engineering Education, University College 
London, UK, holding a doctorate in engineering ethics education from Technological University Dublin (TU 
Dublin) in Ireland.

Roland Tormey is a sociologist and a Senior Scientist in EPFL (Swiss Federal Institute of Technology), 
Switzerland, where he leads the Teaching Support Centre.

Thomas Taro Lennerfors is Professor and Head of the Division of Industrial Engineering and Management, 
Uppsala University, Sweden.

Gunter Bombaerts is Assistant Professor in Philosophy and Ethics, Industrial Engineering and Innovation 
Sciences, Eindhoven University of Technology, the Netherlands.

THE ROUTLEDGE INTERNATIONAL 
HANDBOOK OF ENGINEERING ETHICS 

EDUCATION



Routledge International Handbooks of Education

The Routledge International Handbook of Student-centred Learning and Teaching in Higher 
Education
Edited by Sabine Hoidn and Manja Klemenčič

The Routledge Handbook of English Language Education in Bangladesh
Edited by Shaila Sultana, M. Moninoor Roshid, Md. Zulfeqar Haider, Mia Md. Naushaad Kabir 
and Mahmud Hasan khan

The Routledge Handbook of Language Learning and Teaching Beyond the Classroom
Edited by Hayo Reinders, Chun Lai and Pia Sundqvist

The Routledge Handbook of Dyslexia in Education
Edited by Gad Elbeheri and Siang Lee

The Routledge Handbook of International Social Work 
Edited by Stephen Webb

The Routledge International Handbook of Critical Autism Studies 
Edited by Damian Milton and Sara Ryan

The Routledge International Handbook of Work-Integrated Learning
Edited by Karsten E. Zegwaard and T. Judene Pretti

The Routledge International Handbook of Gender Beliefs, Stereotype Threat, and Teacher 
Expectations
Edited by Penelope W. St J. Watson, Christine M. Rubie-Davies and Bernhard Ertl

The Routledge International Handbook of Equity and Inclusion in Education 
Edited by Paul Downes, Guofang Li, Lore van Praag and Stephen Lamb

The Routledge International Handbook of Life and Values Education in Asia 
Edited by John Chi-Kin Lee and Kerry J. Kennedy

The Routledge International Handbook of Engineering Ethics Education
Edited by Shannon Chance, Tom Børsen, Diana Adela Martin, Roland Tormey, Thomas Taro 
Lennerfors and Gunter Bombaerts

For more information about this series, please visit: https://www .routledge .com /Routledge -International -Handbooks -of 
-Education /book -series /HBKSOFED

https://www.routledge.com/Routledge-International-Handbooks-of-Education/book-series/HBKSOFED
https://www.routledge.com/Routledge-International-Handbooks-of-Education/book-series/HBKSOFED


THE ROUTLEDGE 
INTERNATIONAL HANDBOOK 

OF ENGINEERING ETHICS 
EDUCATION

Edited by Shannon Chance and Tom Børsen
Diana Adela Martin, Roland Tormey, Thomas Taro Lennerfors  

and Gunter Bombaerts



Designed cover image: Westend61 / Getty Images

First published 2025
by Routledge

4 Park Square, Milton Park, Abingdon, Oxon OX14 4RN

and by Routledge
605 Third Avenue, New York, NY 10158

Routledge is an imprint of the Taylor & Francis Group, an informa business

© 2025 selection and editorial matter, Shannon Chance, Tom Børsen, Diana 
Adela Martin, Roland Tormey, Thomas Taro Lennerfors and Gunter Bombaerts; 

individual chapters, the contributors

The right of Shannon Chance, Tom Børsen, Diana Adela Martin, Roland Tormey, 
Thomas Taro Lennerfors and Gunter Bombaerts to be identified as the authors of 
the editorial material, and of the authors for their individual chapters, has been 
asserted in accordance with sections 77 and 78 of the Copyright, Designs and 

Patents Act 1988.

The Open Access version of this book, available at www .taylorfrancis .com, 
 has been made available under a Creative Commons Attribution-Non 

Commercial-No Derivatives (CC-BY-NC-ND) 4.0 license.

Any third party material in this book is not included in the OA Creative 
Commons license, unless indicated otherwise in a credit line to the material. 

Please direct any permissions enquiries to the original rightsholder.

Trademark notice: Product or corporate names may be trademarks or registered 
trademarks, and are used only for identification and explanation without intent 

to infringe.

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
Names: Chance, Shannon, editor. 

Title: The Routledge international handbook of engineering ethics education / 
edited by Shannon Chance & Tom Børson, Diana Martin, Roland Tormey, 

Thomas Taro Lennerfors, and Gunter Bombaerts. 
Description: Abingdon, Oxon; New York, NY: Routledge, 2025. | 
Series: Routledge international handbooks of education | Includes 

bibliographical references and index. | Identifiers: LCCN 2024029306 (print) | 
LCCN 2024029307 (ebook) | ISBN 

9781032678528 (hardback) | ISBN 9781032734491 (paperback) | 
ISBN 9781003464259 (ebook) 

Subjects: LCSH: Engineering ethics–Study and teaching. 
Classification: LCC TA157 .R67 2025 (print) | LCC TA157 (ebook) | 

DDC 620.0071–dc23/eng/20241016 
LC record available at https://lccn.loc.gov/2024029306

LC ebook record available at https://lccn.loc.gov/2024029307

ISBN: 978-1-032-67852-8 (hbk)
ISBN: 978-1-032-73449-1 (pbk)
ISBN: 978-1-003-46425-9 (ebk)

DOI: 10.4324/9781003464259

Typeset in Times New Roman
by Deanta Global Publishing Services, Chennai, India

http://www.taylorfrancis.com
https://lccn.loc.gov/2024029306
https://lccn.loc.gov/2024029307
http://dx.doi.org/10.4324/9781003464259


Our engineering ethics education community dedicates this handbook to 
the memory of our esteemed colleague, Kenichi Natsume, Professor of 
Science and Technology Studies at the Kanazawa Institute of Technology. 
A leading voice in engineering ethics in Japan and an influential con-
tributor globally, Kenichi enriched our field with profound insights into 
the ethical dimensions of science, technology, and engineering. His work, 
including his 2021 book, Japan’s Engineering Ethics and Western Culture, 
reflects his unique perspective on how societal, political, and ideological 
forces shape ethical frameworks. His kindness, dedication, and wisdom 
will continue to inspire our community.

As we carry Kenichi’s spirit forward, we also dedicate this handbook 
to all engineering educators committed to integrating ethics into their 
teaching, to students and engineers striving to act ethically, to those who 
pioneered engineering ethics education, and to the researchers advanc-
ing this crucial field. The editorial team extends heartfelt thanks to all 
contributors to this ambitious project for embracing our highly collabo-
rative approach and to our families for their love and support, including 
Kenichi’s wife, Misaki, and son, Yoshiaki.

Shannon Chance and Tom Børsen, the co-lead editors, hope this volume 
(Chance, Børsen, et al., 2025) will prove helpful to our growing global 
community.
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Introduction

Bringing together and editing a handbook feels like a humbling task. The term ‘handbook’ typi-
cally refers to a reference book, a source to which one can turn to find the fundamental information 
needed to complete a professional task. Many engineers will be familiar with classic handbooks 
like Perry’s (1950) Chemical Engineers’ Handbook or Marks’ Standard Handbook for Mechanical 
Engineers (Marks, 1978). Academic handbooks such as Routledge’s International Handbook of 
Engineering Education Research are a little different in style, but they still convey the sense that 
they are a point of reference, the first place to go if one wants to understand a field. Implicitly, they 
convey that we know what the professional tasks are in a field and we know the fundamental infor-
mation needed to complete them. Writing and editing a handbook would undoubtedly be more 
straightforward in a context in which the field in question was mature, the professional tasks well 
defined, and the required information readily identifiable. What made our editorial task daunting 
was that this did not feel, to us, to be the case with engineering ethics education (EEE).

We knew there were quite a few excellent engineering ethics textbooks (e.g. van de Poel & 
Royakkers, 2023; Fledderman, 2014; Lennerfors, 2019) that could serve as an introduction to 
engineering ethics for students and which could implicitly provide a course structure and peda-
gogical approach for new engineering ethics teachers. Yet, when we dug a little beneath these text-
books, we found differences in perspectives regarding the content to be taught, who should deliver 
it, optimal teaching methods, effective assessment strategies, and the subsequent actions based on 
assessment results. Alongside these differences, we saw unrecognized similarities: authors work-
ing on the same themes and ideas but from different disciplinary perspectives and without substan-
tial interaction with each other. Our task, then, felt less like we were describing a clearly defined 
terrain and more like we were mapping a previously unmapped space, one in which many people 
had been working, often in collaboration with each other and sometimes in splendid isolation from 
those who were (intellectually) nearby to them. Our hope with this handbook was to create a map 
of EEE that would allow others – teachers of engineering ethics, engineering ethics education 
researchers, and especially graduate students who are new to the research area – to find their way 
more easily in the EEE terrain, to recognize the pathways that connect ideas and positions and the 
topography that separates them, and to allow them to better understand the range of perspectives 
and approaches that make up the terrain of engineering ethics education. Yet we were also con-
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scious that we were mapping quite a diverse space, which was home to people who spoke different 
languages, had different epistemologies and different disciplinary methods, cared about different 
things, and lived in different places. In mapping the space of engineering ethics education to make 
it more navigable, we wanted to respect the positions of those within the space. All this fostered 
our sense that framing such a handbook was a profoundly humbling task.

In the pages that follow, we will explain something about our process in doing this, in the hope 
that our decisions make sense to those who bring engineering ethics education into being and to 
those who will use this handbook to do so in the future.

Identifying the ‘space’ of engineering ethics education

In thinking about the content of a handbook to map the space of engineering ethics education, we 
needed to think about what that space is. One way to reflect on the space between engineering, 
ethics, and education is to imagine a Venn diagram with three sets, partly overlapping, represent-
ing engineering, ethics, and education respectively. The space of EEE emerges as the common 
space expanded by the three sets. Thus, this handbook provides a rich overview of the common 
space between engineering, ethics, and education, and we will, in the following text, begin our 
reflections within ‘engineering’ and see where that leads us in terms of filling in the space of EEE.

Engineering

We are, first and foremost, educating future engineers. Engineering must be central to our discus-
sion of ethics education – engineering and its various subfields, or disciplines, help set crucial 
boundaries and focal points for investigating ethics – engineering ethics – and how to teach and 
learn it. The first two sections of this handbook provide perspectives from disciplines outside 
engineering, seeking to explain how foundational ethics concepts and perspectives from other 
disciplines tie to engineering education. The third section, ‘Ethical issues in different engineering 
disciplines,’ provides a glimpse of the many ways that ethics is applied, considered, and practiced 
in the various subfields/disciplines of engineering.

Specifically, the third section discusses what content should be included in ethical teaching in 
five different engineering disciplines: civil engineering, mechanical and aerospace engineering, 
electrical and electronic engineering, chemical engineering, and software engineering (Chapters 
14–18). The section concludes that the content of EEE needs to overlap with, or in other ways 
relate to, the engineering discipline in which engineering ethics is taught. If there is no connec-
tivity between the ethical content and the engineering content surrounding it, students who are 
developing an engineer’s identity will be unable to find meaning in the ethical issues taught and 
may thus reject ethical content as irrelevant and without meaning (Lönngren, 2021). Relating 
engineering ethics to particular engineering disciplines can be achieved in different ways. It can 
be done by including ethical questions within the list of questions asked in conventional engi-
neering exercises of a technical character. The idea here is that ethical questions be asked side-
by-side with technical questions. When a material’s properties are discussed, ethical questions 
regarding its origin, the environmental costs for obtaining it, its health features, and such can 
be probed – opening up the discussion for ethical deliberation and reflection. Section 3 identi-
fies several issues that can be related to specific technical content of engineering disciplines. 
Ethics teaching can depart from and be related to the ethical codes within specific engineering 
disciplines. It can present the unexpected and broader socio-techno-ecological implications of 
concrete historical engineering solutions, including the implications for employees, users, the 
environment, and public health. It can also discuss actual use, including potential military appli-
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cations in engineering. It can discuss how engineering solutions relate to colonial structures and 
whether they promote diversity, equity, and inclusion. The crucial point is that ethical issues 
discussed in engineering ethics classes must be related to and exemplified with illustrations from 
the specific engineering discipline. Case studies, role plays, and exercises need to reflect specific 
disciplinary activities, issues, and dilemmas.

Section 4 (comprising Chapters 19–25) expands on different teaching approaches in EEE. 
Some of these overlap with teaching approaches used in other parts of engineering education, for 
example, project work, extra-curricular activities, internships, or design activities. When there are 
overlaps in the teaching approaches between engineering ethics education and engineering educa-
tion in general, it is not difficult to add ethical questions or integrate examples of ethical issues 
in relation to, for example, humanitarian engineering or engineering project work, or to include 
an extra-curricular guest lecture from industry in which they speak about their ethical challenges. 
Engineering design is one area where this handbook includes many ethical tools to incorporate into 
the design process: value-sensitive design, participatory design, and empathic design, to mention 
just a few.

An important point is that engineering students have typically not come to study to become 
mini-philosophers, or to earn a bachelor’s or minor in philosophy, sociology, or anthropology. 
Rather, the ethical content will often engage them most when it represents an integral part of their 
engineering discipline. Proximity of engineering and ethics in engineering education is key. Ethics 
is integral to engineering education and engineering practices because engineers co-create society, 
the constructed environment, and reality. When engineering ethics course planners and teachers 
incorporate content from specific engineering disciplines and practices, it facilitates students’ inte-
gration of engineering and ethics concepts.

Several chapters across this book assert that EEE must include thick descriptions of the spe-
cific psychological, social, cultural, and organizational context in which engineering is conducted. 
Thus, engineering ethics needs to be linked to specific engineering disciplines and also to the non-
technical spaces surrounding engineering work and decisions. Different disciplines from the social 
sciences and the humanities can contribute meaningful insights into the non-technical content 
that is key to engineering ethics. One can ask why engineering ethics is not called something else 
since it is not only engineering and ethics content that is important to teach engineering students. 
‘Responsible engineering’ might be another way to label the type of content we are proposing: 
engineers must be taught to take responsibility for the implications of their work. Yet, responsi-
bility requires knowledge of implications as well as possibilities to act (see, e.g., Doorn and Van 
de Poel (2011) for an exploration of the issues involved in engineering responsibility, as well as 
Chapter 11 in this handbook). Thus, knowledge of the concrete circumstances – including power 
relations (Foucault, 2001), legislation, organizational structures, and psychological factors – is 
imperative to include as content in engineering ethics education.

Ethics

One of the contributions to the content of EEE highlighted in the first section of this handbook, 
‘Foundations of engineering ethics education,’ involves ethical and normative frameworks. This 
section (comprising Chapters 1–7) overviews a selection of normative frameworks that can help 
underpin ethical reflections, assessments, and decision-making in and beyond the classroom and 
into engineering practice. The existence of normative frameworks in ethics provides criteria for 
individuals to reflect upon what is right and wrong in a given situation. A central point in this 
handbook is that there is not only one (or even a few) normative framework(s); there are many, and 
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they originate from different traditions. Some are rooted in engineering, such as the many ethical 
codes of conduct provided by engineering societies around the globe. Some are rooted in Western 
philosophy, for example, virtue ethics, consequentialism, deontology, contractualism, discourse 
ethics, and the ethics of care. Others are rooted in sustainability science, for example, circular 
and ecological economy, deep ecology, land and material ethics, future ethics, precaution, energy 
justice, energy democracy, and sustainability. Ethical frameworks are not necessarily occiden-
tal. Many normative frameworks originate from non-Western knowledge systems/traditions, such 
as Ubuntu from sub-Saharan Africa, Buen Vivir from indigenous Latin America, Confucianism 
from China, and Buddhism from different Asian countries. Normative frameworks are referred 
to in ethical and political discussions of engineering and technological innovation and serve as 
assessment criteria for what counts as ‘good’ engineering or technological solutions. Many people 
involved in the construction of this handbook seek to identify and cultivate rich, multi-dimensional 
understandings of these other traditions, particularly in light of the rapidly standardizing nature of 
engineering processes, products, and education systems – a standardization process hastened by 
capitalist production systems and by engineering accreditation processes. Accreditation of engi-
neering education is the focus of Section 6 of this handbook; benefits and drawbacks of the system 
are discussed and critiques and criticisms raised.

A central assumption underpinning most contributions in this handbook is that applying nor-
mative frameworks is not an individual or solitary endeavor. Normative frameworks operate in or 
underpin the socio-techno-ecological configurations in which engineering students and engineers 
are located. Even when they are not openly discussed or reflected upon, they influence backstage 
or behind-the-scenes decisions, conventions, habits, practices, and engineering solutions. Thus, an 
argument put forward in this handbook is that EEE must address a broad palette of ethical frame-
works so that engineering students, as future engineers, become acquainted with some existing 
normative frameworks and a broad section of engineering processes, practices, and solutions for 
enacting these frameworks. The frameworks can additionally inform and qualify individual and 
collective ethical decision-making.

The handbook’s chapters reveal a lack of consensus within the EEE community regarding 
the status of these normative frameworks: Are they universal, objective truths? Do people con-
struct them? Or are they somehow in between? Engineering education provides fertile in-between 
ground, given that some phenomena (like gravity, heat transfer, or solubility) are taken as given/
objective/fact, whereas other phenomena are more readily recognized as being socially constructed 
(e.g., design briefs and quality standards).

An additional point where consensus is lacking regards whether insights from different nor-
mative frameworks can be combined or whether one must adhere to just one framework at a 
time in ethical work. In some cases, ways of weighing alternative solutions within one normative 
framework cannot be mixed with the rationale underpinning a different framework because the 
basic assumptions are at odds. These discussions emerge in various chapters of the first section; 
the argument is latent in many chapters and explicit in Chapter 2 on ethical theories and Chapter 
8 on philosophical contributions. Moreover, the plurality is manifested in Chapter 7 on the ethics 
of artificial intelligence (AI) and appears explicitly in the editor’s introduction to the first section 
of the handbook.

Education

Another way of thinking about the space of EEE is to ask what is or should be distinctive in 
the knowledge of those who teach engineering ethics. Throughout the twentieth century, schol-
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ars sought to identify what makes expert teachers so good at teaching. Essentially, two different 
approaches emerged (Darling-Hammond, 2006). The dominant tradition followed a (more or less) 
behaviorist path in seeking to identify the observable teaching behaviors that were associated with 
increases in student knowledge. Once these approaches were identified, they could be simplified, 
codified, built into curricula, and issued as guidance or imposed as requirements for new teach-
ers entering the field. This approach to improving teaching owed much to engineering modes of 
thought and was closely allied with the emerging ‘scientific management’ approach pioneered by 
the mechanical engineer F. W. Taylor (Au, 2011). It fed through the efforts to describe ‘learning 
outcomes’ (rather than learning experiences) that emerged in psychology in the 1950s and 1960s, 
and it remains influential today via accreditation approaches and via the Bologna reforms across 
the European Higher Education region (see Gleeson, 2013; the framing of engineering curricula in 
terms of ‘learning outcomes’ is a theme that emerges in the sections on assessment and accredita-
tion in this handbook).

A second, less dominant, tradition followed the work of John Dewey (1929), who tried to 
identify the (less observable) knowledge of methods, learners, and subject discipline that would 
empower teachers to make more flexible and adaptive decisions to respond to the different and 
changing needs of students. Dewey’s focus on the knowledge base of flexible, adaptive educators 
came back into focus in the early part of the twenty-first century via the work of Linda Darling-
Hammond (2006). Like Dewey, Darling-Hammond sought to map the knowledge base of the 
expert teacher, this time informed by a further 80 years of teaching practices and educational 
research. The features she identified were:

• Understanding the subject(s) being taught
• Understanding learners and learning
• Understanding teaching

Regarding understanding the subject(s) being taught, Darling-Hammond (2006) described effec-
tive educators as those who recognize that the same teaching techniques cannot simply be trans-
ported from one subject or discipline to another. In engineering ethics education, this would imply 
that – because the epistemologies, the modes of inquiry, and the central concepts of engineering 
ethics education are different from those that apply in, for example, mathematics or physics – 
engineering ethics education may well need to take a different format from those of other sub-
jects being studied by engineering students. To be able to flexibly choose appropriate pedagogies, 
educators need to understand the epistemologies, ways of working, and core ideas of engineering 
ethics education. This, in turn, implies needing to clarify what these things are. Given the frag-
mentation and disciplinary diversity we have already identified as underpinning engineering ethics 
education, mapping the space of the subject(s) being taught has required an inclusive approach 
from us as editors (this is reflected in Sections 1 and 2 of this handbook). Since most students come 
to our engineering ethics classes with the intention of being engineers and not ethicists, under-
standing the specific disciplinary epistemologies of engineering disciplines (including mechanical, 
electrical, computer, environmental, or biomedical) is also important in making good decisions 
about what it means to teach engineering ethics within that discipline (this is reflected in Section 
4 of this handbook).

Related to understanding learners and learning, not every technical expert grasps social 
dimensions well. The phenomenon of extremely gifted academics who are unable to effectively 
teach is perhaps so well-known as to hardly require elaboration. For Darling-Hammond (2006), 
the key issue is that it is not enough to be an expert in a subject domain; one also needs to under-



Roland Tormey et al. 

6

stand the learners who must learn and the social and psychological processes through which 
they learn. Learners come to any ethics class with a store of prior knowledge and experiences, 
which effective teachers understand. These teachers also understand how to leverage and ques-
tion students’ prior knowledge in order to help them learn. Understanding our learners – in their 
rich diversity – is therefore central to the knowledge base of an effective educator. Our learners 
differ not only in their backgrounds but also in the identities and senses of self that they are in the 
process of constructing during their time in engineering education. These diverse learners build 
competence through cognitive, emotional, and embodied processes – and knowledge of these 
processes informs the pedagogies that are chosen in engineering ethics education. Learners also 
build their competencies in social contexts, in interaction with each other and with their teach-
ers. This, too, influences the design and choice of teaching approaches of effective teachers. This 
focus on learning and learners shaped our editorial team’s decisions regarding what to include in 
this handbook. Traditional engineering ethics textbooks would not usually dwell on the psychol-
ogy of moral development (Chapter 10 within Section 2 and Chapter 28 within Section 5) or on 
the curriculum and accreditation models for engineering programs (Section 6). The relationship 
between emotion and rationality in ethics and in ethics learning is also a theme that is not widely 
considered in other texts but is included here (in Sections 1 and 2, particularly Chapter 4). This 
book reaches beyond the technical aspects of engineering, drawing from all these domains and 
more, because they all make important contributions to the expertise of engineering ethics educa-
tors.

Understanding teaching, the third component of Darling-Hammond’s (2006) framework, cor-
responds to Dewey’s focus on ‘methods’: the good teacher brings together knowledge of their 
subject and knowledge of learners and learning to incorporate diverse teaching strategies appropri-
ate to both the content and the learners. In engineering ethics education, this is reflected in the use 
of a range of different teaching strategies, including case studies, art-based methods, reflection, 
role play, and challenge- and project-based learning, among other methods (covered in Section 
3). Teaching also involves assessment, and crucial aspects include understanding how to evalu-
ate whether or not students have developed the capabilities that were intended (Section 5). Our 
attention encompasses not only how teachers create assessments for their classes but also their 
utilization of research-based tools. These tools aid teachers and educational researchers in com-
prehending the impact of their work and how it might be further developed, as discussed within 
this handbook.

The three sets – engineering, ethics, and education – provide a framework for thinking about 
the choices the editorial team made in deciding what would go into a comprehensive handbook for 
engineering ethics educators and researchers.

The ‘mapping’ metaphor

The three-component description of engineering ethics education that we have used here is a 
useful narrative device for describing part of what is distinctive about this handbook and what 
distinguishes it from other excellent books and resources that exist. It is, however, a post-hoc 
rationalization; we did not start this project with the framework outlined above in mind. Earlier 
in this introduction, we described our approach as being to ‘map a previously unmapped space,’ 
and it provides a valuable way of thinking about what we intended to do when our team decided 
in consultation with publishers – to provide as comprehensive coverage of the overall terrain of 
engineering ethics education as possible. Extending the metaphor also allows us to think about 
some dimensions of the work that were important to us.
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Mapping as a change in perspective

Because so many of us use maps so often, it is easy to forget that mapping requires the capac-
ity to visualize a space from what seems to be an entirely unnatural angle. While we look at the 
world around us, we see it in a horizontal plane, but mapping requires shifting one’s perspective 
to imagine how that world looks from above. In our world of airplane travel and satellite images, 
this is perhaps not such a shocking change in perspective, but the earliest known maps may date 
back some 27,000 years (Wolodtschenko & Forner, 2007). It is worth reflecting on what an effort 
it must have taken to wrench one’s perspective free from the world as it was experienced and to 
imagine how it looked from above. Looking at maps even today can be a disorienting experience, 
with roads that feel parallel in experienced reality being seen to diverge in plan, while regularly 
traveled routes that feel short can be seen to be longer than less familiar ones.

Mapping the terrain of engineering ethics education requires a similar change in perspective. 
Those working in the field experience it through their interactions within the field, yet, in cultivat-
ing this handbook, we needed to present a view of the field that may feel unfamiliar to some of 
those who live and work in it. At the same time, we wanted to respect the different perspectives 
of those who ‘live the world into being.’ For this reason, we built on an emerging practice in 
engineering education to include positionality statements (see, e.g., Gani & Khan, 2024, Hampton 
et al., 2021; Secules et al., 2021). Since this is an emerging practice, it was not always easy for 
authors to know how to describe their position and perspective in engineering ethics education. 
Our hope is that this approach provides an appropriate counterpoint of ‘horizontal’ and ‘vertical’ 
views of the field and that readers will perceive the utility of seeing the field from these different 
perspectives.

Mapping as a colonial process

For much of the world, the process of ‘being mapped’ was intrinsically linked to colonial-
ism; as Richard Phillips has written, “Imperialism went hand-in-hand with mapping, by which 
Europeans imaginatively and materially possessed much of the rest of the world” (1996, p. 6; see 
also Anderson, 1991; Gauba, 2002). Maps often served an administrative or military purpose, 
allowing colonial rulers to more efficiently manage populations, extract resources, and move 
troops. Imperial and colonial maps also shaped the way in which colonized people lived in their 
world: as the play Translations by Brian Friel (1981) explored, for example, Ordnance Surveyors 
anglicized and changed place names in ‘their’ colonies as they mapped and, in doing so, assigned 
places new names – often stripped of their original meaning – that are still used long after inde-
pendence.

For those who, like us, want to engage in even a metaphorical mapping project, this is an impor-
tant reminder. Given Europe’s colonial past and postcolonial present, this reminder is perhaps 
even more crucial for a project like this handbook, which emerged from the European Society for 
Engineering Education (SEFI). We were acutely aware of the risk of a colonial or postcolonial 
gaze in mapping the space of engineering ethics education. Our request to all authors to include a 
positionality statement was one response to this danger. Another was that we tried to be as open 
and inclusive as possible in the perspectives and voices that contribute to this handbook. A third 
way in which we sought to acknowledge this risk was by asking authors to go beyond the hegem-
onic (Western and masculine) moral theories of consequentialism, deontology, and virtue ethics 
and to engage with a broader set of ethical theories that were also representative of voices previ-
ously excluded from the mainstream of engineering ethics education.
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Mapping as an unfinishable process

The first attempt at modern mapping of a country is thought to be the Cassini maps of the Kingdom 
of France, which were developed in the period between the 1740s and the 1780s. It is perhaps 
interesting to note that, having spent 40 years involved in the project, Cassini died before his map-
ping work was completed (Brotton, 2013). Even if his work had been completed before his death, 
by the time it was finished, the world would certainly have changed, and his maps, once finished, 
would immediately have required revision.

Much changed even during the time we were working on editing this handbook. This project 
began in the spring of 2021, when travel was still restricted due to the Coronavirus pandemic 
and COVID vaccines were being distributed (and hoarded) in Western countries. The pandemic 
raised huge ethical questions for engineers regarding, for instance, the way the virus originated 
via humans’ interaction with the natural world; about the way transport technology facilitated 
its spread; about the surveillance, monitoring, and privacy of individuals and populations as the 
spread of the virus was being checked; about the risks involved in rapidly developing vaccines; 
and about the ethics of nudging populations towards vaccination. As we were working on this 
book, the release of ChatGPT in November 2022 seemed a seismic moment in how people and 
technology interact. It also raised big ethical engineering questions about who owned the data on 
which it was trained, whether or not the privacy of those interacting with it was being protected, 
the welfare of those involved in checking toxic content, and the risks of the algorithm producing 
convincing but false information (see Chapter 7 on AI and Chapter 18 on software engineering).

It is not only the world that is changing; educational research also continues to give new insights 
into how people learn to be ethical. In the years this book was under development, we saw a notable 
growth in focus on de-colonizing engineering education (Cruz, 2021; Seniuk Cicek et al., 2023); 
on emotion in engineering education (Lönngren et al., 2021, 2023); on arts-based and drama-based 
methods in engineering ethics classes (e.g., Martin et al., 2019; Hitt & Lennerfors, 2022); and on 
challenge- and problem-based learning in engineering ethics education (e.g., Bombaerts et al., 
2021; Sukackė et al., 2023), for example.

Because technology and educational science are both changing, what we know about engineer-
ing ethics education is changing, too. And so, any attempt to map the space of engineering ethics 
education will only ever represent a snapshot of that territory at a given moment in time.

Our team sees mapping as an unending process and this handbook as a map of sorts. It is 
important to remember that ‘the map is not the territory.’ We render a territory – in this case, the 
territory of engineering ethics education – on a smaller scale. The process of transposing the ter-
ritory as a map does not produce a 1:1 rendition of the territory but rather an interpretation that 
highlights only some features. This recognition emphasizes that our endeavor is not terminated; it 
can and should be complemented by further attempts at mapping, via different interpretations, all 
incomplete and, as such, continuously open and never-ending.

Nevertheless, we also believe a good map can still last a long time. The Cassini map number 53 
of central France – mapped and engraved in the mid-1700s – maps the small mountain hamlet of 
four houses where one of the editors of this book spends holidays each year. Of course, there are 
differences; the spelling is not the same, and the mountain road to the hamlet was not paved until 
the 1960s, two centuries after Cassini’s team passed through, so roads and bridges are undoubtedly 
different. Yet that map from two and a half centuries ago still shows the names and locations of 
places that exist today. Our aim with this handbook is to provide a snapshot of the territory that is 
detailed enough for researchers, teachers, and even students to find it a useful first point of refer-
ence – to help them to situate themselves in the territory of engineering ethics education, even as 
that territory shifts over the coming years.
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Our positionality as editors and the origin of this handbook

This handbook grew out of the work of the Ethics Special Interest Group (SIG) of the European 
Society for Engineering Education (SEFI). The SEFI Ethics SIG Spring School in March 2021 
was hosted by EPFL in Switzerland but was held online due to travel restrictions still in place amid 
a slow rollout of COVID-19 vaccination programs across Europe. One of the themes of the 2021 
Spring School was ‘collaboratively writing engineering ethics’ and, to address that theme, Tom 
Børsen from Aalborg University presented a review titled “Lessons Learned about Engineering 
Ethics Education at the SEFI 2020 Conference.” One of Tom’s conclusions was that a substantial 
amount of high-quality research on engineering ethics education was being presented at SEFI and 
that there was a basis there to make a considerable contribution to the field’s growth. A participant 
in the event, Shannon Chance, recommended that Tom curate a handbook or special focus issue 
based on the expansive terrain he had identified. Coincidentally, just before that Spring School, in 
winter 2020, and also inspired by the annual SEFI conference, Shannon, Diana Adela Martin, and 
Thomas Taro Lennerfors had met and discussed the possibility of developing a handbook of EEE.

The stars were aligning, and two weeks after the Spring School, at Tom’s invitation, he and 
Shannon met to develop a strategy, which included inviting as editors Diana, Thomas, and Roland 
Tormey. Tom and Shannon credit Diana with bringing Gunter Bombaerts onto the project. Tom 
extended invitations, and almost immediately, the constellation of editors for this handbook (Tom, 
Shannon, Roland, Diana, Thomas, and Gunter) gathered to discuss how we could build on the 
work underway via SEFI to ‘collaboratively write’ engineering ethics education. The composi-
tion and characteristics of the team influenced a host of decisions made during the creation of the 
handbook.

The team is interdisciplinary. It includes editors with diverse backgrounds in multiple dis-
ciplines with profiles such as architecture and higher education (Shannon); chemistry, philoso-
phy, and technology studies (Tom); philosophy, liberal arts, and engineering education (Diana); 
sociology, mathematics, and educational sciences (Roland); industrial engineering and humanities 
(Thomas); and nuclear physics and philosophy (Gunter). We all have prior experience in edito-
rial roles for journals, books, handbooks, and/or special focus volumes. Some of us also have 
experience developing inclusive educational projects outside academia (Shannon, Diana, Roland, 
and Gunter). Through this handbook project, we generated new knowledge, extended geographic 
scope, and helped build additional publishing and project management skills among ourselves and 
our larger engineering and ethics education community.

The editorial team is gender diverse (two women and four men). Its members come from or 
have worked in various places, including Belgium, Denmark, Ireland, Japan, the Netherlands, 
Romania, Sweden, Switzerland, the United States, and the United Kingdom. We share a high 
level of respect and advocacy for diversity, equity, and inclusion. Alongside our gender, national, 
and disciplinary diversity, we also have similarities that present limitations in our endeavor to 
represent diverse viewpoints: we are predominantly (although not entirely) white and of European 
descent, and we all currently work in technical universities or engineering faculties in Europe.

Most of us are research-active in engineering ethics, having published on topics that we see 
as linked to engineering ethics and which appear in chapters throughout this book – like energy 
policy, energy justice, global responsibility, corruption, AI ethics, innovation for sustainable 
transitions, innovation ethics, corporate social responsibility, insecticide use, and interpersonal 
discrimination in teams (see, e.g., Chapters 6, 7, 11, and 13). All of us are research-active in engi-
neering ethics education, having published on pedagogical methods in ethics education (including 
case studies, role play, use of film, and challenge- and problem-based learning); on global and 
historical perspectives in engineering ethics education; on the impact of accreditation on ethics 
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education; on emotions in learning ethics; and on the integration of socio-ecological responsibility 
into engineering study programs. We have drawn upon various epistemologies and research meth-
odologies, including philosophical inquiry, quantitative and qualitative social research methods, 
and systematic literature review. These research interests and features of our epistemological posi-
tions certainly impacted our choices in framing this book.

Cultivating researcher capacity and building community were central concerns for the editors. 
Two of the editors (Roland and Shannon) have been involved in organizing SEFI annual confer-
ences, and three of us (Gunter, Roland, and Diana) have been organizers or co-organizers of four 
SEFI Ethics Spring Schools. Many of us (Diana, Roland, Gunter, Thomas, and Tom) have also 
been involved in organizing the SEFI ethics webinar series, the SEFI ethics newsletter, the SIG 
annual conference workshops, and ethics working group meetings, among other things. At the 
start of this project, one of us (Shannon) was just finishing a term as chair of the global Research 
in Engineering Education Network (REEN), having led a transformation toward more geographi-
cally diverse representation and extending REEN’s work to build the capacity of educators to use 
and conduct engineering education research. Our shared focus on community-building is evident 
in the choices we made in developing this handbook.

Different members of the editorial team played different roles during the handbook’s develop-
ment; however, we each took responsibility for one section: recruiting authors, supporting them, 
managing feedback workshops and peer reviews, and editing their chapters.

Tom was the conceptual lead for the project, and Shannon was the organizational and produc-
tion lead and the point-of-contact with publishers. Together, Shannon and Tom collaboratively 
managed the overall effort. Shannon took the lead in crafting detailed proposals and negotiating 
with publishers; Tom managed our team meetings. The two mapped the overall process, timelines, 
and deadlines. In the final months, Shannon copy-edited all the chapters and introductory state-
ments, ensuring a degree of coherence in linguistic style and approach across the 105 different 
authors and providing extensive editorial assistance in some cases. She contributed a significant 
amount of content for most of the overview statements (sections 1, 3, 4, and 6) and made substan-
tial contributions to several of the chapters (including Chapters 27 and 33). Shannon has also taken 
the lead on publicizing and promoting the handbook, offering workshops, and facilitating panel 
discussions at conferences around the globe during the production phase of publication. The edi-
torial team encourages all contributors to promote the work and to organize similar events – that 
present the content, engage and empower people to use it, and invite others to join our engineering 
ethics education efforts – whenever possible.

The whole team worked to identify gaps and ways to fill them, adding several new chapters 
along the way. Diana, Shannon, and Tom worked closely to identify and address ethical concerns 
related to author attribution and acknowledgments, aiming to achieve a high level of transpar-
ency and fairness. Nevertheless, our team recognizes the probability of inadvertently failing to 
acknowledge some of the invaluable contributions made, and we apologize to anyone whose con-
tribution has not been rightfully named and attributed.

Our first step in bringing this project together was to organize a participatory workshop at 
the SEFI conference hosted by TU Berlin and held online in September 2021. Working with the 
participants at that workshop (titled ‘Eager to Contribute to an Engineering Ethics Education 
Handbook?’) helped us co-construct an outline of the six sections of the handbook and identify 
some content, structure, and potential authors for each section. Building on this, we, as editors, 
developed a plan for the handbook and an outline of what it should contain.

In March 2022, we launched an open call for authors, outlining the proposed structure and con-
tent and inviting educators and scholars to express their interest in participating in the project. We 



Mapping engineering ethics education 

11

connected with various organizations, asking them to distribute our call for authors. We posted the 
call on the SEFI website. We reached out to personal contacts and as wide and globally expansive 
an array of engineering education organizations as possible. We asked interested people to tell us 
about their background and motivation, what chapter topics interested them, and whether or not 
they already had co-authors to propose. We were delighted to receive over 100 responses from 
across the globe.

Using this list of interested authors, we set about building author teams. We aimed to assemble 
an international author team for each chapter; ideally, each team would include four people from 
different institutions and countries and, wherever feasible, from different continents. We identified 
and invited a lead author for each chapter, outlining our collaboration aims and recommending 
potential co-authors for the chapter team while leaving the lead authors leeway to choose col-
laborators.

At the end of the process, we asked each author to let us know all the places they had lived or 
worked for a year or more. We developed Figure 0.1 using that dataset; the map helps us see the 
geographic extent of the community contributing to this resource. The map helps demonstrate our 
diversity, but it also makes visible where our community has not yet connected. It provides us with 
a valuable benchmark for the future.

Although the map communicates some core ideas about our cultural roots and our mobility, 
there are some things we would improve for subsequent versions: we would ask authors to pin 
their own locations for greater accuracy, and we would select a different base map (the one we 
used here was available open access on Wikipedia). We recognize that ‘mapping and colonialism’ 
are themes in this introduction, yet the equirectangular distorts space and makes equatorial regions 
appear smaller and, implicitly, ‘less important’ (Africa looks 2.5 times the size of Greenland but 
is, in fact, 14.5 times the size). Two-dimensional depictions of the world map projection are the 
subject of lively debate and are heavily contested in de-colonial studies of mapping – we support 
the push to evolve them.

Many of the teams that crystallized were interdisciplinary, and some were composed of people 
who were strangers to each other at the beginning of the process. As editors, we pondered and dis-
cussed if we were making things unnecessarily difficult for ourselves and for our authors, but the 
author teams approached their tasks with openness, good humor, and diligence – and they began 
to craft rich and coherent narratives. The pairings worked in almost every case, and the rate of 
success across teams was even higher than we have experienced with other book projects. We are 
incredibly proud of the quality, coherence, and comprehensive nature of the overall compilation – 
and of the community spirit and collaborative nature of the undertaking.

It was not enough to build coherence based simply on the diversity of authors within each 
chapter. We also needed to build coherence across chapters – within and across sections. Our first 
step was to cultivate coherence within themes by organizing workshops where authors presented 
their work to others within the same section and provided each other with feedback. This allowed 
authors to start to see overlaps, commonalities, and tensions within their respective sections. Once 
draft chapters were ready, we began to scale up – to look for coherence and tensions across sec-
tions. We did this by having each chapter reviewed by at least two other authors, typically one 
from within the same section and one writing in a different section. In this way, those working on 
an individual chapter could position their work within the broader context of the handbook. We 
enlisted a few additional experts to fill gaps during the review process.

Tom and Shannon dedicated themselves to fostering connectivity, coherence, and 
 comprehensiveness across the entire collection, striving to impart a sense of unity and complete-
ness to the book. They added chapters during the development of the book to cover emerging or 
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under- recognized issues. Shannon edited the chapters for grammar and style, cross-referencing 
where possible. Tom and Shannon worked together to analyze the section overviews; they sought 
to ensure the overviews describe the respective themes in relation to the larger contexts of engi-
neering, education, and the full set of manuscripts the handbook encompasses. Shannon and Tom 
also worked closely with Diana to ensure that individuals were adequately recognized for their 
contibutions. 

As noted above, growing out of the work of the SEFI Ethics SIG, our starting point was the idea 
that we could facilitate a process to collaboratively ‘write’ and simultaneously ‘map’ engineering 
ethics education in a way that transgressed disciplinary borders and colonial and postcolonial (or 
hegemonic and oppressed) narratives; and moreover, that we could do so by involving a wide 
set of voices and that we could collaborate to build something that was at once rich, multi-per-
spectival, and coherent. We recognized the ambitious scope of the task we set ourselves and our 
team of authors, but with trust in each other, in the process, and in our authors, we have arrived at 
this handbook that charts the emergence of a coherent and vital field of study: engineering ethics 
education.

The structure of this handbook

This handbook is divided into six sections. The first three sections address the content and purpose 
of engineering ethics education, and how disciplines like engineering, environmental science, eth-
ics, and other social sciences and humanities disciplines (and non-Western knowledge systems) 
feed into EEE. The subsequent three sections address processes surrounding and forming EEE: 
teaching methods, assessment, and accreditation.

The first section, ‘Foundations of engineering ethics education,’ discusses some foundational 
issues that underpin engineering ethics education. The issues covered in this section range from 
the purpose(s) of engineering ethics education to the relationship between engineering ethics edu-
cation and the field of ethics, individual judgment and decision-making versus collective issues, 
professionalism related to engineering ethics education, how engineering ethics education relates 
to reason and emotion, how environmental concerns relate to EEE, and emerging issues in AI. This 
section contains seven chapters.

The second section, ‘Interdisciplinary contributions to engineering ethics education,’ makes 
the assumption that engineering is an interdisciplinary and applied field that draws from founda-
tions provided by mathematics, natural sciences, computer science, management studies, social 
sciences, and the arts. Ethics education is equally an interdisciplinary field, drawing notably 
from psychology, philosophy, sociology, and social policy studies. It follows that understanding 
engineering ethics education requires a multidisciplinary foundation. This second section aims 
to provide an understanding of the foundational concepts, approaches, and problematics central 
to engineering ethics education. In Section 2, these concepts, approaches, and problematics are 
explored within the context of the disciplines from which they emerge. Six chapters comprise 
this section.

The third section features chapters articulating the ethical challenges of different engineering 
disciplines. Each of the chapters delineates which ethical issues, dilemmas, and challenges are 
discussed in the specific discipline and explores how the discipline’s students and practitioners 
might address them. The ethical issues included cover both processual issues (like user involve-
ment, codes of conduct, early warning systems, distribution of responsibility, ethical design, etc.) 
and the wider ambiguous implications of technology and engineering solutions (in relation to digi-
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talization, energy, human rights and dignity, pollution/environmental impacts and climate change, 
colonization, big tech’s influence on technological solutions, military technologies, technological 
accidents, etc.). Section 3 outlines how these issues, dilemmas, and challenges are approached and 
suggests solutions in engineering ethics education within various engineering disciplines. The sec-
tion examines both the similarities and differences in topics suitable for inclusion in the ethics edu-
cation of various engineering disciplines, as well as the diverse approaches to addressing ethical 
issues, dilemmas, and challenges within each discipline. Although this section encompasses only 
five chapters, the set provides a glimpse into the breadth of engineering work within subfields, 
showcasing a diverse range of concerns and approaches.

The role of the fourth section, ‘Teaching methods in engineering ethics education,’ is to delin-
eate the established and emergent methods used to teach engineering ethics. Current research 
reflects a deep fragmentation of pedagogical approaches and confusion as to which approaches are 
most suitable in preparing socially responsible engineers. There are limited empirical findings to 
serve as guidance in the implementation and teaching of engineering ethics. However, there is a 
significant body of knowledge in relation to medicine, business studies, and other science, technol-
ogy, engineering, and mathematics (STEM) fields that can serve as inspiration. Given that a coher-
ent curriculum strategy requires alignment, Section 4 dialogues with the other handbook sections 
concerned with theoretical frameworks and assessment strategies. It is important to address the 
topics falling under these sections in conjunction, as a lack of clarity and alignment might lead to 
missed educational opportunities. This section includes seven chapters.

Section 5, ‘Assessment in engineering ethics education,’ deals with the difficult and challeng-
ing topic of assessment in engineering ethics education. It encompasses both the assessment of 
students and the evaluation of courses. Those assessing students in ethics education always have 
to balance measurability on one hand with aiming for the richness of topics (and developing com-
petencies like moral reasoning or moral attitudes) on the other. Course evaluation poses a similar 
challenge. What should be the aims of an ethics course, and how can the course be judged to be 
good (enough)? Often, students’ satisfaction is considered, but it can also be asked, What can be 
reasonably said about a course’s effectiveness in realizing moral sensitivity or moral attitude? 
This section contains six chapters.

Section 6, the final section, ‘Accreditation and engineering ethics education,’ addresses accred-
itation policies and practices that have driven the adoption of ethics education within engineering 
courses worldwide, considering that expectations (particularly regarding student performance or 
‘learning outcomes’ related to ethics) have been difficult to define and assess. This section on 
accreditation, as related to engineering ethics education (EEE), considers the background history 
of ethics in accreditation, maps national and international accreditation values and practices, dis-
cusses the role of accreditation in licensure, and reflects critically on whether and how accredita-
tion promotes EEE at local and global levels. Five chapters are included in this section.

The handbook is structured so that this introduction provides an overview of some of the trans-
versal conclusions offered within the book’s pages to engineering ethics education researchers and 
teachers, as well as to higher education management. Each section opens with an editorial intro-
duction that identifies what the respective section editor finds most important to highlight about 
the section. We recommend reading both the book introduction and the introductions to the six 
book sections in addition to the specific chapters that align with the reader’s interests. In this way, 
readers can gain both gain an overview of engineering ethics education as a research and teaching 
discipline, and an in-depth understanding of some of its many facets. Reading section introduc-
tions will also contextualize the individual chapters of the book.
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This opening section of our handbook delves into the foundational principles, topics, and themes 
that underpin the multifaceted landscape of engineering ethics education. While the term ‘founda-
tions’ may suggest a definitive framework, we embrace the dynamic and evolving nature of ethical 
discourse within engineering practice, teaching, and research. Recognizing ethics as an ongoing 
dialogue, we approach this section humbly, acknowledging our vibrant research and teaching com-
munity’s perpetual flux of perspectives and priorities.

Thus, contrary to implying a conclusive stance, our use of ‘foundations’ denotes pivotal themes 
and concepts permeating this handbook, including purposes of engineering ethics education, nor-
mative ethical theories, professional responsibilities, ethical decision-making, emotions, and envi-
ronmental concerns. In the specialized discussions that take place in an increasingly fragmented 
academic discourse, we see it as being of utmost importance to confront these foundational issues 
directly, albeit with a recognition of the inherent complexities and inexhaustible demands they 
entail.

At the base of this ‘foundations’ section lies a fundamental question: What are the purposes of 
engineering ethics education? This question serves as this section’s guiding beacon, illuminating 
subsequent explorations into normative ethical theory; individual and collective decision-making; 
the nuanced interplay of emotions; the role of professionalism and professional organizations; the 
oft-overlooked dimension of environmental, ecology, and nature; and the burgeoning domain of 
artificial intelligence (AI) and its intersection with engineering ethics education (EEE).

By situating these chapters within the broader field, we provide a panoramic view of foun-
dational elements, which support many other concepts presented throughout the book: ethical 
theories, professional ethical codes, emotions and reason, EEE objectives, and individual and col-
lective ethical decision-making. From the outset, we acknowledge the inherent incompleteness of 
our endeavor and invite ongoing discourse to further interrogate the landscape.

Chapter topics, trends, and implications

Perhaps the most foundational question about engineering ethics education regards why we have 
EEE in the first place. Given the substantial power and knowledge that engineers wield in shaping, 
constructing, implementing, and deconstructing the intricate and interconnected material frame-
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work that constitutes society, the environment, and reality, engineers must grasp the weight of their 
influence. This material framework not only significantly impacts the natural environment but also 
becomes the milieu of human existence and affects life in all its forms on this planet. Engineers 
should thus be cognizant of their agency and expertise, employing them judiciously. Nevertheless, 
one can critique this imposition of agency on engineers as they are also part of a socio-techno-
ecological system with its own directionality, placing obstacles in the way of engineers’ respon-
sibility-taking. Whether one highlights the agency of either individual or groups of engineers or 
rather chooses to put the structures, networks, and constraints on the agency of engineers to fulfill 
their professional responsibilities, our conclusion is that engineers always have agency (albeit to 
varying degrees) to take responsibility. It is upon this agency that much of engineering ethics edu-
cation rests. Given that we have now highlighted how even this agency is contested, for engineer-
ing ethics educators and researchers, it is important to think about agency and responsibility and 
how it is highlighted or downplayed in research literature, textbooks, assignments, and classroom 
exercises. Perhaps one could even claim that much of engineering ethics education’s purpose is to 
‘perform’ this agency in an educational setting.

Given our understanding of the existing literature on the purposes of EEE, we can view EEE as 
serving several purposes. EEE is claimed to have the purpose of enhancing the sensitivity of future 
engineers to ethical issues, increasing their knowledge of relevant standards, building their ethical 
judgment, and increasing their ethical willpower (Herkert, 2000). Lennerfors et al. (2020) argue 
that EEE should instill awareness, responsibility, critical thinking, and action in students. Tormey 
et al. (2015) maintain that EEE should nurture moral sensitivity, judgment, motivation, and char-
acter. Our view is that although the wordings of purpose differ among scholars, their suggestions 
are quite similar, and there seems to be an agreement. Yet, is the agreement fictional, in the sense 
that there is no real discussion about foundations? A discussion about purposes is not enough. 
There is a need to align various learning activities to the purposes of EEE. Previous research 
literature indicates that the purposes of EEE have not always been implemented in practice. One 
major critique is that EEE has been focused on what Herkert would call sensitivity, knowledge, 
and judgment; what Lennerfors and colleagues would call awareness and critical thinking; and 
what Tormey et al. would call moral sensitivity and moral judgment – thus excluding the impor-
tant dimensions of taking responsibility and engaging in ethical action (Lennerfors et al., 2020). If 
this critique is valid, it seems as if the purposes of EEE are not present in the day-to-day teaching, 
which is yet another reason for re-starting discussions about the purposes of EEE.

Chapter 1, ‘The purposes of engineering ethics education’ by Qin Zhu, Lavinia Marin, Aline 
Medeiros Ramos, and Satya Sundar Sethy, contributes to this discourse on the purposes of EEE 
by presenting a novel framework. The authors’ framework highlights individual aspects such as 
knowledge, actions, personal habit formation, and values in artifacts and addresses more holistic 
considerations, emphasizing relationships, the environment, and other systems. We consider this 
contribution essential for reigniting and broadening discussions about the objectives of engineer-
ing ethics education. We also see that this should be regarded as part of a debate that needs to 
be re-ignited. And perhaps more importantly, this is a call to engineering ethics educators and 
researchers to bring a reflexive discussion about purposes into our daily practices.

In contemporary EEE, the role of normative ethical theories – such as consequentialism, deontol-
ogy, rights-based theories, virtue ethics, relational ethics, ethics of care, existential ethics, theories 
of justice and fairness, and environmental ethics – is a subject of ongoing debate. The designation 
of the field as ‘engineering ethics education’ inherently connects it to normative ethical theories as 
discussed within philosophy. Yet, alternative labels like ‘responsible engineering’ may challenge 
the centrality of normative ethical theories, although responsible engineering, of course, would 
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include some other normative framework. In any case, within EEE, a significant divergence exists 
in the treatment of such theories. Whereas some courses emphasize including normative ethical 
theories, others intentionally omit them, either because of knowledge or resource constraints or 
because the theories might not seem practical enough. There is a contentious discussion surround-
ing which theories should be included, the rationale for their inclusion, and how they should be 
applied. Consequently, the role of normative ethical theory within EEE remains a pressing concern 
that requires comprehensive discussion. Moreover, there have been notable criticisms regarding 
the perceived Eurocentric, speciesist, anthropocentric, and male-centric nature of some normative 
ethical theories. Over the past five decades, efforts to diversify the discourse have intensified, with 
increasing emphasis on incorporating a spectrum of alternative theories, such as ethics of care and 
ethical frameworks from diverse cultural contexts.

Chapter 2, ‘Ethical theories’ by Michael Kühler, Natalie Wint, Rafaela Hillerbrand, and Ester 
Gimenez-Carbo, tackles the role of normative ethical theories head-on. The authors argue that 
while such theories are undoubtedly important, careful attention must be paid to how they are 
integrated into EEE. They advocate for an approach that avoids oversimplification and ensures the 
inclusion of underrepresented theories. By adopting such a nuanced approach, EEE can effectively 
fulfill its mission of fostering ethical competence among students, reinforcing the broader purposes 
outlined in preceding chapters. The chapter takes a normative stance that we should systematically 
use normative ethical theories, avoid logical contradictions, and strive for internal consistency. As 
part of a philosophy of openness and breadth, it is worth mentioning that another strand of thinking 
highlights the instrumental role that normative ethical theories can have alongside other normative 
ethical frameworks. In other words, rather than using normative ethical theories in a consistent and 
logical way, some see such theories as providing helpful but not conclusive foundations on what 
can be considered ethical. Rather, these theories’ instrumental nature and usefulness are the core 
concerns. Some see the theories as being possible to combine and include as components in an 
ethical decision-making framework, with the argument that such use of normative ethical theories 
is enough for “non-ethicists,” that is, practical professions such as engineering (Lennerfors, 2019).

Ethical decision-making constitutes a crucial pillar of EEE, involving the process by which 
individuals or collectives navigate a spectrum of alternative courses of action, each with its own 
advantages and drawbacks. This approach resonates particularly with engineering students, offer-
ing them an understanding of ethics not as something fundamentally distinct from general deci-
sion-making processes but as a realm where similar frameworks can be applied. This can also have 
pedagogical implications, since ethical decision-making lends itself to practical problem-solving 
rather than academic seminars (although we, of course, see the latter’s value). What is usually 
perceived as the major difference between ethical decision-making and decision-making in general 
is the existence of normative frameworks, which one can (or should) be informed by when mak-
ing decisions concerning ethics. Numerous frameworks have been developed to support ethically 
sound decision-making, and a thorough review by Walter Maner (2002) identified hundreds of 
frameworks developed for this purpose. However, the ethical decision-making literature has faced 
criticism for its focus on individual decision-makers, often neglecting the dynamics of collective 
decision-making and the inherent power differentials. Critics argue that these frameworks prior-
itize rationality and agency while downplaying the influence of power dynamics and inequalities. 
Moreover, there’s concern that an excessive emphasis on analysis may lead to decision paralysis, 
favoring endless argumentation over tangible action and perpetuating the status quo rather than 
fostering socially desirable change.

In Chapter 3, ‘Individual and collective dimensions of ethical decision-making in engineering’ 
Kari Zacharias, Marion Hersh, Andrew O. Brightman, and Jonathan Beever explicitly explore 
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the roles of individuals and collectives across various levels in ethical decision-making (teams, 
organizations, professions, societies, and ecosystems). The chapter offers concrete examples of 
frameworks for educational practice, highlighting opportunities for enhancing ethical decision-
making by bridging various levels with contrasting priorities. By connecting individuals to the 
diverse communities to which they belong, ethical decision-making can be significantly enriched 
and contextualized.

Historically, engineering has emphasized rationality, often sidelining the role of emotions in 
decision-making and ethics. A cognitive-rationalist approach, prioritizing critical thinking, has 
long dominated engineering discourse. This focus has been linked to masculinity, implying a nor-
mative focus on rationality rather than emotion. However, there has been a gradual evolution in 
the perception of emotions. They are increasingly recognized as important factors and potential 
facilitators of ethical decision-making rather than merely threats to critical thinking. Although 
mainstream EEE discourse still typically fails to acknowledge the significance of emotions as 
core elements shaping actions and outcomes, this gap is gradually subsiding as more attention 
is directed toward emotions in both research and pedagogical development within engineering 
education.

A growing body of literature is exploring the role of emotions in ethical decision-making, 
accompanied by efforts to integrate emotional intelligence into educational practices. Based on 
existing research on this topic, presented in Chapter 4, ‘Reason and emotion in engineering ethics 
education’ by Nihat Kotluk, Johanna Lönngren, and Roland Tormey, we can say that both reason 
and emotions are needed in EEE. They complement each other; neither reason nor emotion can 
stand alone. They also shape each other given that one can train one’s gut feelings, and feelings 
can shape and even reject a rational ethical argument. Chapter 4 draws from diverse disciplines, 
and the authors build a comprehensive knowledge base tailored to educators and researchers in the 
field. Through this exploration, the chapter emphasizes the significance of addressing emotions not 
only within the realm of EEE but also in broader contexts, highlighting their multifaceted role in 
ethical decision-making and professional practice.

Another foundational issue within EEE is the engineer’s professionalism and adherence to a 
professional code of conduct, yet another ethical framework often used in EEE. As future engi-
neers, students are expected to be versed in the professional code of conduct and understand its 
role in providing guidance when facing ethical dilemmas. This raises crucial questions about the 
purpose of the professional code, its origins, and how engineers should engage with it. Should 
engineers blindly adhere to codes, view them as one among many tools for ethical engineering 
practice, or adopt a critical and reflexive stance toward them, recognizing potential contradictions 
and limitations?

Chapter 5, ‘Professional organizations and codes of ethics’ by Jeff R. Brown, Leroy Long III, 
Taylor Mitchell, and Renato Bezerra Rodrigues, delves into the role of professions in engineering 
ethics education, applying Freidson’s (2001) framework of professionalism to examine the histori-
cal and contemporary significance of professionalism within engineering. The chapter draws on 
empirical examples from the United States and Canada to illustrate this discussion. Interestingly, 
upon reading this contribution, it becomes evident how distinct the North American context is 
from other national contexts, such as that in Sweden, where the section’s lead editor lives and 
works. In Sweden, an ethos of professionalism is prevalent among engineers, but this does not 
always align with membership in professional organizations or a deep understanding of the ethi-
cal codes governing engineering work. The status of the professional societies in varying cultural 
contexts has important ramifications for EEE. In some contexts, it can be a valid educational ele-
ment to frame codes of conduct as something that future engineers must subscribe to and must 
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relate to. In other contexts, such as the Swedish one, students are often surprised to hear about the 
existence of an engineering ethics code of conduct, and there is usually plenty of discussion about 
why the code exists in the first place and a range of critical remarks about the code. In contexts 
where the code has less of a definitive normative character, it might be easier to think critically 
about the codes and the power relations that have gone into shaping them than in contexts where 
future engineers need to abide by the code.

In this handbook, Chapters 1 and 3, among others, touch on the relationship between engi-
neering, EEE, and the natural environment. The natural environment deserves dedicated focus, 
especially given that we live in an era defined by humanity’s significant impact on non-human life 
and the planet itself.

Chapter 6, ‘A post-normal environment-centered approach to engineering ethics education’ by 
Tom Børsen, Shannon Chance, and Gaston Meskens, contends that ethics is intricately intertwined 
with socio-ecological sustainability. Thus, the chapter describes several normative frameworks 
from sustainability science and environmental ethics. This intertwining goes beyond mere issues 
of knowledge and extends into politics (within political contexts, specific individuals or groups 
– stakeholders – possess interests, situated knowledge, and values that are considered crucial to 
address). The chapter foregrounds the relationship between EEE and the environment by calling 
for a paradigm shift in engineering education and introducing the concept of post-normal engi-
neering (PNE), which advocates reflexivity as a way forward.

This chapter connects to a debate that should be more present within EEE, namely the con-
nection between ‘ethics’ and ‘sustainability.’ Here, it is interesting to see how different scholarly 
communities create an understanding of themselves and the foundational topics concerning both 
their own domain and that of the other domain. There might thus be a tendency among sustainabil-
ity scholars to see ethics as one limited but important strand within their field. In contrast, ethics 
scholars might see sustainability (depending on how it is defined) as one of the many normative 
values that need to be promoted as part of ethical judgment and action. The handbook editors see 
many potential connections between ethics and sustainability and perceive that academic and 
pedagogical discussion would benefit from being more open to fruitful interchange. In a text that 
the section lead has previously written (Lennerfors & Murata, 2023), a preliminary investigation 
into commonalities and differences between the two domains was conducted, focusing on the 
issues of concern (where both fields promote a range of normative values related to the society 
and environment, among which there are inevitably value conflicts), methodologies (where some 
impact assessment techniques are shared, but where there are also discrepancies, e.g., the use of 
normative ethical theories in ethics and life-cycle assessments in sustainability). Finally, there is 
an argument that neither ethics nor sustainability (within engineering and beyond) are harmonious 
bodies of knowledge. Rather, they are fragmented and contested, which implies that the domains 
can make connections between the domains more straightforward. The underlying argument is 
that because there is no fundamentally distinct essence separating the fields, bridging them should 
be feasible.

As researchers and educators in EEE, we are acutely aware of the far-reaching implications of 
new technologies on our educational practices. As mentioned in the introduction to this handbook, 
artificial intelligence (AI) has recently gained significant momentum. The advent of transforma-
tive technologies like ChatGPT and other powerful applications has underscored the need for 
ongoing adaptation and innovation in our educational approaches.

Chapter 7, ‘Engineering ethics education and artificial intelligence’ by Cécile Hardebolle, 
Mihály Héder, and Vivek Ramachandran, provides a comprehensive discussion on the implica-
tions of AI for engineering and engineering education and points to related ethical issues. Beyond 
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addressing issues like cheating, the chapter delves into essential considerations regarding what 
aspects of AI ethics should be incorporated into engineering curricula and how best to do so. The 
authors explore the potential for AI to be leveraged positively within the engineering ethics class-
room, envisioning scenarios where AI is utilized to enhance and support students in their pursuit 
of fulfilling the objectives of engineering ethics education.

Conclusions from the section editor

In this section, a range of foundational issues have been presented. We (editors) believe all those 
issues are crucial for engineering ethics educators and researchers to consider. Two themes that 
come through in the section are openness and breadth.

We want to maintain an open approach, which is why we have provided different perspectives 
on how all these foundational issues can be approached. For example, regarding the purposes of 
EEE, we not only presented a new set of purposes but also argued that these purposes should be 
the start of a new debate and that what matters eventually is how these purposes (or indeed other 
purposes) make their way practically into EEE. We recognize that some organizations identify 
their values primarily for external purposes, while their everyday work diverges from the values. 
We believe that EEE researchers and practitioners should often, or at least occasionally, scruti-
nize their work concerning the purposes, to help ensue validity and ongoing alignment. Similarly, 
concerning normative ethical theories, we have left the situation unresolved. We argue that EEE 
researchers and practitioners need to consider normative ethical theories; we do not provide a con-
clusive position but merely guidance regarding how they could be used in teaching.

We also have promoted the broadening of the scope of EEE. Rather than only covering human-
to-human or human-to-technology relationships, we have included the natural environment in a 
range of chapters, which we think has been downplayed in earlier scholarship. Yet again, we have 
found that previous research and teaching have focused on rationality while downplaying emo-
tions. To highlight the role of emotions in EEE is another way of broadening the scope. We have 
also broadened ethical decision-making from an individualist focus to more collective forms, as 
well as intending to eschew the critique of normative ethical theories neglecting a range of stake-
holders and concerns.

Still, despite the openness and breadth that we have tried to promote, the work is always incom-
plete, and the section is an invitation to continue the discussion.

Positionality

As elaborated in the introductory chapter, the genesis of foundational topics emerged organically 
through collaborative, bottom-up deliberations within our editorial team and the broader EEE 
community.

However, the section has also been influenced by the position of the section editor, Thomas 
Taro Lennerfors. He is an industrial engineering and management graduate, which means that 
from the beginning he was taught that he was expected to bridge the ‘management’ domain and 
the ‘engineering’ domain of companies. Although he never worked in industry but embarked upon 
an academic career, he has always been working in the interstices, where there is contestation and 
where people do not agree with each other. This has also led to a career which is quite open and 
broad, which connects to the concluding remarks of the section. He has also, with the support 
of academic mentors and benefitting from being part of an open academic environment, inte-
grated a range of theories and methods into his work. For Thomas, living in a range of countries 
has contributed to being open to cross-cultural differences. Furthermore, the chapters concerning 
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purposes, normative ethical theory, ethical decision-making, professions, and emotions connect 
directly to how engineering ethics is taught at Uppsala University, where Thomas works. In edit-
ing this section, Thomas shared his perspectives with the author teams, but was also careful not to 
overly influence the content of the chapters with his own views.
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Introduction

Engineering ethics, as a field of applied and professional ethics, assumes an essential role in form-
ing professional identity and the everyday decision-making for engineers. Clearly articulating and 
rigorously assessing the purposes of engineering ethics education (EEE) constitutes the founda-
tion of successful engineering ethics programs. Furthermore, understanding the purposes of EEE 
is critical for all stakeholders involved in engineering education, including engineering students, 
instructors, engineering programs and institutions, employers, and accrediting bodies.

For instance, understanding the purposes of EEE can be a catalyst for actively involving stu-
dents in the learning process. This aligns with research in the field of learning sciences, which 
emphasizes that students are most receptive to knowledge when they clearly understand their 
learning goals and expectations (Dotson, 2016). Moreover, the capacity to design more impactful, 
pertinent, and engaging learning experiences for students hinges upon instructors’ understanding 
of the underlying purposes of EEE (Liow et al., 1993). Within the realm of engineering programs 
and institutions, a comprehensive understanding of the purposes behind EEE establishes a norma-
tive framework that shapes the outcomes and purposes of engineering education.

EEE has become central to most undergraduate engineering programs across the globe. When 
considering teaching engineering ethics to undergraduate engineering students, the question arises 
regarding its modus operandi, which includes whether an engineering ethics course is to be offered 
as an elective or a core module/course for an engineering program, what the learning objectives 
are, who shall teach engineering ethics, how engineering ethics shall be taught, and what assess-
ment and evaluation methods should be used to evaluate students’ learning. Researchers across 
the globe have been discussing these questions in their works. Hence, it is crucial to address these 
questions in this chapter as they are foundational for discussing the purposes of EEE.

A major contribution of this chapter is to construct a conceptual framework to systematically 
describe and compare various approaches to the purposes of EEE. It is worth noting that such a 
framework is inherently embedded with a tension between a normative approach and a pragmatic 
approach to the possible purposes of EEE. A normative approach is primarily interested in what 
the purposes of EEE should be. Starting from the risks and harms that engineering as a profes-
sion can give rise to and from asking how engineers can help make the world a better place, this 
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The purposes of engineering ethics education

approach posits first the ends of EEE without concern for the actual means of achieving them. If 
the ends are clear, then the means will follow. The other approach is pragmatic and starts from 
the question ‘What can be achieved through educational practice?’ This approach considers what 
has been done already and the limitations inherent to any educational endeavor: time, energy, and 
resources (material and cognitive).

The normative approach concerns what these purposes should be, given the needs of the engi-
neering profession and of society at large. The pragmatic approach concerns what these purposes 
are, in educational practice and in policy making. Such descriptive formulations usually follow 
complex negotiations between multiple stakeholders and will be different based on each country’s 
own priorities. The normative approach is one in an ‘ideal world’ scenario, while the pragmatic 
one is the result of ‘actual world’ situated outcomes of negotiations between the stakeholders. In 
order to differentiate the normative from the pragmatic approaches – and to show what these have 
in common – we will use a conceptual framework that illustrates the wide range of these purposes, 
strictly philosophically speaking.

Following this introduction, this chapter will address three key themes. First, before we delve 
into the purposes of EEE, we discuss some fundamental questions about the nature of the purposes 
of EEE. These questions have been extensively discussed and debated in the EEE literature and 
are interrelated. The question of whether engineers’ moral actions should align with their personal 
morality or adhere to professional ethics is pivotal for establishing the legitimacy of the field of 
EEE. This consideration significantly impacts the purposes of EEE, or what we, as engineering 
educators, expect our students to learn about engineering ethics. Such a question is also connected 
to another critical question in EEE: whether engineering ethics is teachable. If engineering ethics 
is merely an application of personal morality in engineering, then since students arrive in under-
graduate classrooms, either we have little to teach them about personal morality or we cannot 
teach students about engineering ethics (as personal morality is closely linked to an individual’s 
early developmental stages, it is inherently shaped by their foundational beliefs established during 
that period) (Abaté, 2011; Harris et al., 1996; Veach, 2006). Alternatively, if engineering ethics is 
construed as professional ethics, encompassing “special morally permissible standards of conduct 
that every member of a profession wants every other member to follow” (Harris et al., 1996, p. 
93), then it implies that not only is engineering ethics a subject that can be taught, but also that 
understanding it requires more than an individual’s personal experiences. Finally, whether teach-
ing engineering ethics is about developing ethical knowledge and skills or developing moral habits 
is crucial for discussing the purposes of EEE. Further deliberation on this question extends to 
exploring the diverse purposes of EEE, which are captured by a conceptual framework in the fol-
lowing section.

Second, to capture the diversity of purposes of EEE, we constructed a conceptual framework 
comprising six approaches to understanding the purposes of EEE: knowledge, personal traits, 
actions, values in artifacts, relations, and ecosystems. Arguably, the foundational assumption of 
individualistic rationalism underpins the first four approaches, which perceive engineers as entirely 
rational and autonomous individual decision-makers (Zhu & Clancy, 2023). Moral engineers are 
thus those who are capable of developing moral knowledge and behavioral tendencies in engineer-
ing practice or creating technologies to exert positive moral influences on society. Conversely, the 
remaining two approaches adopt a holistic perspective, emphasizing the interconnected nature of 
the world and the impact of engineering practices on this interconnectedness.

Finally, we discuss normative analysis via two normative yet practical questions: ‘Who should 
teach engineering ethics based on this wide variety of purposes?’ and ‘Who gets to decide on these 
purposes in practice, namely, who are the stakeholders involved in these decisions?’Both of these 
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questions bear social and political relevance, as the qualifications, background, and disciplinary 
training of individuals qualified to teach engineering ethics play a pivotal role in shaping their 
understanding of engineering ethics, encompassing the purposes of EEE, and influencing how eth-
ics learning outcomes are formulated (Barry & Herkert, 2015). Furthermore, more recent research 
has shown that decision-making concerning EEE is a socially constructed process, entailing power 
negotiations among diverse stakeholders (Martin et al., 2021). In recognition of the socially con-
structed nature of EEE and engineering education research, we begin by describing our positional-
ity as a team of authors.

Positionality

The positionality of each co-author of this paper is shaped by our own set of personal and pro-
fessional experiences. Qin Zhu is an associate professor of Engineering Education at Virginia 
Tech. Trained as both a materials engineer and philosopher in China, and later transitioning into 
the role of an engineering education researcher in the United States, he has adopted a cultural 
and critical perspective. From this perspective, he explores values, norms, and cultural assump-
tions embedded in the professional formation of engineering identity and the development and 
deployment of technologies, such as artificial intelligence (AI) and robotics. Lavinia Marin is 
a Romanian philosopher working in the Netherlands at TU Delft. In addition to her philosophi-
cal background, which is predominantly informed by the Western canon, Lavinia was trained 
as an electrical engineer and has worked for several years in a large state-owned company in 
Bucharest, Romania, which informed her vision on EEE goals in practice. Aline Medeiros Ramos 
is a Brazilian philosopher who received most of her postsecondary education in North America 
(New York and Montreal). She is now based in Canada at Université du Québec à Trois-Rivières. 
She specializes in medieval philosophy and ethics and has a background in classics. She teaches 
courses on the history of philosophy and professional ethics, primarily to engineering and medi-
cal students. Satya Sundar Sethy is a professor of Philosophy in the Department of Humanities 
and Social Sciences of the Indian Institute of Technology Madras. He specializes in applied ethics 
(engineering ethics, academic ethics), engineering education, consciousness studies, logic, and 
Indian philosophy. He was conferred with the ‘Young Philosopher’ award by the Indian Council 
of Philosophical Research, Ministry of Education, New Delhi, in 2017. He was also awarded 
a Scholar-in-Residence Fulbright Fellowship to carry out teaching and research tasks in Utah 
(USA) in 2022–2023.

Some fundamental questions

EEE is usually seen as essential to prepare future engineers for the complex ethical challenges 
they will encounter. A proper pedagogical path into this field requires the critical examination of 
some fundamental ethical questions. By engaging in this kind of reflection, we can gain valuable 
insights into the purpose and nature of EEE. Thus, we can ensure its continued relevance in rapidly 
evolving technologies. This section delves into some fundamental philosophical questions that 
determine or shape the definition and prioritization of the purposes for EEE. More specifically, 
it will address (1) the distinction between engineering ethics and morality, (2) the teachability of 
engineering ethics, and (3) the balance between theoretical knowledge, technical operationalizable 
skills, and moral habits in engineering ethics. Responses to these questions all have a profound 
impact on how the purposes of EEE are or should be articulated.
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Engineering ethics, morality, and personal ethics

The first question to be explored revolves around the relationship between engineering ethics and 
so-called ‘personal ethics.’ By analyzing their similarities and differences, we can achieve a clearer 
understanding of the unique considerations and responsibilities that engineering ethics requires. 
Thus, we can articulate the distinct ethical framework required within the engineering profession.

In this chapter, we will not make any philosophical distinction between the terms ‘ethics’ and 
‘morality’ (as this is outside the scope of this chapter). We will use the terms ‘ethics’ and ‘morality’ 
synonymously and interchangeably. Having said that, we will distinguish engineering ethics from 
personal ethics. While there may be some overlap between them, they differ in scope and focus in 
many ways. The first way they differ is in scope. Engineering ethics is a specific branch of ethics 
– namely of applied ethics – that deals with the ethical considerations and responsibilities of engi-
neers and their professional practices. It concerns the impact of engineering decisions and actions on 
society, the environment, and other stakeholders. Personal ethics, on the other hand, may encompass 
an individual’s beliefs, values, and principles that guide their personal conduct in various aspects of 
life, which are not limited to their professional role as an engineer (Martin, 2002). In short, while 
living in a society, every individual has developed personal ethics to conduct themselves in specific 
ways in their day-to-day life and to judge ethical matters. In contrast, engineers are people who 
have received specialized postsecondary education and learned engineering ethics in their educa-
tional path. They are expected to use that acquired knowledge in their ethical decision-making and 
evaluate whether an action (regarding an engineering task) is moral. The two also differ in context. 
Engineering ethics is primarily concerned with ethical dilemmas, deliberation, and decision-making 
reasoning within the specific context of engineering practice. It addresses issues such as profes-
sional responsibility, safety, sustainability, fairness, and the welfare of societies impacted by engi-
neering developments. On the other hand, personal ethics applies to a person’s overall behavior and 
choices in various contexts, including personal relationships, family, community involvement, and 
more. To be sure, they can – and often do – coincide, but it is not necessary that they do.

Another fundamental difference between the two regards the existence of a formal code of con-
duct in engineering practice, which is (often) absent in an individual’s personal dealings. Engineers 
often adhere to a professional code, which provides guidelines and principles specific to their field. 
These codes are typically established by professional engineering regulatory boards and associa-
tions, outlining the responsibilities and obligations engineers should uphold in their professional 
practice. Thus, engineering ethics often intersects with legal and professional standards. Engineers 
are bound by legal obligations and regulations that govern their professional practice, and ethical 
misconduct can have legal consequences (Davis, 1998). On the other hand, personal ethics may 
overlap with legal and professional standards but are not bound by them. Personal ethics is guided 
by an individual’s beliefs, values, and principles – which may or may not align with a specific code 
and are not necessarily written or institutionally upheld.

Finally, engineering ethics strongly emphasizes the needs and interests of various stakehold-
ers affected by decisions. Engineers must consider the potential impacts of their work on public 
health, safety, the environment, and other societal aspects. Personal ethics may also consider the 
welfare of others, but it may not be as directly focused on the broader or societal consequences of 
specific professional actions.

The teachability of engineering ethics

Since engineering ethics differs from personal ethics, the next concern is whether it is a subject that 
can be taught;, that is, we must determine the extent to which engineering ethics can be cultivated 
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and developed through pedagogical interventions. This exploration will inform the design and 
delivery of ethics education programs, ensuring their effectiveness in enhancing ethical compe-
tence among engineering students.

Scholars acknowledge that engineering ethics is teachable to students in engineering and tech-
nology fields (Johnson, 2020). Sethy (2017) in his research findings reported that engineering 
students who completed the Engineering Ethics course stated that this course offered essential and 
interesting information about the engineering profession. While individuals may have personal 
values and moral frameworks that influence their ethical decision-making, as suggested above, the 
specific application of ethics in engineering requires knowledge and understanding of the ethical 
principles and considerations relevant to the field. We contend that engineering ethics constitutes 
a specialized body of knowledge that necessitates deliberate, focused, and empirical acquisition. 
Therefore, it cannot be assumed that engineers have some inherent ethical knowledge pertaining to 
their profession, even if they have some knowledge of personal ethics. This is because engineering 
ethics requires special knowledge due to its nature as a field of applied ethics. Hence, engineering 
students are required to learn about engineering ethics, thus the need for EEE. (For more about 
requirements vis-a-vis professional accreditation, see Chapters 32–36.)

EEE typically involves studying ethical theories (normative theories, for the most part; see 
Chapter 2), exploring case studies, and examining real-world examples of ethical dilemmas that 
engineers may face (Herkert et al., 2020; for more, see Chapter 20). It helps engineers develop the 
necessary skills to identify ethical issues and analyze their implications by identifying stakehold-
ers and relevant decision-making principles. Thus, they can make informed decisions considering 
society’s and stakeholders’ welfare. Teaching engineering ethics also involves imparting knowl-
edge about professional codes of ethics and regulations governing engineering practice. These 
codes provide specific guidelines and standards that engineers should follow to ensure responsible 
and ethical conduct in their work (for more, see Chapter 5).

While individuals may have different personal inclinations towards ethical reasoning, the eth-
ics education offered in engineering programs should foster a shared understanding and aware-
ness of the ethical responsibilities inherent in engineering practice. The primary goals of EEE 
are to increase student sensitivity to ethical issues (i.e., the ability to perceive and evaluate moral 
or ethical aspects and implications in a given situation), increase student knowledge of relevant 
standards, improve ethical judgment, and increase ethical commitment (Herkert, 2000; Davis, 
2006). Further, it may be stated that the EEE assists engineers in developing a common ethical 
framework and practical knowledge to navigate complex ethical situations. In other words, a sig-
nificant reason to justify that engineering ethics is, in fact, teachable is to examine whether there 
are tools that engineering students can be taught to use and to address ethical challenges in their 
future careers after engaging in engineering ethics learning experiences. For instance, instructors 
can use the ‘drawing the line’ methodology to explain the situation between accepting gifts and 
bribes (Harris et al., 2019). Furthermore, they can consider conflict resolution as a methodology 
to resolve two pressing facts – obligation towards the employer and ethical responsibility towards 
the public – when a question arises about whose well-being an engineer must protect (Feldhaus 
et al., 2015).

Acquiring knowledge and skills versus developing moral habits: 
Balancing technical expertise and character building

To understand how engineers can apply the ethics education imparted to them to their lived experi-
ence, we must examine the balance between two critical aspects of ethical competency: the opera-
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tionalizable, practical skills engineering students acquire and the habit-like tendencies cultivated 
in EEE. (For more on competencies and how to assess them, see Chapter 26.)

Gaining operationalizable, practical skills in engineering involves acquiring theoretical knowl-
edge and learning specific techniques as well as how and when to apply them. It is the kind of 
work that requires what the virtue philosophers often call craft, craftsmanship, or skill (ars, in 
Latin, or τέχνη in Greek, whence we get words like ‘artisan’ and ‘technique,’ respectively). Now, 
needless to say, one can be technically very good at engineering without being morally good. We 
can think of someone who possesses specialized engineering knowledge and an extensive array of 
technical skills that could – and would – design weapons of mass destruction or a technically flaw-
less concentration camp. The results of this person’s work would be technically good but morally 
reproachable. This person would be good in a very restricted sense (with respect to a specific kind 
of technique) but not absolutely speaking (Medeiros Ramos, 2021). Being morally good, or being 
a good engineer to be exact, involves understanding ethical principles, theories, and frameworks 
that can guide decision-making in engineering practice (see Chapter 2). It also involves cultivating 
ethical habits and tendencies that shape an engineer’s behavior and professional conduct.

Therefore, engineering ethics goes beyond mere theoretical knowledge and skill acquisition, 
which would only consider humans as makers or producers of artifacts or technology. It also 
involves the development of habit-like tendencies that influence an engineer’s behavior and which 
considers humans as doers or agents in a broader sense. Ethical habits are ingrained patterns of 
behavior that are ‘second nature’ and reflect an engineer’s character and values. These habits shape 
an engineer’s day-to-day decision-making processes and actions, guiding them towards ethical 
conduct even in situations where there may be ambiguity or conflicting interests. The ethical habit 
(or disposition) that must be acquired (in addition to theoretical knowledge and skill) is practi-
cal reasoning (φρόνησις or prudentia, as it was called by ancient Greek and European medieval 
philosophers, respectively), and this virtue can be acquired through education and experience 
(Medeiros Ramos, 2022). For example, ethical principles related to practical reasoning in engi-
neering can include a commitment to transparency and honesty in communication, a dedication to 
prioritizing safety and well-being, a proactive approach to addressing potential ethical concerns, 
and a commitment to continuous learning and improvement. Both aspects, theoretical knowledge 
and practical skills, as well as habit-like tendencies to act morally well, absolutely speaking, are 
essential in EEE and practice, as they work together to foster ethical awareness, responsible con-
duct, and the promotion of public trust in the engineering profession.

A conceptual framework for the purposes of EEE

The purposes of EEE are of several kinds, as reflected in the vocabulary already used for formu-
lating learning goals in practice. In this chapter, we try to systematically conceptualize the kinds 
of purposes that engineering ethics pedagogy could aim for. Thus, we are looking at existing and 
possible purposes that the scholarship on EEE did not focus on.

In proposing this framework for classifying the purposes of EEE, we think it is more interest-
ing to start from the normative approach. What should we strive for, even if we currently do not 
have the means to achieve this in educational practice? This approach is justified by the fact that 
our educational methods keep changing and improving, so the border between achievable and 
unrealistic keeps changing. Furthermore, if we know what we should strive for, we can alter our 
educational methods to pursue those goals or invent new methods. Yet, to see what is currently 
pursued and what is still missing, we first need a conceptual mapping of possible EEE goals that 
is as complete as possible.
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The possible purposes of EEE that we identified encompass the following categories: knowl-
edge, actions, personal traits, relationships, artifacts, and environments. We explain each category 
briefly and provide a summarizing table at the end. For each category, we also point at the kind of 
theoretical framework (in ethics or philosophy, more generally) used to posit such a goal, namely 
the normative grounds for having this as a purpose of EEE. When there are established pedagogi-
cal methods to achieve those purposes, we also list those.

Theoretical knowledge

This category includes all kinds of knowledge considered relevant for engineering ethics and that 
a student should acquire. This could contain anything from knowledge of ethical theories and 
principles to knowledge of values (definitions and operationalization), ethical decision-making 
principles, or codes of conduct. Anything that the student can memorize and learn counts here as 
knowledge. Knowledge can be further categorized and divided into Bloom’s taxonomy of learn-
ing levels based on the complexity of the cognitive tasks required, from understanding to more 
sophisticated tasks such as reflection and application (Bloom et al., 1956). The theory informing 
a knowledge-centered purpose for EEE is moral epistemology. This theory assumes, from Plato 
onward, that to perform a good action, one must first know what good is in that situation (Floridi, 
2013). Hence, knowledge must come before moral actions as a scaffold for them. In practice, a 
knowledge-focused approach is also informed by an assumption that engineers do not do what is 
right in certain circumstances simply because they do not know what the right thing to do is. Still, 
there is room left for discussion about what kind of knowledge is relevant in the ethical domain for 
engineers. Questions such as the following have not yet been answered in practice: Is knowledge 
of general moral principles enough? Should codes of conduct be the main thing future engineers 
learn? Should ethical theories be taught as a plurality, or is only one theory enough? Should the 
focus be on theories as decision-making tools or as paradigms to think with? Standard teaching 
methods in higher education will fit nicely with knowledge transfer as a purpose of EEE, such as 
commented texts, seminars, exams, essays, and lectures. Hence, knowledge acquisition needs to 
come before moral actions as a scaffold for them.

Action

This category starts from the assumption that we want to have ethics education in engineering 
programs to help students achieve and pursue the proper action in their specific context or, as some 
scholars put it, the right behaviors (Clancy & Zhu, 2023). Typically, for this class of ends, instruc-
tors would focus on contexts of action and the right actions for each context, analyzed through par-
adigmatic case studies. The case study–focused pedagogy (so-called microethics) falls neatly into 
this category. For example, one could teach starting from any engineering disaster (the Challenger 
explosion, the Rana Plaza collapse, the BP oil spill, the Tesla highway car crash, the VW defeat 
design, etc.1) and ask students what should have been done. There is no list of prescribed actions 
one should pursue, but there is a list of actions one should avoid, for example, taking bribes, over-
promising features, lying, cutting corners in design or execution, and so on. Meanwhile, positive 
actions could be truth-telling/speaking up, whistle-blowing, sabotaging a project doomed to hurt 
many, and so on.

The problem with developing a list of ‘positive’ actions to prefer is that these are always con-
textual and case related. We want to avoid prescribing concrete actions in general, such as whistle-
blowing, which should be only a last resort tactic. We also want to promote more constructive 
ways of disagreeing with one’s work environment. Thus, action-oriented pedagogy is highly con-
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textualized and relies on case studies. The list of desirable and undesirable actions remains open 
by default and cannot be prescribed in advance.

Action-oriented purposes for EEE assume that we want future engineers to do the right thing 
without caring how they arrive at this decision. They could do so by deliberation but also by being 
nudged into it; some biases and heuristics could be used to direct them (Clancy & Zhu, 2023), and 
hence, moral psychology would be a fitting framework (see Chapter 10). In moral psychology, we 
do not assume people to be rational agents. Instead, we describe their biases and heuristics and 
work with these as the starting material. While the question of how to achieve the right actions in 
the workplace can be pursued through various means, such as environment redesign, accountabil-
ity procedures, and so on, in the ethics classroom, we do not have these means. Ethics educators 
will rely on case studies as exemplary and discuss them, hoping that students learn from these 
cases and apply the lessons to similar future cases. Case-study pedagogy is relatively easy to teach 
and one of the favorite methods of EEE; however, it has its limitations, which have been discussed 
extensively (Martin et al., 2019; see Chapter 20). Another approach favoring action-taking cent-
ers on performative techniques such as role playing or improvisation (see Chapter 24). In these 
performative cases, students enact the behavior from their own perspective while not yet knowing 
the end result. From a moral psychology perspective, performative techniques have the advantage 
of being affect-infused, and thus more memorable for students.

Personal traits

Many learning goals for EEE are phrased in the language of competencies or skills, for example, 
the competencies proposed in the handbook by Ibo van de Poel and Lambert Royakkers (2011), 
which proposes the following: “Moral sensibility … Moral analysis skills … Moral creativity … 
Moral judgment skills …; Moral decision-making skills …; and Moral argumentation skills” (van 
de Poel & Royakkers, 2011, p. 2). The basic assumption here is that moral decision-making in EEE 
relies on some character traits that students do not have from the beginning and that these character 
traits need to be acquired and put into practice in the classroom so that students can take these 
along in their professional lives. Such character traits can be discussed regarding virtues, skills, 
and competencies. The idea is that what the right action is is hard to predict for each case anyway 
and that knowledge by itself is powerless in making students choose the right course of action, so 
we need to train students to become better at making moral decisions themselves by sharpening 
their skills in the ethical domain. Just like one cultivates and practices some skills for critical think-
ing, mathematical thinking, design thinking, and so on, one can be trained in the moral domain. 
The primary difference in this category is whether one pursues discrete skills and competencies or 
aims for more holistic virtues (see, e.g., Chapter 22).

Traditionally, EEE has focused on skills and competencies since these are easier to measure 
and, hence, to operationalize – while virtues remain a fuzzy ideal that many scholars call for 
(Harris, 2008; Frigo et al., 2021). However, there is a shortcoming to the skills-focused approach: 
one could have the competencies but fail to deploy them in the required context. Meanwhile, vir-
tues always have end-values embedded in them; hence, if one has the virtue of honesty, one cannot 
but act honestly when the time comes. The theory informing this purpose is virtue ethics – be it 
of the Western kind, such as Aristotelian or MacIntyre-ian, or non-Western, such as Confucian or 
Buddhist ethics (see Chapters 2 and 8). The fundamental assumption here is that the right char-
acter traits will lead to the best decision in a particular situation. Teaching such character traits is 
difficult in practice because the contact hours typically allotted in EEE settings are insufficient for 
shaping the character traits of students in the long term. Role-playing pedagogy has shown some 
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promise (Martin et al., 2019; Chapter 24), as it puts the student at the center of the moral scenario 
and asks them to act exemplarily in front of others.

Design/values in artifacts

Another possible approach is artifact-centered. In this one, we do not care about what kind of per-
sons the engineers are, nor what actions they undertake; instead, we look at the kinds of artifacts 
they create – what kind of apps, vehicles, bridges, processes, structures, or infrastructures they 
build – and we focus the moral scrutiny on these artifacts and the values embedded in them. As with 
actions, it is hard to prescribe a certain kind of design for the artifacts as universally recommended. 
Instead, we ask students to think about the values that should be embedded in their designs; from 
usability and transparency to privacy and justice, a plethora of values can be achieved (see Chapter 
12). The theories informing this kind of purpose are value-sensitive design (Friedman et al., 2017; 
Hendry et al., 2021), design for values (van den Hoven et al., 2015), ethics by design, and respon-
sible research and innovation (RRI). The pedagogical approaches for teaching this kind of purpose 
rely on students building artifacts themselves or evaluating others’ artifacts. Approaches such as 
challenge-based learning (Martin & Bombaerts, 2022) and project-based learning (see Chapter 21) 
suit this goal well, provided that there is a clear ethics reflection component to the project. Some 
recent approaches use the approach of tinkering – understood here as playing with physical materi-
als and modifying engineering artifacts - in order to embed certain values such as inclusivity, diver-
sity, and empathy in existing artifacts, going beyond the typical values of usefulness and efficiency 
which are pervasive in engineering designs (van Grunsven et al., 2024). In addition, it must be stated 
that students need some basic ethical knowledge (as in the first purpose, i.e., theoretical knowledge, 
see Chapter 2) about values and their operationalization to design with values in mind. Pedagogies 
centered around ethical design are increasingly popular at technical universities and are used on a 
wide scale in EEE pedagogy alongside case-study approaches (van Grunsven et al., 2021).

Transitioning from individualistic approaches to holistic approaches

All four kinds of purposes mentioned thus far seem to start implicitly from a sort of methodo-
logical individualism, by assuming the autonomy of engineers to decide what they do, who they 
are, what to know, and what to design. In positing such purposes, it is assumed that, if we teach 
individual students to pursue the right action, to have the right knowledge, and to acquire the right 
competencies, the world of engineering will benefit as a result. Yet, engineers do not act alone in 
the world: they function in teams, systems, and corporations. Engineering professionals interact 
perhaps just as much as they act as individuals. The individualistic assumption is based on how 
EEE pedagogy is set up practically: we teach classes of students, but we evaluate them individu-
ally. If the evaluation is always about the students as individuals, then it becomes difficult to create 
learning goals for groups. Granted, there are team assignments in EEE (especially the ones that are 
artifact-focused), but ultimately, we want each individual to play a part in the team and we strive 
to evaluate their performance fairly, separate from the team’s. This methodological individualism 
limits the formulation of possible purposes for EEE.

Moving away from the individualistic approach, we acknowledge the basic fact that engineers 
act embedded in networks of relations, in environments, in institutional structures, and cultural 
contexts. These networks fundamentally constrain what engineers can do, know, design, or decide. 
To account for this limitation, we can map out two more kinds of purposes: relational and environ-
mental purposes for EEE.
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Relations

Engineers work in teams, are placed in corporate hierarchies, and relate to their customers, employ-
ers, and society at large. What kind of relationships and relational networks should engineers strive 
to cultivate or enter? The answer can be further separated into qualities of relations and objects of 
relations.

 Qualities of relations encompass the kinds of relations that an engineer should strive to cul-
tivate in the workplace: equal or hierarchical, collaborative, respectful, honest, multi-networked 
(meaning to strive to create relations that connect various networks of stakeholders), other-oriented 
(as opposed to self-centered, or self-serving relations), and critical (meaning that one can create 
networks of relations that are truth-oriented and in which peers hold each other accountable). One 
easily notices that there seems to be an overlap with virtue ethics here, but instead of asking what 
kind of virtues one should cultivate in oneself, here one asks how to cultivate meaningful relations 
in the workplace that promote virtues in the interaction. Thus, one need not be honest as a person, 
but if one’s relations and networks are set up so that honesty is expected and encouraged in the 
interactions, the purpose is achieved. Theoretical frameworks that could inform the qualit y of 
relations end-goal are care ethics, Confucian ethics (Zhu, 2023), and workplace ethics (a smaller 
branch of business ethics; see, e.g., Chapter 11).

Objects of relations include care, maintenance, respect, equality, justice, and non-discrimina-
tion. This purpose is still relational but asks how to achieve specific group and societal values by 
enacting certain relations. Thus, the values are not instantiated by objects or artifacts but by rela-
tions. The relations could again be in the workplace (with one’s colleagues), but they primarily 
involve stakeholders and broader society. For example, an engineer aiming to promote the value 
of maintenance in one’s relations would probably think differently than an engineer focused on 
fostering maintenance through the objects one designs. In the latter case, one designs an object 
that is easy to maintain, with spare parts that can be easily found and replaced. Yet, in the former 
case, one thinks about the entire life cycle of the product and the people using it – how to make its 
usage less damaging, how to empower the end-users to engage in maintenance themselves, how 
to persuade society that it is easier to maintain rather than discard. All kinds of constellations of 
relations could be enacted to support maintenance as an end goal. A theoretical account to inform 
such a purpose could again be care ethics or Confucian ethics – or involve value theory.

Environments and systems

The term ‘macroethics,’ as coined by Herkert (2001), already encompassed how the practice of 
engineering has broad societal and environmental effects on our society. Do we need then to dis-
cuss the environmental effects of engineering? We think so because ‘environment’ here does not 
mean an ecological or natural category. Instead, it is intended to emphasize how the individual 
agents are connected – to each other, their artifacts, and the world around them. Environment 
as a concept captures this interconnectedness and mutual influence. In discussing the impact of 
engineering – as a profession – on the world around it, one could try to formulate purposes that 
do justice to this holistic view (see Chapters 7 and 9). One could strive for maintenance and non-
destruction of the world but also for awareness of how one’s actions affect the world. Another goal 
could be limiting suffering by creating systems that do not promote suffering or systemic oppres-
sion. Formulating concrete goals for this kind of purpose is notoriously difficult but worth trying. 
Still, one could argue that this environmental or systemic perspective should not be a goal for 
engineering education, and perhaps we should delegate it to the engineering profession as a whole 
by embedding it into ethical codes of conduct. Still, one should learn to think about the systemic 
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effects of one’s actions in the world, even as a student, because it may be too late to develop this 
awareness after graduating.

Several theories analyze the systemic nature of engineering ethics, such as science and tech-
nology studies (STS) or Luhmann’s systems theory (Fuchs et al., 2023). There are several non-
Western approaches particularly fitting for this scope, such as Buddhist ethics (Garfield, 2021; 
Bombaerts et al., 2023), Ubuntu philosophy (Mabele et al., 2022), and Buen Vivir (Estermann, 
2006; Kopenawa & Albert, 2013; Viveiros de Castro, 2014). Ubuntu and Buen Vivir are non-
Western traditions (from Africa and South America, respectively) centered on community – or 
on a more global perspective and a broader ontological scope – according to which humans, non-
human animals, and nature as a whole are seen as being at the same ontological (and moral) level 
(Ewuoso & Hall, 2019; Mabele et al., 2022; Kopenawa & Albert, 2013; Viveiros de Castro, 2014). 
These two approaches are more thoroughly discussed in Chapter 8, alongside Buddhist ethics.

All six types of engineering purposes mentioned here are found at various levels of abstraction, 
for an analytical purpose, but these levels are not isolated in practice, as they contribute to one 
another and can be incremental. For example, the pursuit of moral competencies such as moral 
perception can have a systemic effect if one also becomes aware of one’s systemic influence, or it 
can give rise to richer and more responsible relations. Artifacts designed with certain systemic val-
ues in mind can alter systems and shape the world we live in in ways that were not yet anticipated 
by their designers. There is interaction at stake between the systemic, relational, and individual 
levels, with the systemic level encompassing all previous ones. Table 1.1 summarizes our concep-
tual framework for dividing the types of goals for EEE.

Some practical questions

Who should teach engineering ethics?

In the engineering ethics literature, it has been widely debated who should teach engineering eth-
ics. Exploring such a question is crucial for understanding the purposes of EEE since the posi-
tionality, academic training, and disciplinary norms all potentially impact how engineering ethics 
instructors define and enact these purposes. In the United States (and other countries as well), 
historically, the qualifications desirable for someone to teach professional ethics, including engi-
neering ethics, have been unclear. Scholars have expressed concerns regarding both engineers and 
non-engineers (humanities and social sciences scholars) teaching engineering ethics. For instance, 
McGinn (2018) expressed concern about having engineering instructors cover ethical issues in 
engineering courses, as they often lack formal training in ethics – and thus, their consideration of 
ethical issues is likely to be “intuitive and not grounded in ethics fundamentals” (McGinn, 2018, 
p. 9). In addition to the concern about engineering educators lacking sufficient training in ethics, 
Newberry (2004) noted that most universities do not have a reward system that motivates engi-
neering faculty members to develop the background for ethics instruction. Therefore, the question 
becomes whether formal training or even degrees in applied ethics or philosophy should be con-
sidered indispensable for someone to teach engineering ethics. Barry and Herkert (2015) indicated 
that many engineering faculty members without formal training in either engineering or philoso-
phy have been teaching engineering ethics and trying to achieve course objectives.

There have also been concerns with philosophers or humanities scholars teaching engineering 
ethics. For instance, in an empirical study conducted by one of the co-authors of this chapter, a 
Chinese engineering faculty member summarized two significant limitations of solely relying on 
humanities and social sciences professors in the teaching of engineering ethics at his institution:
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One issue is that the number of humanities and social sciences faculty cannot fulfill the 
teaching requirement … Every year, our university recruits thousands of graduate students. 
As this [engineering ethics] course has become a required course for graduate students, 
even if one section can accommodate 200 students, we still need to have dozens of sections. 
In this sense, we are short of humanities and social sciences faculty who are able to fulfill 

Table 1.1 Our conceptual framework for dividing the types of goals for EEE.

Category of 
purpose for EEE

Examples from this category Theoretical 
frameworks fitting 
this purpose

Pedagogical 
approaches

Individualistic, token-oriented

Knowledge Moral knowledge: ethical theories, codes 
of conduct, values, ethical decision-
making procedures.

Moral 
epistemology

Bloom’s taxonomy 
of learning goals. 

Readings, seminars, 
exams, lectures.

Action Undesirable actions: taking bribes, over-
promising features, lying, cutting 
corners in design or execution, etc. 

Desirable actions: cooperation, truth-
telling, double-checking, preventive 
maintenance, talking to stakeholders, 
speaking up in a team.

Moral psychology
 

Case-study 
pedagogy 
(microethics), 
deliberation. 

Role-playing/
improvisations.

Personal traits Ethical skills or competencies (such as 
moral intuition, moral sensitivity, 
moral decision making, moral 
imagination) and virtues (honesty, 
determination, courage, etc.).

Virtue ethics 
(Western or 
Eastern) 

Role-playing/
improvisations.

Values in artifacts Values to be embedded in design. 
Negative constraints for design: dark-

patterns, deceptive or manipulative 
design, harmful designs.

Value-sensitive 
design/ethics 
by design

Challenge-based 
learning. 

Project-based 
learning. 

Any design-centered 
task.

Networked and holistic
Relationships Qualities of relations: equal, hierarchical, 

collaborative, respectful, honest, 
multi-networked, other-oriented, 
critical. 

Objects of relations: care, maintenance, 
respect, equality, justice, non-
discrimination.

Care ethics; 
Confucian ethics; 
workplace ethics; 
value theory

X

Environments 
and systems

World-maintenance, non-destruction of 
the world, awareness of impact on the 
system, limitation of suffering and 
oppression.

Buddhist ethics; 
Ubuntu 

philosophy; 
Buen Vivir; 
Systems theory; 
STS

X
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this teaching requirement. The other limitation with having humanities and social sciences 
faculty teach engineering ethics is that they tend to overly theorize engineering ethics. Such 
overemphasis on theorizing engineering ethics might be okay to students with [a] good 
humanities and social sciences background. However, for the majority of engineering stu-
dents, their humanities and social sciences background is weak. These students will have 
challenges learning engineering ethics and keeping pace with the instructor. Finally, there 
will be some negative emotion towards engineering ethics among these students. 

(Zhang & Zhu, 2021)

Barry and Herkert (2015) suggested that, in addition to engineers and moral philosophers being 
considered qualified for teaching engineering ethics, instructors trained in interdisciplinary 
fields such as the history of science and technology, technical communications, and science 
and technology studies should also be considered qualified – insofar as they are enthusiastic 
about discussing ethical issues in and the social implications of engineering. Barry and Herkert 
(2015) did not specify that faculty from those interdisciplinary fields need engineering expertise. 
However, their training programs often expect a basic understanding of engineering, ensuring 
these individuals are equipped for interdisciplinary exploration of themes connecting engineer-
ing and technology. Again, the question of who is qualified to teach engineering ethics is highly 
debatable; however, the diverse backgrounds of engineering ethics instructors will undoubtedly 
influence how they conceptualize ethical issues and prioritize ethical learning outcomes. These 
diverse backgrounds will also influence how they understand and explain EEE’s general and 
specific purposes. In the following section, we delve into these concerns by examining the per-
spectives, interests, and expectations of university faculty members and other key stakeholders 
involved in EEE.

Who decides on the purposes of EEE?

This section reflects on the multiple stakeholders of EEE, including the broader social, cultural, 
and political contexts in which they are situated. These stakeholders shape how EEE is created and 
the purposes of EEE are formulated. More specifically, this section discusses the primary stake-
holders for EEE, including their values, motivations, and needs for promoting EEE. Doing such an 
analysis allows us to understand better the social forces that help shape the definition and imple-
mentation of EEE purposes. By considering the potential stakeholders of EEE beyond students and 
teachers, we see that academic institutions, professional organizations, industry stakeholders, and 
ethical experts can all evaluate their respective roles and responsibilities in shaping the purposes 
of EEE. Various stakeholders have always advocated for engineering ethics, and EEE should thus 
be considered a collaborative effort.

The purposes of EEE are often considered integral to the professional formation of engi-
neers, and academic institutions are typically considered responsible for transmitting theoretical 
knowledge and technical skills to students (at least at the outset of students’ engineering careers). 
Engineering ethics is thus taught as an indispensable part of engineering curricula in most uni-
versities and colleges (and global accords and accreditation standards play a significant role; see 
Chapters 32–36). Academic institutions have a crucial role in providing foundational knowledge 
and offering dedicated courses or modules on engineering ethics. As noted above, faculty members 
with different backgrounds may perceive the purposes of EEE differently. For instance, professors 
and instructors in engineering departments may consider that a significant purpose of EEE is to 
teach students practical skills for solving ethical problems in the workplace – comparable to using 
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scientific and technological skills to solve engineering problems. Thus, many of them incorporate 
ethical discussions (Chapter 25), case studies (Chapter 20), and ethical decision-making frame-
works (Chapter 2) into their teaching of technical content.

In contrast, ethicists, philosophers, and professionals with similar expertise and background 
in ethics may consider teaching other aspects of morality – such as moral reasoning skills, moral 
sensitivity, and moral tendencies, which are key concepts in humanities and social sciences – to 
be the purposes of EEE. Their insights and knowledge can provide a deeper understanding of 
ethical theories, frameworks, and reasoning processes. Nevertheless, raising difficult ethical ques-
tions and teaching students how to address them should not be relegated to the ‘token ethicist’ 
or philosophy instructor but should be embraced by most – if not all – engineering instructors. 
Collaboration among experts can enrich the teaching of engineering ethics and ensure a compre-
hensive exploration of ethical issues.

There are, however, other stakeholders who play an essential part in shaping what should 
be the purposes of EEE. Professional engineering organizations, such as the National Society 
of Professional Engineers (NSPE) in the United States or the Institution of Engineering and 
Technology (IET) in the United Kingdom, often consider the application of professional codes 
of ethics as a central purpose for EEE. They develop and promote codes of ethics specific to the 
engineering profession. These organizations can contribute to teaching engineering ethics by offer-
ing guidance, resources, and training programs for engineers. They can – and often do – organize 
workshops, conferences, and seminars focused on professional ethical issues in engineering, often 
made explicit in codes of ethics (see Chapter 5).

In addition, employers in the engineering industry also influence and help interpret and shape 
the purposes of EEE. Their understanding of the purposes of EEE often emphasizes the role of 
engineers in reconciling their professional responsibilities, corporate social responsibility (CSR), 
and ethical obligations arising from their role as employees. These industry players play a crucial 
role in EEE by integrating ethics into their onboarding processes and continuing professional 
development programs. Employers can provide case studies and scenarios relevant to their specific 
industry to help engineers apply ethical principles to real-world situations.

All in all, collaborative efforts among academia, professional organizations, and industry 
should be favored as they can enhance the teaching of engineering ethics and provide diverse 
approaches to the purposes of EEE. Joint initiatives can be established to develop curricula, share 
best practices, create case studies, and facilitate discussions on ethical considerations in engineer-
ing practice.

Concluding remarks and future directions

Defining the purposes of EEE holds paramount significance for the engineering education commu-
nity. It is problematic and potentially dangerous when engineering educators design ethics-learning 
activities without critically examining the purposes of these activities and assessing whether these 
purposes are justified for educating ethically and professionally competent engineers. Failing to 
consider the purposes of EEE can lead to adverse outcomes. At a minimum, it can undermine the 
effectiveness of teaching engineering ethics, manifesting as a misalignment between the curricu-
lum and the purposes of EEE. At its most severe, the omission of certain elements from students’ 
learning experiences can have far-reaching consequences. These consequences can range from 
immediate (depending upon, e.g., whether specific learning activities prioritize moral reasoning 
over moral empathy), to more enduring impacts (e.g., the cultivation of moral identity, values, and 
lifelong ethical development).
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The actual purposes of EEE are closely tied to the contextual and sociocultural milieu. To put it 
differently, these purposes are frequently shaped by the values and ideologies of various influential 
collectives and entities. Accreditation bodies, professional societies, industries, engineering facul-
ties, and individual educators each possess their own political agendas and motives for shaping these 
objectives. The multi-dimensional framework we constructed for this chapter (Table 1.1) can help 
educators reflect on the purposes and objectives embedded in the ethics learning programs designed 
by themselves and others – so that their programs encompass the theoretical foundations and peda-
gogies that enable these objectives. In other words, such a framework can facilitate educators in 
attaining alignment among the purposes of EEE, theoretical foundations, and pedagogies they use.

The purposes of EEE are socially constructed and vary from country to country based on unique 
historical, political, and cultural contexts (for more on this, see Chapters 32–34). The analytical 
framework we – a group of scholars hailing from diverse cultural backgrounds – have constructed 
and presented (Table 1.1), embraces both the individualistic and holistic aspects of EEE, incorpo-
rating perspectives from both Western and non-Western traditions. It can function as a comprehen-
sive framework for delineating, implementing, and evaluating the purposes of EEE, catering to the 
needs of engineering educators and policymakers globally.

We recommend future research to explore the purposes of EEE including (1) how engineering 
educators and policy-makers perceive their own purposes for EEE; (2) the extent to which these 
purposes influence curriculum, teaching methods, and policy formulation; (3) how the diverse pur-
poses in the engineering education ecology align with students’ values and aspirations in the engi-
neering profession; and (4) how different EEE purposes can synergize to develop well-rounded 
engineers capable of working across cultures.
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1 Several examples of cases discussing engineering action and behavior can be found here: https://search 
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Introduction

Ethical theories analyze and justify what is morally right and wrong. Ethical theories, therefore, 
are normative theories that provide the systematic basis of arguments and viewpoints from which 
moral issues can be discussed. Within the context of engineering ethics education, Haws (2001, p. 
226) claims that ethical theories “provide a more logical, systematic format for the resolution of 
ethical dilemmas.” Martin and Schinzinger (2004, p. 81) define them as “attempts to provide clar-
ity and consistency, systematic and comprehensive understanding, and helpful guidance in moral 
matters.” Mastering at least the basics of important ethical theories is meant to enable students to 
reach the core aim of engineering ethics education, namely developing ‘ethical competence,’ that 
is, the ability to understand and solve ethical issues in the student’s field of work based on well-
reasoned ethical arguments and judgments as well as developing a corresponding personal ethical 
attitude for acting responsibly (Andersson et al., 2022; Franck, 2017) – although it should be noted 
that different conceptions of ‘ethical competence’ emphasize different components (Franck, 2017).

Although ethical theories provide a necessary normative framework to address moral questions, 
it is a matter of debate whether to use them in teaching engineering students. This debate is unfold-
ing differently in different geographical regions and cultural traditions. In terms of engineering 
ethics education, the connection between cultural and ethical values (Alas, 2006) means that the 
degree to which ethical theories are adopted within different geographical regions depends upon 
various contextual factors, including educational systems and accreditation bodies. For example, 
within Great Britain, where the first professional engineering societies were formed, practition-
ers developed the first code of professional ethics, which was later used as a model for codes 
within the United States, and upon which the first US ethics textbooks were based (Didier, 2015). 
In comparison, “such codes are much less important in Europe than in North America” (Didier, 
2015, p. 89). In Europe, engineering ethics is generally considered “an interdisciplinary reflec-
tion at the crossroads of professional ethics, the human and social sciences, and the philosophy of 
technology” (Didier, 2015, p. 87), and the development of engineering ethics was initially based 
on feelings of social responsibility, drawing upon insights from Science and Technology Studies 
(STS) (Polmear et al., 2019). Accordingly, engineers are placed within a complex system where 
technologies are developed in collaboration with other actors (Didier, 2015). Indeed, during their 
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cultural comparison of macro-ethics teaching practices and perceptions in engineering, Polmear 
et al. (2019) found that US educators primarily taught codes of ethics, ethical design, and safety 
– and focused on an individualistic micro-ethical approach. Likewise, Hess and Fore (2018, p. 
551) highlighted “that the most common methods for integrating ethics into engineering involved 
exposing students to codes/standards, utilizing case studies, and discussion activities.” Although it 
should be noted that the consistent formulation and justification of professional codes still require 
a philosophical framework in terms of ethical theories, it is well worth asking if it is necessary to 
include this framework in teaching – or if referring to professional codes is already sufficient for 
students to develop ethical competence and an ethical attitude.

In this chapter, we will first provide an overview of the principal ethical theories used in engi-
neering ethics education – namely consequentialism, deontology, and virtue ethics – before dis-
cussing contemporary aspects of the philosophical and ethical debates surrounding them. We will 
then provide a brief overview of several underrepresented ethical theories and approaches, includ-
ing contractarianism and contractualism, care ethics, and discourse ethics (for an in-depth look 
at non-Western ethics, see Chapter 8) to paint a richer picture of how ethical theories could con-
tribute to improving ethical competence among students. We will ultimately provide a summary 
of common problems or barriers that engineering students encounter when learning about ethical 
theories. The chapter concludes by discussing the need to use ethical theories when teaching engi-
neering students, if one sees ethical competence as the primary learning goal. We begin by describ-
ing our shared perspective as authors.

Positionality

Two philosophers specializing in applied ethics (Michael and Rafaela) and two engineering aca-
demics with backgrounds in ethics (Natalie and Ester) authored this chapter. We share an interest 
in fostering responsible engineering in teaching. Based on influential ethics literature and years of 
experience teaching ethics to engineering students, we intend this chapter to provide an overview 
of ethical theories and their use within engineering ethics education for engineering teachers, stu-
dents, and practitioners.

Ethical theories prominently used in engineering ethics education

Consequentialism and utilitarianism

Consequentialism is an ethical theory that places the consequences of an action at the center of 
ethical judgments. Every time we make a choice, we should choose the option that produces the 
best overall consequences, and only this option can be considered morally right or obligatory 
(Sinnott-Armstrong, 2022). Utilitarianism is considered a prime example of consequentialism. 
According to utilitarianism, an act is morally right only if its consequences create the most ‘utility’ 
(Driver, 2022). Note that the notion of ‘utility,’ including the idea of ‘best’ consequences, is not 
itself morally qualified but points to a non-moral understanding, for example, people’s happiness 
or the maximum fulfillment of their particular interests or preferences.

When referred to in engineering ethics education, utilitarianism is typically taught based on 
the first two of its three classical authors as identified by van de Poel and Royakkers (2011, pp. 
78–89): Jeremy Bentham (1748–1832) (Bentham, 1789); John Stuart Mill (1806–1873) (Mill, 
1861); and Henry Sidgwick (1838–1900) (Sidgwick, 1909). Classic utilitarianism’s axiology, that 
is, the notion of goodness that is supposed to be maximized, is happiness. Hence, the classic utili-
tarian slogan: ‘The greatest happiness for the greatest number.’ Happiness is, in turn, defined in 
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hedonistic terms of feelings of pleasure, as opposed to pain. Bentham thought pleasure and pain 
can be measured quantitatively, for example,concerning their intensity or duration. Mill rejected 
this claim and argued for a qualitative distinction between higher and lower pleasures, asserting 
that higher pleasures (e.g., engaging intellect, moral reasoning, or aesthetic appreciation) are nec-
essary and preferable to lower ones (e.g., bodily sensations or sensory gratification) concerning 
human happiness. In any case, if happiness could be measured, it would be possible to determine 
the morally ‘right’ choice using an approach similar to a cost–benefit or risk–benefit analysis 
(Pantazidou & Nair, 1999, p. 206).

Yet, things are not that simple. For instance, the idea of maximizing goodness fails to address 
the question of how pleasure and pain should be distributed among different people, which is 
why utilitarianism has been criticized for failing to include a convincing notion of (distributive) 
justice (van de Poel & Royakkers, 2011, p. 86f). Moreover, calculating the consequences of each 
action individually – which would be act utilitarianism – easily leads to counterintuitive results. 
For instance, it would imply that it is morally obligatory to kill an innocent person if doing so 
avoids a worse outcome (Smart & Williams, 1973, p. 98f). In comparison, rule utilitarianism 
is intended to avoid such counterintuitive implications, as it focuses not on individual decisions 
or actions but on rules and the consequences of their general adoption. Accordingly, a rule that 
allows killing innocent persons for the greater good cannot be considered as producing the best 
consequences because no one could feel safe anymore. Therefore, what we morally ought to do 
depends on whether an option falls under a rule that, when generally adopted, produces the best 
overall consequences.

Deontology

In contrast to consequentialism, deontology rejects the moral importance of consequences. 
According to the most influential deontological author, Immanuel Kant (1724–1804), conse-
quences do not matter morally at all (Kant, 1785, 1797). The moral quality of an action is instead 
a question of the action’s inherent quality and our good ‘will,’ that is, our intention, which, in turn, 
is determined by whether we could think of, or could want, this course of action being taken up by 
everyone in similar circumstances. In Kant’s famous words of the first formula of the categorical 
imperative: “act only according to that maxim through which you can at the same time will that 
it become a universal law” (Kant, 1785, p. 71). Put simply, the question is: ‘What if everyone did 
this?’ Note that this question is not meant to invoke consideration for the actual consequences if 
everyone acted accordingly but whether the respective principle of action (maxim) is reasonably 
acceptable to everyone.

To illustrate the categorical imperative, Kant discussed the moral permissibility of lying. 
Imagine if one were to ask themselves whether it is morally permissible for them to lie to avoid 
an uncomfortable situation. If everyone were morally allowed to lie, successful lying would be 
impossible because lying exploits (and, therefore, depends on) honesty. Only if people assume 
honesty as morally required (i.e., precisely presupposing a moral obligation not to lie) can one 
successfully lure people into believing one’s lie. Hence, the maxim to be allowed to lie implies 
both the permissibility to lie (‘I want lies to be allowed’) and its impermissibility (‘I want people 
to believe me, so I want lies not to be allowed’) – a logical contradiction, which is why the maxim 
does not stand Kant’s test of the categorical imperative, and lying is, therefore, morally wrong.

Kant’s ethics is typically taught with a focus on the first two formulas of the categorical impera-
tive (van de Poel & Royakkers, 2011, pp. 89–95), where the second formula emphasizes respect 
for people’s autonomy: “So act that you use humanity, in your own person as well as in the person 
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of any other, always at the same time as an end, never merely as a means” (Kant, 1785, p. 87). 
The crucial point here is to understand that instrumentalizing others is not morally impermissible 
as such but only if it is done without respecting the others’ autonomy (“merely as a means”). Put 
simply, and relating to the first formula, the question is whether everyone can autonomously (i.e., 
freely and reasonably) agree to the underlying principle that defines the particular social interac-
tion (more currently, Rawls’s (1971) contractualism has Kantian roots; see below). For instance, 
instrumentalizing others in the workplace is morally unproblematic as long as everyone freely and 
reasonably agrees to the particular conditions of working together – which is why forced labor 
and unfavorable working conditions that take advantage of someone’s dire situation are morally 
wrong. Respecting people’s autonomy, thus, provides an additional important aspect when apply-
ing Kant’s ethics in engineering practice.

However, like utilitarianism, Kant’s ethics may lead to counterintuitive results. For instance: 
Would it not be morally required to lie to save an innocent person from a potential murderer?

Consequentialism/utilitarianism and deontology revisited

When it comes to using ethical theories in teaching engineering students, referring only to their 
classical versions is somewhat problematic. In the case of utilitarianism, practically all its features 
have been subject to criticism and substantial revision (Sinnott-Armstrong, 2022). First, classic 
utilitarianism’s hedonism has been criticized because feelings of pleasure and pain are notoriously 
hard to measure, especially for interpersonal comparison. Newer suggestions for utilitarianism’s 
axiology propose desire fulfillment, interest realization, or preference satisfaction. Each of these 
suggestions has different implications for maximizing goodness. For instance, a person might want 
ice cream but would prefer not to gain weight, while eating a salad would be in their best interest.

Second, the notion of consequences needs refinement. How much into the future should one 
consider the consequences of one’s actions? Moreover, the kind of consequences that one needs to 
consider should also be specified. As the actual consequences are not yet known, we can question 
whether to consider intended consequences, consequences that a person can foresee, or those that 
may be regarded as reasonably foreseeable.

Third, the idea of maximizing good consequences has also been contested. Given the complex 
challenges of measuring and predicting the consequences of one’s actions: Why not opt for con-
sequences that are taken to be good enough? Accordingly, some newer versions of utilitarianism 
opt for a satisficing principle.

Hence, following the current ethical debate, consequentialism/utilitarianism is not one clearly 
defined ethical theory but, rather, allows for a wide variety of different versions – each differing in 
their specification of core claims and accompanying arguments. Yet, engineering students rarely 
get to know this lively debate – with its intricate arguments and specifications – and are usually 
left with an outdated understanding.

Such shortcoming is also visible in the case of deontology. Concerning Kant’s ethics, questions 
have been raised if there can be really no moral dilemmas, that is, conflicting moral duties with-
out a moral solution, as Kant claimed (Kant, 1797, p. 50; McConnell, 2022). This has led to the 
concept of prima facie duties (van de Poel & Royakkers, 2011, pp. 93–95; Ross, 1930), which are 
weighed against each other to determine one’s actual moral duty. The discussion of moral dilem-
mas is regularly used in teaching ethics and has also, for example, spun a public debate about how 
autonomous cars should behave in so-called trolley cases, in which a decision needs to be made 
as to who should be killed if there is no option to save everybody (Foot, 2003, p. 23; Thomson, 
1986, p. 80f). Discussions in class and public debates are then usually focused on determining the 
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‘right solution.’ However, if trolley cases are real moral dilemmas, then there is, per definition, no 
single correct solution. Yet, it should be emphasized that trolley cases are used for a very different 
purpose in philosophical debate. Instead of seeking the ‘right solution,’ the philosophical goal is 
to analyze which aspects bear how much weight, if any, in moral analysis. For instance: Does it 
make a difference in moral judgment if trolley cases involve actively killing someone or letting a 
person die? The philosophical aim here is to make progress in analyzing the conceptual difference 
and moral weight of actions in comparison to omissions – not in finding the ‘right solution.’ Hence, 
the way these cases are typically discussed in public debate and engineering classes is misguided.

Moreover, Kant’s ethics raises questions about how exactly the categorical imperative works 
as a universalizability test in practice, e.g., whether different specifications of one’s maxim may 
already lead to different results (Korsgaard, 1996; O’Neill, 1989). For instance, it makes a differ-
ence if I characterize my maxim as ‘I lie if it suits my needs’ or rather as ‘I lie if I consider the 
situation as socially unbearable.’

Finally, Kant had a narrow understanding of autonomy solely regarding moral autonomy, i.e., 
our ability to give ourselves a moral law of action. Current ethical debate has broadened the notion 
– now referring to personal autonomy – to emphasize that respecting people’s autonomy is not con-
fined to respecting their ability to act from a universalizable moral principle but also encompasses 
respecting their ability to make autonomous choices in their personal life (Christman, 2020). Most 
prominently, this Kantian idea has been introduced as one of four ethical principles in biomedical 
ethics and further explained in terms of patients needing to give their informed consent based on 
their own individual perspectives and personal values (Beauchamp & Childress, 2019, ch. 4). All 
these elaborated current discussions about Kant’s ethics draw a much more fine-grained picture of 
deontological ethics than merely explaining Kant’s categorical imperative.

The outcome is that engineering students typically fail to learn how critical ethical reflection 
and argumentation contribute to making ethical progress – both within one strand of ethical theo-
rizing and concerning the controversy between different ethical theories. Yet, this capability of 
engaging in ethical argumentation and forming well-considered ethical judgments based on state-
of-the-art insights is a crucial aspect of ethical competence. Accordingly, including current ver-
sions of ethical theories and debates in teaching engineering students would enable students to 
better understand critical ethical thinking and, thus, improve their ethical competence.

Virtue ethics

Deontological and consequentialist ethical theories share one fundamental assumption: morally 
right and wrong are distinguished by judging actions, whether these are subject to specific general 
standards (deontology) or based on their consequences (consequentialism). In everyday life, we 
often use moral judgments differently: instead of actions, we judge the acting person. So-called 
virtue ethics takes this as a starting point and focuses on the acting subject, that is, the person who 
is morally responsible. Virtue ethics is primarily concerned with the question of cultivating moral 
character. Its focus is on how to be a good person and less on defining morally right (or wrong) 
actions. Apart from care ethics (see below), other ethical theories discussed here focus on the lat-
ter. Virtue ethics thus provides a different approach to teaching engineering ethics. Its basic idea 
when looking at actions is that one reliably acts morally right or good once one has acquired a 
moral character: a person who is good acts well.

Virtue ethics approaches were popular in antiquity (with philosophers such as Plato and 
Aristotle) and throughout the centuries in non-Western thought (particularly in Confucian and 
Buddhist traditions). While virtue ethics took a backseat to other ethical theories in Western phi-
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losophy after the Enlightenment, this changed in the mid-twentieth century with influential pub-
lications by, for example, Anscombe (1958), MacIntyre (1981), and Hursthouse (1999). Virtue 
ethics has proven itself as a theoretical alternative to deontology and consequentialism and plays 
an increasing role in applied ethics. For medical, care, or business applications, virtue ethics seems 
to be a fairly well-established alternative to address moral questions (Oakley & Cocking, 2001). 
In comparison, in engineering ethics and ethics of technology, virtue-based approaches have only 
gained prominence more recently (Frigo et al., 2021; Steen, 2013; Vallor, 2016) and remain less 
utilized than utilitarian or deontological positions (Pierrakos et al., 2019).

In virtue ethics, notions like the ‘good’ or ‘virtuous’ engineer are central (Harris, 2008). Virtues 
refer to the characteristics of a (moral) character and are character traits in the sense of deeply 
rooted dispositions to direct one’s actions and thoughts in a certain way. They can be trained and 
cultivated. Thus, a virtuous character trait develops gradually from a full study and exercise of 
‘right’ actions. The virtues are excellences of character in their own right. Their value is not meas-
ured solely by the fact that they serve to implement the right actions. Instead, they are intrinsically 
valuable to those who cultivate them. It is this latter point that distinguishes virtue ethics from 
other ethical theories. Admittedly, all ethical theories may include the idea of virtues in the simple 
sense of good character traits, just like including references to consequences or rules (Hursthouse 
& Pettigrove, 2022). However, when utilitarianism or deontology refer to virtues, these are merely 
of instrumental value in ensuring that people act morally. Only virtue ethics places virtues front 
and center.

Virtue ethics is primarily concerned with the how of the morally right or good, not primarily 
with the what. Aristotle, a classic virtue ethicist, saw the highest human goal in realizing eudai-
monia, often translated as happiness or well-being but referring to a more encompassing idea of 
flourishing as a human being. Similarly, in Confucian and Buddhist traditions, a full human life 
is tied to possessing and cultivating particular virtues. Hence, training the virtuous engineer or 
spelling out any virtues must give some account of a well-lived human life. Although concrete 
manifestations of virtues (as well as the incorporation and exercise of virtues) may change with 
the context, virtue ethics is rooted in a conception of human nature or human flourishing and is, 
therefore, decidedly non-relativistic. It is universal at its core (Vallor, 2016, p. 50).

All versions of virtue ethics involve a concept like the ‘Aristotelian mean’ that emphasizes 
the right measure for certain things. The virtuous state is an intermediate ground between two 
extremes, a ‘golden mean’ (Aristotle, EN, pp. 1106a26–b28). For instance, the classic virtue of 
courage lies between cowardice and rashness. Where exactly this intermediate between the two 
bad extremes lies depends on many contextual factors. To become virtuous, it is necessary to 
repeatedly identify the ‘golden mean’ in different situations and act accordingly. The virtuous per-
son can do so reliably through another virtue, which Aristotle called phronesis, that is, a learned 
practical wisdom to judge situations and determine the required action correctly. Such practical 
wisdom also helps deal with the uncertainties of the threats and promises of technological develop-
ments (Frigo et al., 2021; Hillerbrand & Roeser, 2016).

The fact that virtue ethics must presuppose some account of a good human life is often seen as 
a challenge, especially in modern societies with their multitude of different ways of life and val-
ues. This presents a particular challenge for the ethics of technology when, in principle, an ethical 
account needs to bind present and future generations with very different cultural backgrounds all 
over the globe. Contemporary virtue ethicists like Vallor (2016) answer this challenge by draw-
ing on both Western and non-Western accounts of the good life. Vallor suggests a list of techno-
moral virtues: honesty, self-control, humility, justice, courage, empathy, care, civility, flexibility, 
perspective, magnanimity, and technomoral wisdom. Before Vallor, non-anthropocentric environ-
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mental ethicists suggested virtue ethics to deal with the negative impacts of modern technologies 
(Sandler & Cafaro, 2005). Many of these ecological virtue ethics build on Aldo Leopold’s and 
Henry David Thoreau’s land ethics and have rather far-reaching implications; they are grounded in 
assumptions concerning the good human life (Wensveen, 2000). An anthropocentric virtue ethics 
for the technology era was suggested by Höffe (1993) in his synthesis of Kantian and Aristotelian 
approaches. Next to classical Aristotelian virtues, Höffe advocates two ecological virtues to deal 
with the ecological threats that modern technologies may pose:

 1. The virtue of ecological serenity as intermediate between human hubris, which sees nature 
as entirely amenable for human interests, on the one side, and an acquiescence of natural 
threats and hazards, on the other.

 2. The virtue of ecological prudence as an intermediate between humility and the wish for the 
fulfillment of each and every need.

Due to their context-sensitivity and their focus on the moral subject (i.e., the engineer, those regu-
lating the development and use of technology, or those using technological artifacts), virtue ethics 
adds substantially to developing and improving ethical competence among engineering students.

Care ethics

Nair (2005, p. 695) describes care ethics as highlighting “the importance of responsibility, con-
cern, and relationship over consequences (utilitarianism) or rules (deontology).” Although respon-
sibility is central in engineering ethics, it was not until recently that care ethics was taken up in 
(teaching) engineering ethics and ethics of technology (Campbell et al., 2012; Frigo et al., 2023; 
Pantazidou & Nair, 1999).

Originally developed as an alternative to traditional Western ethical approaches by psycholo-
gist C. Gilligan and philosopher N. Noddings, contemporary care ethicists like Tronto (1993) see 
care ethics more as an augmentation of classical approaches. However, all versions of care ethics 
share a critique of traditional (Western) ethical reasoning with its focus on generalizations and 
abstract moral objects and subordinate elements as (at least partially) incomplete; they build on an 
unwarranted assumption about the nature of moral relations, namely equality. Care ethics asserts 
that moral relations extend beyond interactions among equals to encompass relationships between 
individuals with unequal power or circumstances, often involving parties who did not voluntarily 
enter these relationships. For instance, children find themselves with parents they did not choose. 
Similarly, individuals such as workers in coal mines may be dependent on their employers and 
industry in ways they have not autonomously chosen (Groves et al., 2021).

Care ethics takes concrete human relationships and their asymmetries as a starting point. 
Consequently, the moral subject “is conceived as a relational self, one that is constituted in part 
by relationships important to a person’s identity” (Kittay, 2011, p. 53). Moreover, care ethicists 
share a sensitivity to the context-dependent features of the situation, which renders some parts of 
ethical reasoning irreducibly particular and non-universalizable. Every person comes with their 
own context and their very own specific history and identity. Care ethics contends that moral 
deliberation requires not reason alone but also empathy, emotional responsiveness, and perceptual 
attentiveness.

One line of integrating care ethics into the ethics of technology is via technological design. 
While van Wynsberghe (2013) explores the role of care in the design of robots, more recent work 
considers energy ethics (Frigo et al., 2023) as well. Van Wynsberghe and Frigo et al. suggest care 
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ethics as a normative framework for Value Sensitive Design (VSD) (for more on VSD, see Chapter 
22). Michelfelder et al. (2017) explore the concept of Caring Design (Flower & Hamington, 
2022). Other lines of reasoning have explored the role of care ethics in Responsible Research and 
Innovation (RRI) (Pellé, 2016). Groves (2014) links responsibility to care in intergenerational 
perspectives, while others approach the link between care and engineering responsibility broadly 
(Campbell et al., 2012) and care as a guiding principle for (teaching) engineering ethics per se 
(Kardon, 2005; Pantazidou & Nair, 1999).

Ethics of care has been criticized for being limited in its moral scope as it seems confined 
to intimate settings and close-kind relationships (or at least between human beings who interact 
directly). However, within environmental ethics, care ethics has been shown to extend to other 
sentient beings (Warren, 2000). Tronto (2013), and others have argued that care ethics can tread 
into areas such as the political realm, especially where practices of justice are inadequate to cover 
a situation’s contextual and narrative complexities.

Contractarianism and contractualism

A general challenge for ethical theories is that they often include controversial assumptions. For 
instance, utilitarianism must defend its axiology, that is, what should count as goodness. Likewise, 
virtue ethics must defend its account of what may count as a good human life. In contrast, contrac-
tarianism is an ethical theory that explicitly tries to avoid controversial assumptions and merely 
takes rational self-interest and bargaining power as its starting point (Cudd & Eftekhari, 2021). The 
classic example is Thomas Hobbes’s (1588–1679) Leviathan (Gauthier, 1986; Hobbes, 1651). The 
basic idea is that only those social norms that are in the rational self-interest of individuals may be 
regarded as justified and, thus, morally legitimate. For instance, people have a rational interest in 
not getting killed against their will. To ensure that one can live safely, it is more efficient to have a 
social norm in place that generally forbids murder than to take care of one’s protection individually. 
Of course, it must be ensured that everyone adheres to the norm, which is why Hobbes has added 
the figure of Leviathan, a supreme ruler with absolute power to guarantee people’s compliance. 
Thinking about what is morally obligatory or permissible, then, boils down to analyzing whether 
one’s options fall under a norm that is in people’s rational self-interest and that can be sufficiently 
enforced. As a result, contractarianism only comprises a few basic norms that can be backed up by 
people’s bargaining power, like prohibitions against killing and harming others at will.

Contractualism also refers to rational self-interest and includes the idea of ensuring a reason-
able or fair outcome (Ashford & Mulgan, 2018). Most prominently, John Rawls (1921–2002) 
developed this idea regarding what constitutes a just society (Rawls, 1971, 2001). The primary 
(Kantian) idea is that rational, self-interested people must decide on the basic structure of soci-
ety without knowing their place in it or anything about their own person (e.g., their interests, 
capabilities, or personal values). They must deliberate behind a veil of ignorance (Rawls, 1971, 
pp. 12–19), which ensures a fair outcome. Accordingly, moral contractualism (Scanlon, 2000) 
involves thinking about whether any option of how to act may fall under a fair (moral) rule and, 
thus, cannot be reasonably rejected.

The contractarian and contractualist ideas of rational self-interest, fairness, and the possibility 
of reasonable rejection add further aspects for engaging in critical thinking about ethical questions. 
Any engineering project implies drafting a ‘contract’ where each of the elements to be developed 
are perfectly defined; contractarianism and contractualism emphasize not only the importance of 
the contract itself, but also the importance of why it has been drafted and the conditions under 
which it has been drafted.
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Discourse ethics

Discourse ethics may be depicted as a variant of deontology. The term refers to ethical theories 
that determine morally right arguments by whether they adhere to specific rules of rational dis-
course. Discourse ethics originated in the German-speaking world (Apel, 1990, 1999; Habermas, 
1983). Both Apel and Habermas viewed discourse ethics as a shift away from Kant’s philosophy 
of the subject, that is, of the constituents of ourselves as individual human persons, resulting in 
an ethics of individual conviction, towards an ethics of responsibility toward others and the world 
as a whole. This transition, exemplified by Jonas (1979) and increasingly influential in the eth-
ics of technology, emphasizes the ethical implications of human actions and decision-making. 
Internationally, discourse ethics is best known as argumentation ethics (Hoppe, 1988).

Habermas (1990) formulated two core principles of discourse ethics:

Discourse principle (D): norms are only valid if they meet (or could meet) the agreement of 
all affected who, as such, are participants in a practical discourse.

Principle of universalization (U): “All affected can accept the consequences and the side 
effects its [the norm’s] general observance can be anticipated to have for the satisfaction 
of everyone’s interests (and these consequences are preferred to those of known alternative 
possibilities for regulation)”.

(Habermas, 1990, p. 65)

With these principles, those who participate in the discourse can, in an ideal case, determine 
what is morally right or wrong. Ethically permissible communication following (D) and (U) must 
be symmetrical; only sound arguments are allowed in this communication, and hierarchies and 
authorities have no place if they prevent rational communication in the form of critical arguments. 
As Nickel and Spahn (2012, p. 38) wrote, “The purpose and outcome of the discourse are open in 
a strong sense, because any party to the communication could be convinced by the other parties to 
change their behavior or their moral beliefs.”

Nickel and Spahn (2012, p. 38) applied discourse ethics to engineering design, particularly the 
design of persuasive technologies, and argued that the typical a priori method of incorporating 
moral values into the design cannot fulfill the communicative standards set by discourse ethics. 
To achieve symmetrical communication, there must be room for those who use, or are affected by, 
the technology not only to co-design its technical features but also to co-design the moral values 
in the technological design process. The reciprocity of perspective necessitates incorporating the 
perspective of the other into the norm and, thereby, impartiality. In this regard, discourse ethics 
does without a counterfactual construction such as Rawls’s veil of ignorance (Rawls, 1971, pp. 
12–19). Though this is often cited as an advantage of discourse ethics, it is unclear how a symmet-
rical dialogue with future generations can be realized, even in principle, to determine principles 
of sustainability and intergenerational justice. This may be one reason why, despite some applica-
tions to the information technologies (Mingers & Walsham, 2010; Yetim, 2011), discourse ethics 
is rarely referred to explicitly in the ethics of engineering and technology. However, it plays a vital 
role in both the practice and teaching of engineering ethics in the guise of stakeholder discussions, 
deliberative technology assessments, role plays, and so on (Lennerfors, 2019). Still, engineering 
students could benefit from learning discourse ethics explicitly by imagining themselves in the 
shoes of various stakeholders and reflecting on how each stakeholder would argue in an idealized 
version of symmetrical communication.
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Typical problems, errors, and barriers in student learning

Despite their appeal, ethical theories and their use within engineering education are not without 
issues. Many engineering students and educators fail to differentiate personal values from ethics, 
leading to a barrier in teaching ethics. Thus, they fail to grasp how ethics ‘works’ and what gaining 
‘ethical competence’ means, namely the ability to understand and reflect on ethical issues based 
on coherent ethical arguments and principles, not subjective personal preferences. This problem 
is perhaps linked to faculty members’ observed resistance to teaching ethics. Haws (2001, p. 227) 
suggests that the claim by engineering educators that “the theoretical aspect of engineering ethics 
is beyond our expertise” undoubtedly has consequences for both the confidence and enthusiasm 
with which such theories are communicated to students.

Another, perhaps more pragmatic issues associated with extensive discussion of moral theories 
in engineering ethics education are the amount of study needed to fully appreciate ethical theories 
and the limited time allocated for their teaching. Teaching ethical theories, Lawlor (2007) claims, 
can thus result in two undesirable consequences: either that students fail to process the nuances 
and complexities of each theory or that theories are simplified to the degree that they become of lit-
tle use. This can cause students to dismiss their use and that of philosophical reasoning altogether. 
Lawlor further claims that teaching students this way can lead them to believe that ethics consists 
of simply picking a theory and applying it to a specific case by following it to its end.

Ironically, the problem with using ethical theories correctly is emphasized by students’ famil-
iarity with the use of empirical or descriptive theories. Such theories are meant to accurately 
describe and explain ‘states of the world’, that is, the theories need to ‘fit’ the world and be revised 
if they do not. In assuming that normative ethical theories can be applied in the same way, stu-
dents risk erroneously choosing an ethical theory to fit the concrete ethical problem, for example, 
choosing utilitarianism because the ethical problem appears concerned with undesirable conse-
quences. However, the ‘direction of fit’ of ethical theories works precisely the other way around 
(Anscombe, 1963; Searle, 2001). Ethical theories depict states of the world that are not (yet) the 
case but ought to be. Hence, if an ethical theory’s content does not ‘fit’ the relevant ‘state of the 
world,’ it is the world that needs to change – brought about by our moral actions. What we ought 
to do then relies on the respective theory’s ethical criteria, like maximizing utility in the case of 
utilitarianism or the universalizability of one’s maxim in the case of deontology. Accordingly, 
referring to apparently undesirable consequences does not qualify as a reason to choose any ethical 
theory. So, the main problem for students in working with ethical theories is understanding – in 
direct opposition to what they know from working with empirical or descriptive theories – not to 
put the (worldly) cart before the (ethical) horse.

A related problem occurs when students commonly integrate theoretical elements of different 
ethical theories without being aware of the (theoretical) inconsistencies that arise by doing so. For 
example, utilitarianism explicitly claims that overall consequences are all that matters for ethical 
judgments. This sometimes clashes with individual rights when these are seen from a deontologi-
cal perspective. Often, students, in arguing explicitly from a utilitarian standpoint, simply want to 
solve this by ‘adding Kantian deontology’ for dealing with individual rights, that is,safeguarding 
individual rights against a utilitarian calculation. What such students fail to see is that Kantian 
deontology rejects utilitarian calculation completely and that, therefore, they cannot hold both ethi-
cal positions at the same time without contradicting themselves. Those students thus show a lack 
of ethical competence and fail to reach a consistent and well-argued judgment. Such competence 
would consist in realizing that if one wanted to uphold a utilitarian judgment, this would imply 
that any individual right could only be justified as a result of a utilitarian calculation, for example, 
because implementing individual rights would lead to overall better consequences. Accordingly, 
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safeguarding individual rights would only be possible against this background and would always 
be limited. If, on the contrary, one wanted strictly to uphold individual rights from a deontological 
perspective, this would imply dropping one’s previous utilitarian standpoint that consequences are 
all that matters ethically.

To equip students with the ability to consistently justify their decisions by integrating ethical 
theories, it is also recommended that students actively apply their ethical competence in their 
daily activities. In many universities, there are possibilities for co-curricular activities outside 
the strict curriculum, which can increase their knowledge in this area. For example, industrial 
lecturers can be invited to share real-life ethical challenges and case studies with students through 
group discussions or short reflection papers. There are also many students involved in service-
learning activities. It would be advisable for this type of work to seek a link with engineering so 
that the development of ethics and, in particular, the ethical behavior component could be pro-
moted through coursework. However, such additional and partially non-mandatory activities take 
up students’ time, adding to the challenge of how successful engineering ethics education can be 
integrated into student activities.

This last problem leads to the general question of how best to incorporate ethics teaching into 
the curricula, including teaching ethical theories. A study carried out by Walczak et al. (2010) 
identified five common problems in engineering schools that hinder the incorporation of ethics in 
students’ training. In addition to the problems mentioned above (i.e., the overcrowded curricula, 
the limited space for ethics education, and educators needing more training for teaching ethics), 
two further problems were noted: inconsistency in policies and academic dishonesty.

The challenges that engineering students face when it comes to integrating ethics into their 
decision-making processes during the design and development of products present their flipside 
when it comes to assessing students’ ethical competence. Engineering schools need to determine 
whether, or how well, graduates have acquired this competence. While various helpful approaches 
to acquiring ethical competence for future engineers can be found in the literature, the question 
of how to assess students’ ethical competence remains a particular challenge. Some schools offer 
compulsory subjects within the curriculum that deal with ethics in engineering; others opt for a 
transversal integration with different approaches. To evaluate the effectiveness of such approaches, 
it would be necessary to carry out respective studies (Barry & Ohland, 2012). In any case, even 
if knowledge of ethical theories proved to be conducive to developing ethical competence, such 
knowledge alone would not guarantee that students will display an ethical attitude when making 
decisions related to their professional work. In other words, knowing what is right does not guar-
antee doing what is right. (For more on the assessment of competencies, see Chapter 26.)

From ethical theories to ethical competence?

Given not only the problems associated with teaching and learning ethical theories but also the 
question of whether knowing them is really necessary for students to develop ethical competence, 
one may argue that ethical theories could or should be entirely dismissed in teaching engineering 
ethics. Bouville (2008) proposes four possibilities regarding the treatment of ethical theories in 
teaching ethics to engineering students: (1) reject theories entirely, (2) use them without naming 
them, (3) mention them without justifying them, or (4) teach and justify them. Glagola et al. (1997, 
p. 475) thus encourage educators to “chuck out the jargon,” indicating that students may feel they 
need to choose between ethical theories and that instead, “when we’ve got a moral problem, we 
should examine all the morally relevant considerations” (Glagola et al., 1997, p. 475). This view 
is “Pluralist – useful approaches may be drawn from a variety of ethical theories” (Derry & Green, 
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1989, p. 531). Bouville (2008) takes a similar approach, encouraging us to break ethical theories 
down into constituent parts and to emphasize fundamental dichotomies and elementary concepts, 
for example, consequences versus intentions or society as a whole versus individuals. An advan-
tage of this, Bouville claims, is that the pairs are comparable, making it easier to find a middle 
ground through reasoning. Yet, doing so would only lead back to the general problem of ethical 
consistency we mentioned above if students came to some ‘middle ground’ in their ethical judg-
ment without realizing its lack of coherent ethical justifiability. From a philosophical point of view, 
the uncritical suggestion of such a ‘middle ground’ as an implicit pluralist ethical framework is 
simply untenable. Accordingly, Haws (2004) suggests that the need to solve future, unprecedented 
ethical dilemmas indeed necessitates the inclusion of ethical theory, and that engineers who lack 
a foundation of strong theoretical knowledge will be unable to adapt. Such grounding is also 
required for engineers to justify their decisions to the broader community.

According to Newberry (2004), the purposes of teaching ethics in engineering can be classified 
into three categories: particular knowledge, intellectual engagement, and emotional commitment. 
Learning the main ethical theories would correspond to particular knowledge and would be the 
most easily attainable goal and the one that is often assessed in engineering schools. The second 
category, intellectual engagement, would be related to knowing how to make ethical decisions 
– the difficulties this presents have already been mentioned. Finally, emotional commitment or 
the desire to behave ethically would be most challenging to measure as an outcome within a cur-
riculum – even if such an outcome would be desirable from the perspective of engineering ethics 
education.

Although the goal of personal ethical character building can neither be guaranteed nor properly 
assessed by ‘merely’ teaching ethics, developing an assessable ethical competence may very well 
be achievable by way of critically engaging with ethical theories, especially given the wide range 
of ethical theories with their different core ideas. If ethical competence is supposed to include the 
ability to reflect critically on different ethical aspects in the engineering realm, learning different 
ethical theories would equip students with relevant knowledge about different ethical aspects and 
their respective ethical roles in making well-justifiable decisions in practice. For instance, it makes 
a theoretical and practical difference when ethically thinking about a design problem in engineer-
ing from the perspective of, for example, utilitarianism, deontology, or care ethics, including their 
different ideas on how to justify ethical judgments and decisions. For example, deciding on the 
‘best’ design of a bridge may differ if the decision is based on the overall consequences in terms of 
the most efficient travel connection (utilitarianism);or on relational aspects of the people who want 
to cross it using various means of transportation, including cars, bikes, and walking (care ethics); 
or on the bargaining power of those who have specific preferences for its design (contractarian-
ism). Hence, students would not only gain particular knowledge when learning about different 
ethical theories but also show intellectual involvement via critical engagement, thereby becoming 
increasingly capable of justifying and critically re-evaluating their own particular ethical judg-
ments and decisions consistently and coherently to others.

However, even if this line of argument is plausible and ethical theories may be considered 
conducive to developing ethical competence, one might still question whether they are necessary. 
Alternative teaching models encompass other factors affecting ethical decision-making and com-
petence (Bairaktarova & Woodcock, 2017; Walczak et al., 2010). For example, Illingworth (2004) 
has outlined three different ways to teach applied ethics within higher education:

 1. A pragmatic approach based on regulatory codes.
 2. An embedded approach that makes use of reflection and role play.



Michael Kühler, Natalie Wint, Rafaela Hillerbrand, and Ester Gimenez-Carbo 

56

 3. A theoretical approach that “places an understanding of moral theory at the heart of ethics 
learning and teaching” and whereby “ethics of real-life or life-like situations are then pre-
sented in terms of application of that theory” (p. 10).

Conclusion

This chapter has provided an overview of the most important ethical theories as well as some 
theories that engineering ethics education has rather neglected. It briefly discussed whether 
teaching ethical theories is necessary to help students develop ethical competence – given 
that although knowing about ethical theories is conducive to developing ethical competence, 
knowledge of specific theories might not be necessary for sound engineering practice. For all 
practical intents and purposes, engineering ethics education may utilize other teaching models 
to achieve the levels of ethical awareness required (e.g., by accreditation bodies, as discussed 
in Chapters 32–36) – even though, from a philosophical point of view, ethical theories pro-
vide indispensable underlying frameworks for critical analysis and justification of ethical judg-
ments. Understanding the theories discussed in this chapter can help educators and researchers 
achieve consistency and develop well-framed activities and materials. Understanding these 
seminal theories and their internal logic will also support understanding the other chapters of 
this handbook.
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Introduction

A foundational element of ethics in engineering practice is the complexity of the relationships 
between the individual and the collective in ethical decision-making (EDM). Engineers generally 
work as part of a team, often alongside other teams within a larger organization. Engineering also 
shapes and is shaped by the wider communities in which engineers participate, both professionally 
and personally (Davis, 2006). Norms, values, and attitudes towards ethics in these broader con-
texts can influence the ethical decision-making (including ethical action) of individual engineers. 
Furthermore, engineers and engineering work can play significant roles in large-scale sociotech-
nical problems, from climate change to pandemics to social injustices, which require collective 
decision-making and the resulting collective action2 that extends far beyond engineering organi-
zations. Despite this, engineering ethics research and education have largely focused on ethical 
decision-making by individuals, with little attention to both the complex interactions between 
individuals and collectives and the necessity of engineers’ contributions to collective ethical action 
for solving large-scale sociotechnical problems.

As evidenced in the literature on the ethics of care, every individual is at least partially depend-
ent on others for their material and emotional needs, and these dependencies can impact our ethical 
decision-making. Whether seen through interconnected relationships of care (e.g., Held, 2006) 
or autonomous decisions implemented with support (e.g., Knight, 2017), the lines connecting 
individual and collective aspects of decision-making become complex and, at times, blurry. In 
contexts ranging from biology to bioethics, others have argued that this blurriness should compel 
us to rethink the relationship between the individual and the collective, trading views of intercon-
nection for views of interdependence (Beever & Morar, 2016, 2019; Sharma, 2016; Thompson, 
2016). Interdependence implies that individuals can be better understood as parts of collectives as 
well as collectives themselves and are shaped or even constituted by these connected relationships. 
This view can be extended to contemporary collectives, including non-human decision-making 
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Individual and collective dimensions of EDM

agents, wherein multi-agent systems reflect the complex interplay between engineers, program-
mers, operators, and machines (e.g., Awad et al., 2019).

This chapter articulates the diverse types of interactions between individuals and the collectives 
of which they are a part and shows how these interactions can be mutually supportive or in tension. 
Complex relationships point to the need for engineers to develop sensitivity to, be able to reason 
about, and take action on ethical issues in both micro-ethics and macro-ethics contexts as a neces-
sary condition for effective EDM. We argue that this ethics literacy needs to include understanding 
the range of external factors and collective contexts that influence individual ethical decision-
making and are, themselves, shaped by individual actions. Specifically, this chapter covers:

• Theoretical and practical aspects of the relationships between individuals and collectives in 
engineering practice

• Key concepts in individual and collective ethical decision-making
• Discussion of how current approaches to EDM in engineering education characterize indi-

vidual and collective dimensions
• A case study that illustrates individual and collective dimensions of EDM

The four authors of this chapter bring perspectives from philosophy, engineering education, bio-
medical engineering, and science and technology studies. They are positioned across disciplinary 
perspectives as well as career stages and represent multiple gender, cultural, and national perspec-
tives. Two authors are based in the United States, one in Scotland (the United Kingdom), and 
one in Canada. Their perspectives and positions intersect around questions of ethics and ethical 
decision-making in engineering, wherein each has significant pedagogical and research experience 
in engineering ethics education.

Relationships among individuals and collectives in engineering practice

Engineers work with and within numerous collectives throughout their careers. Collectives include 
the engineering teams, departments, and organizations in which engineers are typically employed, 
as well as the industry organizations, sociocultural contexts, and ecosystems in which engineering 
work is situated. Although the ability for collective action functions at a level of psychological 
complexity that we still struggle to understand, much of our life and work revolves around col-
lective decisions rather than individual ones (Rachar & Salomone-Sehr, 2023). In many ways, 
the engineering profession depends on the ability of individual engineers to engage in collective 
decision-making to achieve outcomes that range from the simple levels of teamwork (e.g., part-
nered surveying), to more complex levels of collaboration and coordination (e.g., a multinational 
engineering company sourcing parts and processes from auxiliary organizations while complying 
with the regulations on trade and transport of different countries and applying health and safety 
standards and equitable treatment of personnel throughout the global organization).

In this section, we introduce the various types of collectives in which engineers are involved 
and discuss how acknowledging the complexity of these overlapping relationships and influences 
could reconceptualize the traditional views of individual decision-making, responsibility, and ethi-
cal action in engineering.

Engineers and teams

Engineers regularly work in teams of various size and composition to accomplish their project 
goals. Whether in small teams of independent consultants or large teams of engineering divisions 
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in companies, the decision-making of individual engineers is often highly influenced by their 
team-mates, their team leaders, supervisors, and managers, as well as the ever-present collective 
context of that engineering group sub-culture (Jones et al., 2017). Studies have shown how group 
dynamics can stifle discussions of ethical issues in professional settings (Hussain et al., 2019) but 
also demonstrated the potential for individual ‘ethical champions’ to positively influence ethi-
cal decision-making within teams (Chen et al., 2020). The complex projects in which engineers 
engage typically require interactions among multiple perspectives, skills, knowledge, and roles. 
Even when a particular person is required by their role or pressure to make an independent final 
decision, this decision is highly contextualized. It will affect the rest of the team – in terms of both 
short-term actions and the long-term effects on team culture and future decisions. In addition, the 
other team members have individual and collective responsibilities to support and encourage the 
decision-maker to make ethical decisions and involve the collective in decision-making.

Engineers and organizations

Individual engineers also influence and are influenced by the cultures of the organizations they 
are part of, beyond the dynamics of their teams (Kim & Hess, 2022). It is much easier to act ethi-
cally in a context where the organization expects and encourages ethical behavior – whether it is 
a manufacturing company, academic institution, governmental agency, or non-profit organization 
(Mason, 2004). Conversely, when an organizational culture stresses values such as profit, market 
share, rapid innovation, short-term outcomes, or global influence over ethical choices, it becomes 
much easier for employees to act unethically.

Strongly hierarchical organizations can give rise to unethical behavior, particularly when they 
have a culture of blame, intimidation, or secrecy (Kranakis, 2004; Jeske, 2020; Rogal, 2020). 
Although the responsibility for creating and stewarding an ethical organizational culture typi-
cally falls to individual leaders or a leadership team, the decisions of every individual either sup-
port or weaken the collective culture over time. In large organizations, multiple sub-cultures can 
form with internal values, norms, and practices, which may or may not align well with other 
sub-cultures or with the overall culture of the organization (Hofstede, 1998). Such sub-cultures 
can increase the challenges of stewarding an organizational culture that is ethical overall. These 
challenges are exacerbated when the organization spans multiple national cultures, which nearly 
always have varied, and the often conflicting, cultural norms that influence decision-making. In 
addition, in multinational work, there is the risk of cultural prejudice and discrimination leading to 
unethical and even fatal consequences as evident in the tragic industrial disaster in Bhopal, India 
(Broughton, 2005).

Engineers and the profession

The nature of the engineering profession establishes that all engineers, regardless of their official 
status, are connected to the profession and its associated norms, values, principles, practices, and 
perspectives (Kasher, 2005). However, the engineering profession also includes a rich diversity of 
professional societies based on discipline, focus area, country, and geo-political region – including 
national regulators, academic societies, and informal advocacy groups. Participation in profes-
sional societies is often voluntary, although exceptions exist (such as in countries where the prac-
tice of engineering is limited to those who hold an approved professional designation; for more on 
professional licensure, see Chapter 34). However, even professional organizations with voluntary 
membership can exert significant influence on engineering ethical decision-making through guide-
lines, standards, codes of ethics, and informal communication (Rosenberg, 1998). While profes-
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sional engineering codes of ethics have traditionally addressed a narrow scope of ethical issues, 
this is changing. Since the 1970s and 1980s, professional societies have begun to acknowledge 
broader ethical issues, such as environmental sustainability and the social impacts of engineering 
work, in their codes of ethics (Vesilind, 1995; for more on historic trends, see Chapter 32). These 
societies are also dependent on their individual members for contributions to the respective socie-
ty’s goals, policies, guidelines, and, ultimately, its collective engineering cultures. Thus, individual 
engineers should consider their roles and responsibilities in improving the ethical culture of their 
professional societies and, through them, the wider engineering community and profession (Davis, 
1991; Lynch & Kline, 2000).

Engineers and society

Beyond their specific teams, organizations, and professional associations, engineers are respon-
sible to the societies in which they live and work, and to the greater global society of which we 
are all part. Various societal and cultural influences play a role in the decisions engineers make 
and how they act, as both individuals and collectives. Engineers’ national contexts influence the 
organization of their professional associations, for example, with respect to unionization and regu-
lation (Meiksins & Smith, 1996) and the extent to which individuals and organizations prioritize 
collective versus individual agency, autonomy, responsibility, and accountability (Hofstede, 2011; 
Husted & Allen, 2007).

Sociocultural norms and values – including detrimental ones, such as normalized racism, sex-
ism, ableism, and so on – are also reflected in the technologies that engineers create and can exert 
a significant negative impact on already marginalized populations (Benjamin, 2019; Eubanks, 
2017). When such values and norms are deeply embedded in everyday technologies, their origins 
become challenging to trace and understand, even when their impacts are widely felt, particularly 
by people who do not fit the mold of a default user who is assumed to be white, male, non-disabled, 
or English-speaking. Thus, engineers face significant social concerns when making design deci-
sions, including justice, equity, and access. Their expertise and professional status set an ethical 
responsibility for engineers to be involved in decision-making regarding the types of problems 
they work on as individuals and also contribute to influencing the types of problems that society as 
a whole asks engineers to solve (Hersh, 2014; Riley, 2023).

Engineers and ecosystems

Just as engineers are part of local and global societies, they are also part of larger-scale ecologies 
that influence and are influenced by the technologies that engineers design and produce. Thus, 
an additional dimension of engineering EDM involves the relationship that engineering projects 
have with the natural environment, including its more-than-human elements. The contemporary 
climate crisis makes engineering decisions about resource utilization and extraction, geographical 
location, habitat disruption, and energy generation vital (for more on these topics, see Chapters 6 
and 11).

Local environmental considerations for engineering decisions might be handled at the collec-
tive level of an organization. However, on a global scale, engineering decisions involve many more 
layers of collective decision-making, including national and international governmental associa-
tions and multinational engineering companies. Engineers of all types, as both individuals and 
members of collectives, are part of – and have a global responsibility to – humanity, all non-human 
species, and the environment as a whole. Consider, for example, that the continuing development 
of planned large-scale oil and gas projects (Carrington & Taylor, 2022) could be influenced by 
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individual decisions and actions (e.g., high-level intergovernmental regulation) and/or by the col-
lective refusal of engineers and scientists to work on these projects. As stated elsewhere (Beever & 
Whitehouse, 2017), an ‘ecosystemic’ approach to decision-making is necessitated by the globali-
zation of human communities (the global public) and the resulting anthropogenic changes to those 
communities’ natural environments.

An engineering example

The attitudes, practices, norms, values, and cultures of the collectives described above – as well as 
the positioning of individual engineers with respect to them – all impact ethical decision-making. 
The ethical aspects of all engineering decisions are thus uniquely situated and complex. Consider the 
following example:3 A recently graduated female engineer with a background in micro-fluidics from 
Stanford and MIT joins a startup company early in product development of a miniaturized bioanalyt-
ical device for blood testing. She quickly observes a lack of communication between the engineering 
and analytical chemistry departments that is jeopardizing critical system testing. Learning that an 
important pilot project contract for a major pharmaceutical company is about to go live, the new 
engineer alerts her male supervisor of the potential risk of system failure, but her report is ignored. 
After repeated attempts to bring attention to the problems of reliability and usability, including a 
direct appeal to the female CEO, the engineer is told by her supervisor to “Go find a place where 
you can be a big fish in a small pond.” The young engineer decides to leave the company soon after.

This story could be presented as a straightforward and narrow case of the individual’s conflict 
with management (in a way that is frequent within contemporary engineering ethics education): 
the new engineer has discovered a potential danger to the public, but her supervisor (a more senior 
engineer) and those above him disagreed. However, upon further examination, numerous collec-
tive and broader ethical aspects emerge. Power dynamics and inequalities based on gender, senior-
ity, status, and perceived differences in knowledge are significant aspects of this case. These power 
relations alone make the case about more-than-individual decision-making. The younger female 
engineer is part of a complex collective decision-making structure contingent on various external 
factors. As a junior member of the engineering department, she is dependent on her supervisor 
for guidance, mentorship, or a potentially positive recommendation in the future. The supervisor 
likely depends on the engineer for her contributions or support to advance the pilot project, the 
success of which may affect his progression and promotion in the company. The engineer’s ethi-
cal decision-making will be influenced by her relationships with and dependence on her senior 
colleagues, the organizational culture of the company, and potentially the perceived culture of the 
highly competitive and regulated healthcare technology industry.

Beyond the power dynamics within their engineering team, these two engineers are also, like 
all of us, members of various collectives, including families, friends, civic and cultural groups, and 
professional organizations, all of which have diverse values, power structures, and interpersonal 
dynamics. The engineers, in this case, are not solely engineers but also have interconnected sets of 
personal and professional identities. The interplay among these identities can lead to constraints 
or tensions in individual decision-making. In this example, the young engineer’s ethical convic-
tions, which may themselves have complex origins and influences, conflict with the organizational 
norms of the company she works for.

Internal pressures include what we might call ‘the problem of many hats,’ which can occur 
when we find it challenging to navigate competing identities under pressure. External constraints 
include the social, political, interpersonal, or institutional power dynamics that shift the conditions 
under which we make decisions.
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The central aspect of stories like this one is that ethical decision-making is not just an inter-
nal, individual, rational, and moral capacity to be actualized. Instead, it is contingent on a wide 
range of relations to the communities of which we are each a part. Furthermore, our relations are 
not necessarily fixed. As the young engineer in this story demonstrates, one outcome of ethical 
decision-making can be a change in our relationships with colleagues or organizations, including 
resignation.

Key concepts in individual and collective ethical decision-making

Viewed through these multiple overlapping lenses of engineering collectives, we can see the two 
engineers from the example above in contentiously structured relationships of power based on 
seniority, gender, experience, training and mentoring, and leadership roles that involve tensions 
among their identities as individuals and as members of various collectives. The overlap between 
individual and collective identities requires us to consider the distinctions between individual 
moral agency and individual autonomy, collective agency, and external frameworks of account-
ability that support that agency. This section highlights these theoretical concepts as important 
aspects of EDM’s individual and collective dimensions. They frame how individuals think and act 
and how collectives shape EDM outcomes, and thus are important for developing a fundamental 
approach to ethics education.

Agency, autonomy, responsibility, and accountability

Agency is the capacity to act. In ]the context of ethical decision-making, what matters beyond 
mere agency is autonomous agency. Autonomy is self-governance or the ability of individuals or 
groups to make decisions and have those decisions implemented (Buss, 2018). Thus, autonomy 
can have collective dimensions since we may require support from other individuals or from a 
collective for our autonomous decisions to be implemented (Knight, 2017). Autonomous agency 
directed to moral ends is called moral agency. There are important questions about the scope of 
moral agency, for example, related to its relevance for artificial agential systems (e.g., Cervantes 
et al., 2020) or organizations (Watson et al., 2008). However, in engineering ethics, the scope of 
consideration regarding moral agency has traditionally been restricted to human individuals.

For ethical decision-making, we need to understand to what extent and in what ways moral 
agents have responsibility for their actions. A moral agent is responsible for their actions pre-
cisely because of their capacity for autonomous decision-making. However, ethical responsibility 
is rarely wholly autonomous, as it is regularly constrained and shaped by external influences of 
rewards, punishments, power imbalances, and life circumstances. Responsibility can also be con-
strained by internal factors, such as internalized beliefs about self-efficacy – the ability to imple-
ment the actions required to achieve the desired outcomes of your decisions (see Hersh & Lewoc, 
2023, pp. 22–23, 26–28, 31–32). Constrained autonomy, such as being forced to obey orders, does 
not necessarily remove responsibility (e.g., as determined in the Nuremberg trials at the end of 
World War II).

Even when relatively unconstrained, responsibility is, by itself, insufficient for understanding 
how ethical decision-making works and why it matters. Coupled to it is accountability, or the 
external regulation of responsibility. To be held accountable is to have one’s responsibility cri-
tiqued by an external mechanism (see Bivins, 2006), including through reporting mechanisms to 
external individuals, organizations, or constituencies (for those who are elected), or through the 
requirement to comply with standards. Thus, internally driven responsibility, which results from 
factors such as education, training, culture, and values, couples with accountability or responsibil-
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ity to external relations of power, politics, and regulations, offering a more comprehensive under-
standing of the complex dynamics involved in ethical decision-making in engineering.

Both individuals and collectives thus shape ethical decision-making, responsibility, and 
accountability. We can think of ethical accountability as an accounting from an outside perspective 
of a multifaceted decision-making process, including “the distribution of responsibility between 
the actors that participate in [a collective decision-making] process” (Frasheri et al., 2022, p. 60). 
The young engineer and supervisor from the earlier example model a dynamic fundamental to 
the human condition: we have the capacity to reason and act individually, and simultaneously our 
reasons and actions are shaped by and shape collective decision-making actions. This capacity, 
called ‘collective intentionality’ (Schweikard, 2020), can have both positive and negative impacts 
on ethical decision-making, as we discuss next.

Collective decision-making and the problem of power

Positively, collective decision-making enables and empowers individuals to come together in 
social contracts, to share beliefs and values, and to motivate social and political responses to ethi-
cal issues. Negatively, however, this same capacity to think and value together can support implicit 
bias; the suppression of moral issues (Palazzo et al., 2012); the overshadowing of ethical issues by 
other urgencies, also known as ‘ethical fading’ (Rees et al., 2019); and groupthink – and has led to 
what Hannah Arendt famously described in 1963 as the ‘banality of evil’ (Arendt, 2006). ’Power 
dynamics’ is the term generally used to discuss the interactions (between people in an organiza-
tion) that are affected by differences in power. Some of these differences may be fixed, and others 
may change over time. There are several different factors that affect the power people have relative 
to others in any organization: their position in the organization; personal characteristics such as 
gender, race, and disability; knowledge and skills; length of time in the organization; strength or 
type of personality; and the ability to apply or resist pressure.

As the example of the startup company illustrates, power dynamics can make it difficult to chal-
lenge unethical behavior effectively. The younger female engineer has less power on account of 
her status/role in the organization, gender, and perceived lack of knowledge. These factors enable 
her supervisor to ignore her concerns and make it difficult for her to raise the issues. Her lower 
seniority in the team and different experiences result in her not being taken seriously.

Power dynamics also hold across collectives – including between organizations and nations and 
between organizations or nations and individuals. The power imbalance between different nations 
and regions or groups of people and the associated devaluation of those with lower power has 
contributed to ethical violations, as evidenced by the mining of uranium on sacred Aboriginal land 
counter to the wishes of Aboriginal people (Marsh & Green, 2020) and the Bhopal chemical dis-
aster (Broughton, 2005). In the latter case, one of the many contributing factors was the minimal 
safety standards enforced by the engineering culture in Union Carbide in Bhopal, India, compared 
to those in its operations in the United States. The implication for engineers and particularly engi-
neering ethics educators is to be aware of power dynamics and how collective intentionality affects 
decision-making, for better or worse. However, despite the risks, these individual-collective ten-
sions in EDM are fundamental to the human condition and, therefore, need to be integrated into 
engineering ethics education.

Individuals and collectives in engineering ethics education

The vast majority of approaches to engineering ethics education address the interplay between 
the individual and the collective to some extent. In this section, we map out a landscape of EDM 
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approaches used in engineering ethics education regarding their expressions of individual–collec-
tive relations. Our intention is not to offer a comprehensive review of EDM in engineering but to 
present a spectrum of relationships that demonstrate the scope of and potential for bridging the 
individual and the collective in engineering ethics education. By describing EDM approaches in 
this way, rather than, for example, categorizing them according to the ‘micro’ or ‘macro’ scale of 
the ethical issues that they seek to address, we draw attention to the presence of individual–collec-
tive relations in every type of engineering decision and provide support for their integration into 
engineering ethics education.

Engineers as individual moral agents

Many EDM models were developed mainly as tools for research – to further understand essen-
tial elements and processes involved in ethical decisions – and a few have been developed 
solely for educational purposes. These models range from the simple to the complex. Most of 
the simple models have been built upon the early work of Rest (1984, 1986), in their attempts 
to understand ethical reasoning in the context of moral development and compare it to simi-
lar stages of development in cognitive development. The four-stage model by Narvaez and 
Rest (1995) that highlighted sensitivity, judgment, motivation, and implementation has been 
advanced by Tuana (2007) in education for moral literacy – with components of ethics sen-
sitivity, ethical reasoning, and moral imagination or motivation, each with a subset of com-
ponents essential for the process. Tuana’s conceptualization expands on the earlier models; it 
focuses primarily on cognitive processes to include affective (emotional and intuitive) aspects 
of ethical decision-making, particularly in ethics sensitivity and moral imagination. This model 
focuses on ethical understanding rather than the action or implementation that would be the 
behavioral outcome of EDM.

Gentile (2017) promoted a related model of EDM for educational applications (primarily busi-
ness school and management training) that emphasizes the behavioral aspect of action as the goal 
of awareness and analysis. Gentile’s ethics educational approach is designed to ensure students 
are prepared and practiced in completing the process of EDM – from ethics awareness (sensitiv-
ity) and ethical analysis to ethical action through repetitive practice that trains the “moral muscle 
memory” (Gentile 2017, p. 474).

An example of an EDM model with much higher complexity is the integrated theoretical model 
of Schwartz (2015). This research-focused model attempts to include the cognitive, affective, and 
situational components by integrating several previous EDM models into a more holistic frame-
work (Schwartz, 2015, p. 761). This model includes both cognitive (rationalist) and affective 
(non-rationalist) focused aspects and emphasizes the dynamic between individual capacity and the 
influences of the situational context.

Each of these EDM models is oriented toward the individual as the decision-maker or 
moral agent, with some inclusion of the influence of the situational context (Schwartz, 2015). 
The models do not fully explore the complex and dynamic interactions between individuals 
and their collectives that influence decision-making within an engineering ecosystem, even 
though many engineers describe their experiences of ethics as highly influenced by their roles 
and responsibilities and the systems within which they are embedded (Hess et al., 2023; Fila 
et al., 2024). Thus, while these models of individual EDM may help educate the individual 
engineer, they are insufficient. Ethics education must include training to develop students’ 
understanding of the systemic contextual and collective influences on individuals in their 
EDM.
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Engineers as members of collectives

Many approaches to engineering ethics have been developed to address the perceived overempha-
sis on individual decision-making. These perspectives include ‘macro’ ethical approaches, influ-
enced by organizational sociology and Science and Technology Studies (STS), which emphasize 
the broader contexts of engineering work. Some educators thinking in this vein have called for a 
complete overhaul of engineering ethics education (Bucciarelli, 2019), while others have sought to 
integrate macro-ethical thinking into existing structures and formats for engineering ethics instruc-
tion (Kline, 2010). Other approaches seek to integrate the ‘micro’ and ‘macro’ scales, retaining a 
practical focus on individual decision-making but deeply situating the engineer as decision-maker 
in relation to multiple collectives. Overall, these approaches view engineers’ membership in col-
lectives and their corresponding collective agency, responsibility, and accountability as fundamen-
tal to ethical decision-making.

Engineering ethics educators have attempted to frame the connections and tensions between 
the individual and the collective in various ways, often by naming and differentiating between 
different types of engineering ethics. Mclean (1993) made an early attempt to shift engineering 
ethics beyond a simplified focus on public safety and individual actions by introducing the three 
conceptual frames of technical, professional, and social ethics. Mclean considers these ‘levels’ 
of ethics to be the respective responsibilities of engineers, lawyers and managers, and politicians 
primarily. A strength of this framing is its awareness of the broader impacts of engineering and 
the importance of stakeholders who are not engineers. However, Mclean’s approach is limited by 
its exemption of engineers themselves from considering the sociotechnical interactions inherent 
in engineering practice.

An alternative early framing distinguishes between the ethics of individual engineers’ actions 
(‘ethics in engineering’) and collective ethical issues related to the role of engineers in industry, the 
ethics of engineering and professional engineering societies, and the ethical responsibilities of the 
profession (‘ethics of engineering’) (Roddis, 1993, p. 1540). Thus, for example, failure analysis 
should consider broader standards of engineering practice in addition to individual decisions and 
technical causes.

More recently, Herkert’s framing of micro- and macro-ethics has gained prominence within 
engineering ethics communities (Herkert, 2005).4 Herkert introduced three ‘frames of refer-
ence’: individual, professional, and social. Unlike Mclean, Herkert did not exclude engineers 
from broader social responsibility. Herkert argued for incorporating macro-ethical perspectives 
alongside micro-ethics in engineering ethics education. He also suggested strategies for bridg-
ing the two scales, for example, by encouraging engineering educators to foster in their stu-
dents the ‘moral courage’ necessary to take individual ethical actions, even when those actions 
are limited by collective influences such as organizational cultures (Herkert et al., 2020). 
Subsequent scholarship builds on macro-ethics by explicitly introducing equity and justice as 
components of macro-ethical thinking, reinforcing the importance of engineers’ membership 
in society-level collectives (Rottmann & Reeve, 2020). Such framings confront the fact that 
engineering projects are not necessarily neutral (Banks & Lachney, 2017) by teaching theories 
of interpersonal and structural violence and by connecting systemic violence and oppression 
in which engineering companies or the engineering profession are implicated in seemingly 
neutral decisions.

Another approach to understanding the dynamics of individual EDM within a broader context 
focuses on the general ethical principles that influence EDM. Many professional collectives such 
as engineering societies create codes of ethics that guide and stipulate acceptable engineering 
behaviors based on shared guiding principles. Reflexive Principlism is an EDM approach that 
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connects individual reflective processes of ethical reasoning and the collective ethics of uni-
versal moral principles from bio-ethical principlism (Beever & Brightman, 2016). In Reflexive 
Principlism, guiding ethical principles are evaluated in light of professional codes of ethics and 
diverse perspectives of engineering and non-engineering stakeholders. In this approach, the ethical 
principles of beneficence, non-maleficence, justice, and respect for autonomy, reflexively specified 
and balanced in line with a specific context of application, apply at both the individual level and 
at the broader societal or collective levels. Other approaches to ethical decision-making outside of 
engineering, including Mepham’s ‘Ethical Matrix’ (2006, 2013), have also leaned on bio-ethical 
principlism as their foundation.

Decentering the engineer

A third way of approaching individuals and collectives in engineering ethics moves beyond merely 
acknowledging the importance of the broader context toward actively decentering the individual 
engineer as a sole or privileged decision-maker. These approaches overlap to some extent with 
macro-ethical perspectives in their acknowledgment of complex relations and shared agency 
between designers, users, values, technologies, organizations, environments, and other actors/ele-
ments. However, decentering approaches emphasize collective responsibility and mutual account-
ability in addition to complexity, calling for shared decision-making processes that integrate 
sustained inputs from multiple stakeholders. At present, few specific EDM frameworks within 
engineering draw from such approaches. Yet, we see potential applications in engineering EDM 
for models of shared ethical decision-making that have been implemented in other fields and 
for critical design approaches that have been used in engineering contexts but not necessarily 
expressed as ethical frameworks.

Shared ethical decision-making, or SDM, involves individuals sharing information and exper-
tise, deliberating on values, negotiating on trade-offs, collectively evaluating options, jointly artic-
ulating judgments, and collaborating on strategies for implementing action(s). It is therefore even 
more integrative of the individual and the collective than the approaches discussed in the previous 
section. This collaborative process typically involves individuals from multiple roles with a vari-
ety of experiences and expertise, including at times non-technical stakeholders. Although not yet 
applied directly within engineering ethics, SDM models are being developed and implemented in 
patient-centered healthcare (Spatz et al., 2017; Bomhof-Roordink et al., 2019). Similarly, narra-
tive ethics integrates the individual and collective by giving voice to all the stakeholders, including 
those who are generally excluded. It has been used particularly by nurses, but a seven-stage meth-
odology developed by Hersh (2015) shows its potential applications in engineering.

Another proposed EDM model, guidance ethics, emphasizes the relationality between tech-
nology and society. Guidance ethics identifies existing values of individual stakeholders around 
a specific technology as a means of making those values explicit and, therefore, functional. Its 
advocates argue that it is a bottom-up approach to ethical decision-making –avoiding principles 
and guidelines for the sake of stakeholders and citizens (Verbeek & Tijink, 2020). In this way, it 
is similar to other dialogic approaches to ethical decision-making, including the National Science 
Foundation–funded ‘Toolbox Project’ (O’Rourke & Crowley, 2013).

A focus on multiple stakeholders’ values is also a core component of a range of design 
approaches that position the designer/engineer as only one of many humans and non-humans 
involved in the creation of technologies. One such approach, value sensitive design (VSD), shows 
how values (social, cultural, ethical, political) are filtered through the design work of individuals 
subject to collective norms and become embedded in technologies. VSD emphasizes intentionally 
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making connections between values and choices about technological design, such that systems 
can be shaped by collective ‘moral imagination’ (Friedman & Hendry, 2019). (See Chapter 22 for 
more on VSD.) Participatory design approaches specifically include users and other stakeholders 
in the design process: for example, the ‘Experience Lab’ is a narrative-centered design approach 
that allows for the co-production of values that facilitate collective decision-making (Raman 
et al., 2017). Design justice practices take this participatory framework even farther, centering 
community needs and outcomes through processes of co-design (Costanza-Chock, 2020). Other 
approaches integrate non-human elements as part of the decision-making process. In Suzanne 
Kite’s semi-speculative work ‘How to Build Anything Ethically’ (Kite, 2020), the author dem-
onstrates how the Lakota people’s ethical protocols, including consideration of the ontological 
status of stones, can be mapped onto the design of both a sweat lodge and a physical computing 
device.

The design approaches discussed above do not present themselves as models or protocols for 
engineering ethics, though they all – implicitly or explicitly – make moral arguments about ‘good’ 
technological design. We present these decentering frameworks and design approaches to identify 
a gap, and to offer possible ways forward, in considering relationships between the individual and 
the collective in engineering ethics. The examples of the diverse landscape of ethical decision-
making we have offered here do not include the various other heuristics and practices that guide 
and shape ethics. These might include education in ethical reasoning and normative theory, aca-
demic and research integrity training, mentoring, engagement with professional codes of ethics, 
case-based analyses, or thought experiments. Heuristics like these can inform and guide ethical 
decision-making conceptualizations and approaches, scaffolding for a more significant effect. Yet 
they sometimes are made to stand alone, replacing effective practices with efficient practices.

Individual/collective tensions in EDM: A Boeing 737 Max case study

In this chapter, we have examined dynamic tensions between individuals and collectives in ethi-
cal decision-making from a range of perspectives and demonstrated a spectrum of approaches to 
EDM that take up (or fail to take up) those tensions. Here, we highlight an example case study 
as a means of demonstrating how these various levels of complexity can be addressed for ethics 
education in engineering.

Case studies can powerfully illustrate and convey lessons about ethical decision-making in rel-
evant, real-world situations in engineering where the complexities and diverse factors of influence 
are at stake in importantly practical ways. Our example here is the Boeing 737 MAX incidents 
of 2018 and 2019. These two significant accidents involved Boeing 737 MAX passenger jets 
crashing a few minutes after takeoff, during which 346 people were killed. All 737 MAX planes 
worldwide were grounded after the second accident. There has been considerable discussion of 
the causes and responsibility for the accidents, including the case study by Herkert and colleagues 
(2020) highlighted here.

Herkert and colleagues (2020) show that the key decisions and undue haste in the design of 
the Boeing 737 Max were motivated by intense competition with Airbus, which had recently 
introduced a new aircraft. These decisions included moving the new more powerful engines to an 
atypical location higher and further forward on the aircraft wings and compensating for the risk of 
a potential stall with a software fix: the maneuvering characteristics augmentation system (MCAS) 
with input from only one of the two angle of attack (AOA) sensors. To speed up the certification 
process Boeing concealed many of their changes, including the MCAS software fix, from the 
Federal Aviation Authority (FAA) and its own pilots.
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Some of the design changes, their concealment, and the lack of pilot training violated industry 
practices and regulatory norms and should have been objected to by both individual engineers 
and managers, and collectively. However, the replacement of engineers with business executives 
in management at all levels (following Boeing’s merger with McDonnell Douglas in 1997) had 
resulted in a culture change that prioritized profit even at the expense of safety and technical com-
petence (see Herkert et al., 2020, p. 2963; Useem, 2019). These changes made it challenging, but 
even more critical, for engineers to collectively raise concerns. Developing or joining collectives, 
such as trade unions and professional societies, within and outside companies can provide collec-
tive support for ethically-minded engineers with less risk of individual retaliation.

A further factor that downgraded the importance of safety in this safety-critical industry was 
the change in the FAA’s approach from 2005 onwards, resulting in manufacturer self-certification 
becoming the norm and Boeing self-certifying 96% of its work in 2018 (Kitroeff et al., 2019a). 
However good the self-certification process could be, independent evaluators might identify poten-
tial problems that would otherwise be missed. Independent verification also reduces the likelihood 
of incomplete or false declarations, as in the case of Boeing. Thus, the collective interdependency 
between industry and independent certification should be considered essential for ethical engineer-
ing practice. The need for independent evaluation should have been raised by engineers in Boeing 
and the FAA, both individually and collectively.

The ethical failures here have been related to the ‘problem of many hands’ (Herkert et al., 
2020), where the involvement of many different parties and complex interactions makes it difficult 
to determine accountability. However, engineers can be educated with a focus on shared account-
ability, both individually and collectively, with the potential of transforming cultures of blame. A 
related issue is that of ‘many hats’ (see section above), where the different parties involved have 
different disciplinary expertise. Educating engineers by providing direct experiences of working 
together with people from other disciplines can encourage them to see the ethical value in collec-
tive decision-making.

The case study (Herkert et al., 2020) indicated that a few Boeing engineers had raised concerns 
about the risks of relying on a single AOA sensor and about MCAS’s erratic behavior in a flight 
simulator. Therefore, management was aware of the problems but did not intervene or change its 
behavior. If the complaints had been raised collectively, they might have been harder to ignore and 
could have brought the issues into the public domain. This would have made it more difficult for 
Boeing management to continue to focus on ‘cost and schedule’ rather than ‘safety and quality’ 
(Kitroeff et al., 2019b).

Further case analysis by our author team also raises several wider ethical issues which have 
received little attention. There seems to have been little justification for Boeing (or Airbus) to 
develop new aircraft in a time of climate crisis, especially designs which did not focus on maxi-
mizing safety and minimizing environmental impacts. There are good arguments for suggesting 
that Boeing could have instead focused innovation efforts on improving wind or wave turbines 
for energy generation with major positive environmental impacts. However, such large changes 
in corporate vision likely would have required significant collective societal pressure aligned with 
the internal support of environmentally-minded engineers.

The lessons for engineers starting their careers in industry sectors could include developing 
support networks; joining existing supportive collectives, unions, and professional societies; find-
ing colleagues with compatible views; identifying supportive senior colleagues; and connecting 
with external collectives of stakeholders with related concerns. Participating in supportive collec-
tives creates opportunities to discuss ethical concerns with colleagues and raise them in the organi-
zation and more widely if this becomes necessary. The contrast is evidenced in the ten mini-cases 



Kari Zacharias, Marion Hersh, Andrew O. Brightman, and Jonathan Beever 

72

analyzed in McGinn’s (2022) study of the Theranos startup failure. Many scientists and engineers 
sought to do the right thing ethically and change the culture, but nearly all failed to make a differ-
ence. They all acted independently except those who reached out as whistle-blowers to external 
resources. Collective participation can lead to more effective action while reducing the risks of 
victimization and the need for extreme moral courage by individuals. It will also mean that early-
career engineers might not need to worry as much about being mocked if they raise potential ethi-
cal violations that turn out to be unfounded. Instead, they can be alert to potential ethical problems 
and collectively apply ethical decision-making tools and frameworks in practice.

Conclusions, recommendations for future work, and key questions

This chapter has articulated the tensions and interactions between individuals and the collectives 
of which they are a part as a central and often-overlooked orientation to engineering ethics. Ethical 
decision-making at the individual/collective intersection shapes sensitivity to ethical issues, rea-
soning approaches about them, and motivation for actions in response. Ethical decision-makers 
face both constraints and complements to their individual roles, thanks to their participation in 
various levels of collectives. The largely individualized approaches to engineering ethics need to 
include an understanding of the range of external factors and collective contexts that necessar-
ily shape ethical decision-making. Individuals and collectives are deeply intertwined, and ethical 
approaches in engineering need to take that interplay seriously. In addition, we can learn more 
fully from EDM approaches that situate engineers differently with respect to individual/collective 
relations, as we demonstrate with the wider-view analysis of the 737 Max case study. Ethics liter-
acy for engineers needs to include an understanding of context, interpersonal interactions, broader 
social justice, and interrelationality without overwhelming students, such that they lose a sense of 
their own agency. Students also need to understand both their responsibility in shaping the ethical 
climate of their organizations and the value of seeking support and acting collectively to challenge 
unethical practices while avoiding victimization. That difficult work in engineering ethics educa-
tion will empower future engineers be better informed and more literate ethical decision-makers.

Notes
1 Author names are presented in reverse alphabetical order. All authors contributed equally to the work.
2 Ethical decision-making is understood comprehensively to include ethical action. We recognize that ‘col-

lective action’ can be an emergent property of groups of individuals that has been studied as an important 
entity unto itself with even broader issues of consideration (Mayer, 2014). Expanding upon each of the 
components of ethical decision-making and their variations is beyond the scope of this chapter.

3 Adapted from McGinn (2022, p. 39).
4 Herkert builds on Brummer’s earlier (1985) framing of micro- and macro-ethics, which distinguishes 

between when ‘demands of conscience’ of subordinates in an organization conflict with perceived occu-
pational requirements and with superiors’ setting of policy for organizations in general.
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Introduction

For decades, philosophers, sociologists, and psychologists have discussed morality, reason, and 
emotion, drawing on various concepts that have often been shared – albeit using different terms 
– across disciplines. These different fields and perspectives have affected engineering ethics and 
engineering ethics education. Today, many Western cultures conceptualize emotions as separated 
from reason and rationality (Ritzer, 2020; Roeser, 2012). This divide is particularly strong in engi-
neering and the natural sciences (Roeser, 2020; Sinatra et al., 2014), and engineering is typi-
cally considered a highly rational and technocratic field (Roeser, 2020; Lönngren, Bellocchi et 
al., 2024). Consequently, students are often warned that their emotions will hinder their ability 
to make rational decisions (Sunderland et al., 2014). Similarly, engineering ethics education has 
historically emphasized the development of moral reasoning skills through opportunities to prac-
tice reasoning based on ethical principles. Conversely, emotions are typically overlooked (Hess & 
Fore, 2018; Kim, 2022; Morrison, 2020; Tormey, 2020). This has, however, begun to change with 
a growing focus on exploring the relationship between reason and emotion in engineering ethics 
education.

Our core argument in this chapter is that because engineering ethics education has historically 
been treated in primarily rationalist and individualistic terms, a fuller account of reason and emo-
tion, therefore, needs to expand in two dimensions: (i) by seeing how reason and emotion are con-
nected and (ii) by exploring how individual, interactional, and macro-social levels are connected. 
Since this work is still in its infancy in engineering, we aim in this chapter to provide a conceptual 
framework and some integrating concepts that will allow researchers and teachers to better con-
ceptualize how reason and emotion are linked in engineering ethics education at a range of levels 
of social analysis. Our goal is not simply to summarize what has already been written about reason 
and emotion in this field but also to provide some directions on how to move forward.

This chapter is structured into four sections. After this introduction, the first section explores 
foundational frameworks for linking reason and emotion in moral judgments. Emotion is defined 
and the notion of moral schema is introduced, which we use as an integrating framework to con-
nect reason and emotion while bridging the gap between micro-individual, meso-interactional, and 
macro-social levels of analysis. We then look at each level of analysis in turn. The following sec-
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tion, therefore, explores how reason and emotion interact on the micro-individual level by looking 
at how individual engineers learn to make moral judgments and how individualist approaches have 
traditionally reinforced rationalist ways of thinking that define emotions as irrelevant or detrimen-
tal to engineering ethics. The third section focuses on the meso-interactional level (what sociolo-
gists would call the micro-social level) and examines how social, cultural, and emotional factors 
impact engineering students’ moral behavior as they interact with peers. Finally, the fourth section 
addresses the macro-societal level and examines societal and cultural factors influencing moral 
decision-making. At this level, social institutions, social systems, and cultures shape individuals’ 
schemas related to thoughts, feelings, and moral actions.

The authors of this chapter are researchers in engineering education. One author completed 
an engineering degree before moving into engineering education research. The other authors are 
trained in psychological and sociological learning sciences, respectively. Geographically, one 
author comes from Western Asia and two from Western Europe. All three were primarily trained 
in Western intellectual traditions, where they have worked on questions of diversity, inequality, 
and emotions in engineering education. The authors’ backgrounds are reflected in the ideas pre-
sented in this chapter, most notably in the combination of Western psychological, interactional, 
and sociological perspectives on engineering ethics education.

Foundational concepts for connecting reason and 
emotion across different levels of social analysis

Although there is no agreement on how to define emotions, Shuman and Scherer’s (2014) ‘Multi-
Component Model’ of the definition of emotion has gained broad acceptance. It specifies five 
primarily biological and psychological components: (1) a cognitive component involving the 
evaluation of a situation, (2) a neurophysiological component involving bodily changes such as 
heart rate and hormonal secretion, (3) a motivational component involving action tendencies like 
avoidance behavior, (4) a motor expression component including facial expressions, and (5) a sub-
jective feeling component involving affective experiences, such as feeling nervous. Sociological 
viewpoints build on this and emphasize that social and cultural factors and organizations shape 
a significant portion of those components (Bericat, 2016). Similarly, emotional expressions are 
often described as influenced, validated, and understood in accordance with broader societal val-
ues and culturally constructed discourses (Harré et al., 2009). This alignment of psychological and 
sociological understandings indicates the potential for a more integrated and collectively shared 
interdisciplinary understanding of emotions. Yet, there is not yet an agreed interdisciplinary defi-
nition of emotion, and differences between perspectives need to be identified, alongside shared 
understandings.

A helpful framework for thinking about how conceptions of emotion are changing over time is 
provided by Barbalet (2001, pp. 45–54), who distinguishes three approaches to theorizing reason 
and emotion, which appear to be common across multiple disciplines. First is the traditional or 
conventional approach, drawing on a Cartesian and Kantian understanding, theorizing emotion as 
a bodily disturbance that undermines reason. This approach frames good moral judgment as driven 
primarily by reasoning (understood as logical thought in the absence of emotional disturbance) 
and as being opposed to decisions based on emotion or gut instinct. This approach was dominant 
in moral psychology (Kohlberg, 1969) and sociology (Weber, 1930/1992) in the twentieth century. 
It also often underpins ‘folk’ theories of emotion (i.e., those used by people in everyday life). 
Although this traditional/Kantian approach to understanding reason and emotion remains domi-
nant in popular culture, it is less commonly used today by emotion researchers.
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A second way of theorizing reason and emotion is what Barbalet (2001) calls a critical approach. 
It sees emotion as complementary to reason by providing rapid insights and guidance on the sali-
ence of information that reason itself cannot provide. This tradition is influenced by the work of the 
philosopher David Hume, among others. While Barbalet presents the critical approach as coher-
ent, other writers tend to emphasize differences within this tradition, between those who focus on 
emotion as informing reasoned judgments (‘emotion as moral insight’, e.g., Roeser, 2012) and 
those who focus on a dual-process model which sees emotion as acting alongside and potentially 
bypassing reasoned judgment (social intuitionist model, e.g., Greene et al., 2004; Haidt, 2008). 
These critical approaches emphasize the co-operation between reason and emotion in coming 
to judgment (not their conflict, which tends to be emphasized by the traditional or conventional 
approach).

Barbalet also identifies a third approach, a radical approach, influenced by the work of the 
psychologist William James and the sociologist Georg Simmel. Rather than seeing reason and 
emotion as distinct but interrelated processes, this approach sees reason and emotion as “distinct 
names for aspects of a continuous process” (Barbalet 2001, p. 45). From this perspective, reason is 
not opposed to emotion (as for Kant) or informed by emotion (as in critical perspectives). Rather, 
reason is seen as a way of thinking associated with particular emotional states – including trust, 
security, and certainty. In this sense, reason is only possible when we give ourselves emotional 
permission to not engage with the consequences of our actions, which might disturb our sense of 
certainty and security (we will return to the moral implications of this argument in the section on 
macro-social frameworks below).

‘Schema’ as an integrating concept

This chapter aims at integrating many concepts: reason and emotion on one axis and micro-indi-
vidual, meso-interactional, and macro-social levels of analysis on the other. These elements are 
closely connected: at the micro-individual level, we explore how emotions and reasoning oper-
ate within individuals. Moving to the meso-interactional level, we examine how these aspects 
manifest in personal interactions. Finally, at the macro-social level, we look at the broader societal 
contexts and influences on emotions and reasoning. A useful integrating concept across multiple 
levels of social interaction is provided by the work of Firat and McPherson (2010), who use the 
concept of moral schema to integrate across these levels of analysis within a common framework.

Schemas are often described as cognitive frameworks that guide people’s perceptions, inter-
pretations of their experiences, and actions (Boutyline & Soter, 2021; c.f. Piaget, 1932/1965). 
According to this schema-based model, a given experience activates mental schemas, which 
means that in that situation, a person will automatically and intuitively perceive certain things and 
think and feel in particular ways – and these elements influence their judgment (Thoma & Dong, 
2014, p. 56). Schemas often operate implicitly and unconsciously, and people may not always be 
aware of their influence. Moral schemas are schemas that involve automatic and implicit cognitive 
processes important for moral behavior as they guide people’s attention to moral issues and drive 
moral judgment (Narvaez & Bock, 2002). While schemas have historically been conceived as 
purely cognitive constructs, the concept of moral schemas highlights the importance of emotions, 
which operate as signals “activating schemas’ salience, intensity, and content in people’s everyday 
lives” (Firat & McPherson, 2010, p. 354).

While the language in the literature on schemas primarily derives from work at the indi-
vidual/psychological level, the basic idea behind the concept – that internalized frameworks 
from our culture and our experiences shape our perceptions and responses – is also used to make 
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sense of patterns at interactional and macro-social levels. Yet, writers in disciplines other than 
psychology may use different terms to refer to this idea. In sociology, for example, the term 
habitus is often used to describe a pattern of perception, thinking, and action shaped by our 
past experiences (Bourdieu, 1990). As we will show in the section on the interactional level of 
social analysis, discourse is another related concept. Our goal here has been to use a single term 
(schema) to give clarity to the reader, not to prioritize psychological or individualistic perspec-
tives.

Psychological perspectives and their impacts on 
engineering ethics education and research

Psychological perspectives on moral reasoning and emotion are explored in more detail in Chapter 
10 of this handbook. Thus, we provide only a concise overview here.

Historically, rationalist (Kantian) cognitive-developmental models (what Barbalet would call 
conventional models) have dominated moral psychology. For example, Kohlberg’s theory (1969) 
suggests that individuals progress through a series of stages of moral reasoning as they develop 
cognitively. The theory outlines six stages, divided into three levels: pre-conventional (judgment 
based on personal interest), conventional (judgment based on rule-following), and post-conven-
tional (judgment based on the assessment of what is good for people in general). Moral judgment 
in this model is described as primarily based on reasoning and reflection. Some emotions, such as 
sympathy, are assumed to contribute to reasoning occasionally but are not seen as directly influ-
encing moral judgments (Kohlberg, 1969).

However, this theory has been criticized for oversimplifying the complex nature of moral 
reasoning and underestimating the role of cultural (Tappan, 1997), social (Bandura, 2001), and 
emotional (Haidt, 2001) factors in shaping moral judgment. Within more critical approaches 
to understanding how reason and emotion interact, others have argued that emotions influence 
moral reasoning and crucial elements of cognitive abilities in moral judgments. For example, 
Hoffman (2000) emphasized emotional empathy – rather than cognition – as the primary driver 
of moral decision-making. However, Hoffman also connected emotion with cognition, proposing 
that empathy includes both cognitive and emotional processes. Haidt (2001) went even further, 
proposing a social intuitionist model of moral decision-making as an emotion-driven alternative 
to rationalist models. Haidt (2001) argued that moral judgments are guided by emotionally based 
intuitions that happen quickly, effortlessly, and automatically, while moral reasoning is formed 
slowly and with the effort exerted only after judgments have been made (post-hoc rationalization). 
Social neuroscientists have also brought a new perspective on moral judgment: the dual process 
theory of morality (Greene et al., 2004). According to this theory, a complex interaction between 
cognitive and affective psychological mechanisms influences moral judgments.

In response to the criticisms of Kohlberg’s theory, Rest and his colleagues (1999) introduced 
the Neo-Kohlbergian approach, which retained Kohlberg’s fundamental framework while inte-
grating schema theory. This model conceptualizes moral development as a shift in the distribu-
tion of three primary ‘schemas’ – the Personal Interest Schema, the Maintaining Norms Schema, 
and the Postconventional Schema  – rather than a linear progression through six discrete ‘stages’ 
(Thoma & Dong, 2014). Contrary to Kohlberg’s assertion of the universality of moral stages, this 
approach recognizes that moral schemas are context-dependent and can be influenced by factors 
such as emotional information (Thoma & Dong, 2014). To assess individuals’ levels of moral 
development, Neo-Kohlbergian researchers also developed the Defining Issues Test (DIT-1 and 
DIT-2) to detect shifts in these moral schemas (Rest et al., 1999).
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The DIT has found extensive use in exploring moral reasoning development in higher educa-
tion (King & Mayhew, 2002), including engineering ethics education (Hess & Fore, 2018; Hess et 
al., 2019). Furthermore, the DIT and DIT-like instruments, such as the Engineering and Science 
Issues Test (Borenstein et al., 2010), have also often been used to assess the effectiveness of engi-
neering ethics education (Watts et al., 2017, p. 14). Thus, Kohlberg’s theory (based on a conven-
tional or Cartesian/Kantian model of the emotion–reason relationship) has played an essential role 
in engineering ethics education, whether implicitly or explicitly (for a comprehensive overview, 
see Hess, Beever, et al., [2019]). This influence significantly shapes the teaching approaches of 
engineering ethics educators, often placing a strong emphasis on reasoning as the primary driver 
of moral judgment while downplaying the role of emotions, which are often regarded as irrelevant 
or even harmful (Guntzburger et al., 2019; Kellam et al., 2018; Lönngren, Adawi et al., 2021; 
Ottemo et al., 2021; Roeser, 2020; Sunderland, 2014). For example, widely used engineering eth-
ics textbooks such as those by van de Poel and Royakkers (2011), Fledderman (2011), and Harris 
et al. (2019) hardly even mention the term ‘emotion’ (Tormey, 2020). Similarly, engineering eth-
ics case studies are typically designed and presented as moral dilemmas to be resolved through 
logical reasoning, neglecting the important emotional aspects of moral judgment (Bairaktarova & 
Woodcock, 2017; Martin et al., 2021; Miñano et al., 2017).

Fortunately, there is a rapidly growing interest in emotions in engineering education and engi-
neering ethics education (Lönngren et al., 2023, preprint). For example, Roeser (2012, 2020) has 
emphasized the significance of emotions in technology ethics and design work. Others have shown 
that emotions play a crucial role in human-centered design practices (Bairaktarova & Plumlee, 
2022), development of professional engineering identities (Huff et al., 2021), and engineers’ abil-
ity to value moral decision-making (Hess et al., 2021). These researchers have argued that paying 
attention to emotions in professional engineering ethics is crucial. Others stress the importance of 
integrating emotions into engineering ethics education (e.g., Davis, 2015; Snieder & Zhu, 2020; 
Kim, 2022). Some even argue that emotions can bridge theoretical knowledge of engineering eth-
ics and practical decision-making (Davis, 2015; Newberry, 2004). In this direction, Sunderland et 
al. (2014) and Sunderland (2014) examined how project-based learning may engage engineering 
students’ emotions in engineering ethics education, finding that engagement with emotions can 
contribute to more meaningful ethics learning experiences for engineering students.

Another approach for introducing emotions into engineering ethics education can be using 
fictional films, as proposed by Hitt and Lennerfors (2022) (for more on this, see Chapter 36). 
According to the authors, fictional films can help engineering students relate to the ethical chal-
lenges engineers may face in their careers, empathize with the individuals affected by engineering 
decisions, and develop a more profound sense of moral awareness and sensitivity. Hess, Strobel, 
and Brightman (2017) and Hess et al. (2019) have also tested various models for incorporating 
emotions into teaching engineering ethics. For example, Hess et al. (2019) investigated how an 
emotionally engaging process can be applied to the practical examination of ethics cases. They 
employed a scaffolded, interactive, and reflective analysis (SIRA) approach and observed that it 
resulted in increased cognitive empathetic perspective-taking. Researchers have also begun to 
investigate the effects of including emotional information in ethics case studies on engineering 
students’ ethics learning (Thiel et al., 2013; Watts et al., 2017), activated moral reasoning schemas 
(Kotluk & Tormey, 2023), and moral judgment (Higgs et al., 2020) (this is explored in more detail 
in Chapter 20, on ‘teaching ethics using case studies’).

Thus far, we have identified that there are now multiple theoretical frameworks aiming to con-
nect reason and emotion in the ethical decision-making of individual engineers. So far, we have 
only explored connections between reason and emotion at the individual level. We next turn our 
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attention to the connection of reason and emotion at the next level of social analysis – the level of 
social interaction.

Reason and emotion in moral social interaction

We have described how moral philosophy and psychology research have begun attending to the 
multiple roles that reason and emotion can play in individual moral judgment and development. 
Engineering, however, is an inherently social profession characterized by complex social relation-
ships, distributed knowledge and production systems, unclear power structures, and conflicting 
value systems (Rojter, 2007; Ross & Athanassoulis, 2010). Thus, decisions on moral issues are 
never made by individual engineers alone – they are always also influenced by the social contexts 
in which engineers work and live. Similarly, engineering students learn ethics in the social con-
texts of educational institutions.

In this part of the chapter, we thus focus on the meso-level of social interaction among individu-
als and smaller groups, drawing on research from social psychology and critical discourse studies. 
In this type of research, emotions are not understood as residing ‘inside an individual’s head,’ but 
as co-constructed, negotiated, and used as rhetorical resources for influencing social norms or 
power relations (Ahmed, 2014; Lönngren, Adawi et al., 2021; Pepin, 2008). In other words, social 
interaction researchers are not interested in whether an individual ‘has’ or ‘experiences’ an emo-
tion. Instead, they study how people express emotions in social contexts, how social norms influ-
ence who expresses which emotions, and how the expression of emotions influences how people 
interact with and position themselves relative to others.

Social psychological and discourse studies employ many terms and expressions that may be 
new to readers trained in philosophical or psychological traditions. The most important concept 
for the discussion in this section is discourse, which refers to societal norms, rules, and practices 
that guide individual and collective behavior. Discourse is closely linked to schemas: we can say 
that people enact their schemas through discourse when they use language and other forms of 
communication in interaction with others to make sense of their experiences and create meaning 
together (Kvasny, 2005). Thus, professional ethics schemas can shape engineering ethics dis-
courses, including discourses constructing ethics as separate from the technical subject content 
and irrelevant to the engineering profession (Lönngren, 2021; Martin & Polmear, 2022; Nieusma 
& Cieminski, 2018; Polmear et al., 2019; Tormey et al., 2015). This is important since meaning 
created through such discourses, in turn, influences engineers’ and students’ professional sche-
mas.

Besides discourse, power is an essential concept in social interaction research. There are many 
ways of conceptualizing power, but here, we use a definition from positioning theory, where power 
refers to peoples’ rights and/or duties to perform specific actions in a given interactional context 
(Harré et al., 2009; Zembylas, 2016). Thus, like emotions, power is not something individuals 
‘have,’ but something that is dynamically assigned to people in specific situations. So far, how-
ever, there is very little research on emotions in relation to discourses and power in engineering 
ethics education (Lönngren, Bellocchi et al., 2024). This is unfortunate, since such research could 
provide important knowledge on how engineering education could position students as morally 
responsible agents and thus support students in developing schemas with a strong commitment to 
ethics in engineering practice.

To begin developing such research, scholars can draw on a growing body of social interaction-
ist research in other educational domains, which provides many valuable concepts and theories for 
studying emotion and power in social practices. Hochschild’s (1979) notion of feeling rules is an 
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essential and highly influential concept in such research. Feeling rules are social norms about who 
is expected to feel and express which emotions, how to feel and express them, and in which situa-
tion. In Western cultures, feeling rules typically associate rationality with strength, authority, and 
power, while emotionality is associated with weakness, submission, and loss of power (Bericat, 
2016). In engineering contexts, we can expect feelings rules to limit the range of emotions one can 
express without considerable social costs (e.g., loss of status and power; Lönngren, Adawi et al., 
2021). This, in turn, may pose significant challenges for ethical decision-making since it becomes 
challenging to express emotions related to, for example, compassion, empathy, and care. Thus, 
to strengthen moral schemas, we must also challenge prohibitive feeling rules in engineering. 
Another critical issue is that emotionality is often associated with women, minoritized groups, 
and groups with lower socio-economic status. This association exacerbates inequality and unequal 
representation in engineering and engineering education, since groups with lower status are likely 
to face an even greater loss of power when they express or engage with emotions (Ahmed, 2014; 
Boler, 1999; Lutz, 1996). As a result, individual students and engineers have unequal opportuni-
ties to use emotions to support ethical decision-making (e.g., exploring emotions to identify and/
or communicate concerns about ethical issues).

Emotional labor (Hochschild, 1983) is another crucial concept, referring to the effort profes-
sionals perform when they express emotions that are socially expected but not aligned with how 
they feel or when they try to change their emotions to better align with social norms and expecta-
tions. Emotional labor is pervasive in educational settings and has been studied in, for example, 
higher education (Lawless, 2018), science education (Zembylas, 2004), social justice education 
(Rivera Maulucci, 2013), and engineering education (Adams & Turns, 2020; Kotluk et al., 2023). 
Due to the strong rationality discourses in engineering, engineering students and professionals are 
often required to perform emotional labor to control and repress their emotions and to reconcile 
rationality discourses with demands to show empathy and care (Buzzanell et al., 2023; Lönngren, 
Adawi et al., 2021). Education research has also shown that members of some minoritized groups 
may be expected to be more empathic and caring than others (Maddamsetti, 2021; cf. Nair & 
Bulleit, 2020 for an introduction to care ethics in engineering education) while also having to 
deal with emotions related to discrimination, prejudice, and a lack of power (DeCuir-Guby et al., 
2009).

Finally, emotional capital provides a helpful lens for exploring engineering students’ and pro-
fessionals’ access to tools for moral decision-making. The concept is associated with Bourdieu’s 
work and describes how organizations and cultures tend to value the habitus (schemas) of power-
ful social groups over those of others. Emotional capital has been defined as “one’s trans-situa-
tional, emotion-based knowledge, emotion management skills, and feeling capacities, which are 
both socially emergent and critical to the maintenance of power” (Cottingham, 2016, p. 454). 
In educational contexts, emotional capital is unequally distributed, meaning that particular emo-
tional schemas are valued more than others (Zembylas, 2007). This can further exasperate unequal 
access to emotional resources for ethical decision-making.

Much of the early work on emotions in social interaction developed as a critical response to 
conventional theories that saw emotion and rationality as distinct and thus sought to explain social 
interaction through purely rational processes (Wetherell, 2013). More recent research, however, 
has begun to explore more critical and radical approaches that position reason and emotion relative 
to each other. For example, a study of engineering students’ reflections on addressing a complex 
sustainability issue has illustrated how students can use discourses of reason and emotion side by 
side (Lönngren, Adawi et al., 2021). Engineering education researchers and practitioners have 
much to learn from those students!
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Rationality and emotion in moral action at the institutional and societal level

Previous sections in this chapter have explored how reason and emotion interact in moral judg-
ments made at individual and meso-interactional levels. Each has highlighted an intellectual shift 
from more conventional understandings of the reason–emotion relationship to more critical or 
radical conceptions. The text has shown that these intellectual shifts are not yet well reflected in 
work on engineering ethics education. In this section, we focus on the macro-social level – involv-
ing social institutions and broader cultural contexts – from the perspective of sociology. This topic 
requires making yet another shift regarding the language used to describe phenomena related to 
reason and emotion.

The terms ‘rationality’ and ‘reason’ come from the same root and effectively mean the same 
thing (one could play a semantic game to disentangle them, but in practical terms, people use the 
terms interchangeably). In sociology, the term ‘rationalization’ is more commonly used, so it is 
used in this section. The key argument in this section is that rationality and emotion are impor-
tant not only in understanding the ethical action of engineers at the level of the internal mental 
processes of individual engineers, or in terms of the discourses of reason and emotion that shape 
their interactions, but also because the product of engineering rationality becomes embedded in 
technologies and social systems that, in themselves, have an impact on the moral action of the 
people who live and work within them. One key sociological concept in this regard is that modern 
societies are characterized by a process of rationalization (Weber, 1930/1992).

Weber’s account has been very influential and controversial in sociological analysis, particu-
larly in Western societies (see Chapter 9 for a range of more contemporary accounts). For Weber, 
Western cultures that increasingly valued rational action created bureaucratic, accounting, legal, 
and managerial rules based on rational evaluation according to clear rules and metrics, thus remov-
ing emotion from decision-making. These rationality-based social systems and the technologies 
that support them are often the work of engineers. The process of division of labor, for example, 
in which work tasks are studied, quantified, and then subdivided and distributed across multiple 
workers, is based upon principles of scientific management first articulated by mechanical engi-
neer F. W. Taylor. The principles of scientific management remain a key organizing principle in 
workplaces today (see Ritzer, 2020).

One of Weber’s concerns was that the increasing rationalization of societies had implications 
for moral or ethical action (in what follows, we will apply these to engineering situations, but 
Weber was not, himself, particularly concerned with engineering). He saw rational social systems 
as characterized by rule-based and quantified behavior in which decisions are based on rules, 
laws, and calculations rather than on consideration of ‘right’ and ‘wrong.’ Hence, the space for 
moral decision-making was progressively reduced; in the language of the neo-Kohlbergian model 
introduced above, one could say that social organizations such as companies or other bureaucratic 
institutions created the conditions in which post-conventional moral reasoning was progressively 
replaced by decisions that were required to be taken based on conventional moral reasoning. One 
way this happens is through the division of labor, which implies that engineers are often charged 
with decisions about ‘how’ rather than ‘what’ or ‘why.’

In engineering ethics education, the effects of this division of labor can be seen in the fore-
grounding of discussions as to what is (and is not) the ethical responsibility of the engineer. The 
engineering ethics textbook of van de Poel and Royakkers (2011), for example, begins with a dis-
cussion of whether the engineer who had identified potential problems with the Challenger Space 
Shuttle before take-off was responsible, as a salaried employee who was hierarchically below a 
manager, for doing more than reporting the problem to managers. From a sociological perspective, 
the question here is not simply whether the individual engineer has a responsibility to do more, but 
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rather how the social system that separates the ‘how’ and ‘what’ questions had emerged in the first 
place, as a result of a series of rational organizational decisions.

The Challenger case is a spectacular one but, in the Weberian account, not the only one. This 
issue (what is the responsibility of the engineer vis a vis the manager) has been framed by engi-
neering ethics educators in different ways (see, e.g., Bucciarelli, 2008; Johnson, 1992). One way 
of thinking about this is the distinction between the teaching of micro-ethics, which is concerned 
with the responsibility of the individual engineer as an employee, and macro-ethics, which is 
concerned with the broader responsibility of the profession as a collective (Bielefeldt et al., 2016; 
Dyrud, 2014; Herkert, 2001). A possible takeaway from a macro-social analysis for engineering 
instruction on macro-ethics is the need to problematize and analyze (rather than accept as taken 
for granted) the social process through which laws, rules, bureaucracy, and the division of labor in 
organizations reduce or expand the space for engineers to make ethical decisions.

Weber’s original account of rationalization saw rationalization as implying a progressive 
removal of emotion as an organizing principle in social life (see, e.g., 1930/1992, p. 73). However, 
as Barbalet noted (2001), this conception only holds as long as a traditional, Kantian understand-
ing of ‘emotion as disturbance’ is used. While rationalization could be described as aiming for the 
removal of disturbance from social life, the radical view of the relationship between reason and 
emotion recognizes that rationally working to find the optimal means towards a given end requires 
a calmness that comes from not feeling threatened and from trusting that a given action will result 
in a given outcome (Barbalet, 2001, p. 49).

Indeed, since the 1990s, there has been an increasing recognition of the importance of ‘trust’ 
in the organization of social life (Möllering, 2001). Trust has been described as a mental pro-
cess involving a sense of suspension that enables favorable expectations regarding other people’s 
actions and intentions (Möllering, 2001). In a sociological sense, trust is important because one 
of the features of the modern social system is that it connects people across cultures, space, and 
time. If we take, for example, a piece of technology like a mobile phone, the technology itself 
is based on using materials extracted from the earth in Central Africa (Fitzpatrick et al., 2015); 
built in factories in China, in which workers’ rights and working conditions have been questioned 
(Josephs, 2013); and disposed of in countries such as China, India, Nigeria, Ghana, and Pakistan 
in circumstances that can lead to ground and water pollution (Awasthi et al., 2016).

In this complex sociotechnical system, a person is ‘disembedded’ (Giddens, 1991) from the 
other people they indirectly interact with across space and social distance (in the case of those 
from other cultures and countries who are affected by mineral extraction or electronic waste) and 
across time (in the case of a future generation affected by toxic waste). At a societal level, ‘trust’ 
allows us to suspend questions about the operation of social systems. Trust, therefore, reduces 
the impact of social complexity on individual persons (Luhmann, 1979) as it allows us to place a 
bracket around a whole set of relationships and to accept that these relationships will give rise to 
expected outcomes. Thus, while trust is generally regarded as a positive emotion, at a social level, 
its effects are more morally ambiguous.

Trust in disembedding social systems has another emotional impact: those affected by our deci-
sions across cultures, space, and time are rendered psychologically invisible and emotionally dis-
tanced. In other words, if we had to interact directly with factory workers in China, they would 
have a face and a name and would be hard to ignore emotionally – social systems of trade dis-
embed us from them and so enable emotional distance and make them psychologically invisible. 
Thus, the engineer working on an application for a mobile phone can feel no emotional connection 
to the Central African miner; the Chinese laborer; the Indian, Nigerian, Ghanaian, and Pakistani 
e-recycling worker; or those affected by the carbon footprint of their application. In this sense, 
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rationalization produces the emotional experience of impersonality (Weber 1930/1992, p. 259) 
or a lack of compassion and empathy. This reinforces the lacking sense of responsibility for the 
socially distributed effects of engineers’ actions in a rationalized world.

Conclusions and ways forward

In this chapter, first, we have presented a historical paradigm shift across multiple disciplines 
toward exploring the relationships between reason and emotion in moral judgment, in the moral 
nature of interactions and power dynamics, and in the moral problems that result from the ways in 
which trade, law, accounting systems, and organizations shape the effects of engineering decisions.

Considering the current evidence from moral psychology, we should focus on the role emotions 
play in moral decision-making and ethics learning in engineering ethics education, moving beyond 
the traditional focus on reason alone. For example, emotions linked to ethical issues can play a 
critical role in the decision-making and learning processes. Although some research has been done 
on the impacts of moral emotions on engineering students’ moral judgment (Higgs et al., 2020; 
Kotluk & Tormey, 2022), more research is still needed. There is also a need to focus more on the 
emotional dimensions of teaching and learning ethics to ensure that future engineers have knowl-
edge about what is ethical and the capabilities and dispositions needed to assume moral responsi-
bility. However, engineering ethics education or research has not yet adequately investigated the 
impacts of moral emotions on ethics learning.

Second, we have discussed how engineering as a profession involves complex social relation-
ships and power structures. We have shown that moral decision-making in engineering is not an 
individual act but is influenced by the social and cultural environments in which engineers work 
and live. Thus, attending to emotions in moral decision-making can have different social costs for 
diverse groups of engineers and engineering students. Yet, there is currently a lack of research 
exploring the connection between power dynamics and emotions in engineering ethics education. 
We suggest that a growing body of sociological and social interactionist research in other educa-
tional fields could be a foundation for such research.

Finally, taking a sociological perspective, we have examined how the institutional, emotional, 
and rational aspects of society (macro-level) impact engineering ethics education. Analyzing 
rationalization and emotion at a macro-social level has several implications for engineering ethics 
and engineering ethics education. First, it asks us to question conventional engineering ethics – 
with its focus on micro-ethical judgments, which are made within a highly constrained setting in 
which the engineer can only be ‘responsible’ for a limited number of decisions. It suggests that we 
should also focus more on macro-ethical questions, which take seriously the ways in which ration-
alized financial, legal, and organizational factors affect what gets to be ‘defined in’ and ‘defined 
out’ of engineer’s ethical judgments. Second, it asks us to bring emotion back into ethics ques-
tions and ethics education. It highlights that we should perhaps be clearer about the role of ‘trust’ 
in bracketing off ethical components of engineering decisions and that we may need to work on 
building better capacities in engineers to imagine and feel emotions like compassion, empathy, or 
pity for those affected by the effects of engineering actions.

To sum up, this chapter has presented the arguments for why reason has historically been pri-
oritized and why emotions have not been fully integrated into engineering ethics education on 
various levels – individual, interpersonal, and societal. It is crucial to note that research on the 
roles of reason and emotion in moral decision-making in engineering ethics education has mainly 
derived from moral psychology and is based on psychological processes. However, the evidence 
from social psychology and the perspectives presented by sociology have thus far been given little 
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consideration. Ultimately, we suggest that engineering ethics education must engage more with 
social and cultural psychology and sociology to better understand how reason and emotion interact 
in engineering ethics education.
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Introduction

Codes are prolific in engineering. Most codes are technical in nature; they make up the standards 
and design manuals that provide engineers with historically validated methodologies and ‘best 
practices’ that can be used to transform a basic understanding of the engineering sciences into 
functional systems that are deemed safe, efficient, and effective. Other codes are more aspirational, 
such as the codes of ethics. Undergraduate classroom instruction surrounding these codes of eth-
ics varies drastically depending on region and pedagogical strategy, which can limit engineering 
students’ ability to recognize how ethics will function in their daily decisions as professionals 
(Colby & Sullivan, 2008a). Haws (2001) even argues that a one-sided focus on codes of ethics in 
engineering ethics education can be harmful as codes are allegedly platitudinous and thus do not 
contribute to students’ learning about ethics. Thus, we echo Martin et al.’s (2020) call for more 
curriculum instruction on the codes of ethics that govern the engineering profession, instruction 
that would intertwine the existing technical curriculum with more attention to legal and aspira-
tional aspects of professional codes.

When codes of ethics do enter the curriculum, educators tend to emphasize the legal aspects 
of the codes, as engineers can face severe consequences for violating these codes (Hess & Fore, 
2018). By legal aspects, we mean the codes that can be deemed punitive. These codes tend to 
represent the bare minimum of ethical behavior engineers should adhere to. For example, Chapter 
471.033 of the Florida (USA) Statutes (2023) states: “The following acts constitute grounds for 
which … disciplinary actions … may be taken: Item (g) – Engaging in fraud or deceit, negligence, 
incompetence, or misconduct, in the practice of engineering.” Violations of this statute can lead 
to the loss of professional licensure, fines, and/or the requirement to pay restitution to those who 
were adversely impacted. The American Society of Civil Engineering (ASCE) Code of Ethics 
(2020) also contains elements that discourage the behaviors proscribed by the Florida Statutes: 
“Engineers express professional opinions truthfully and only when founded on adequate knowl-
edge and honest conviction. Engineers have zero tolerance for bribery, fraud, and corruption in 
all forms, and report violations to the proper authorities.” This ASCE example reinforces how 
the organizational legal code can align with the regional statutes; the dual emphasis on fraud and 
corruption also makes it very clear to students that engineers – as professionals and members of 
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the discipline – must not engage in this unethical (and illegal) behavior. Students who study these 
legal elements of codes can easily grasp that they should not engage in corrupt behavior.

What students might not get a chance to study thoroughly, though, are the aspects of codes of 
ethics that are more difficult to grasp. For instance, Martin et al.’s (2020) study of Irish engineering 
curricula revealed that only 1% of courses included instruction on how the work of engineers is 
connected to society and the natural environment. We label these aspects of codes as aspirational 
to distinguish them from the technical or punitive legal aspects. We do so because they are not 
directly connected to regional statutes and law. They are also more abstract due to the subjective 
nature of the concepts. The wording of these parts of codes tends to be more abstract and, thus, 
needs further interpretation and agreement to be enacted. Take ASCE’s other ethical tenets as an 
example. They state engineers shall:

• treat all persons with respect, dignity, and fairness, and reject all forms of discrimination and 
harassment (“1(f). Society” quoted from ASCE, 2020)

• acknowledge the diverse historical, social, and cultural needs of the community, and incor-
porate these considerations in their work (“1(g). Society” quoted from ASCE, 2020)

• adhere to the principles of sustainable development (“2(a). Natural and Built Environment” 
quoted from ASCE, 2020)

• use resources wisely while minimizing resource depletion (“2(d). Natural and Built 
Environment” quoted from ASCE, 2020)

Treating all persons with respect, dignity, and fairness is not as clear cut to students as the legal stat-
ute that engineers ‘don’t accept a bribe.’ Also, these aspirational aspects of codes represent societal 
values that have not been widely accepted – or even understood – but point to an ethical behavior 
that engineers should work towards. While safety and (monetary) honesty are more understood and 
accepted values, issues related to equity, diversity, and inclusion are debatable and might even be 
considered controversial in some contexts, which we will return to later in this chapter.

By placing the aspirational elements of engineering codes of ethics alongside the more tradi-
tional legal aspects, engineering professional organizations attempt to serve as a moral compass 
for the profession and guide members through the myriad considerations involved in protecting 
the natural environment and the health, safety, and welfare of the public. There are well-docu-
mented cases of engineers actively subverting environmental laws (e.g., the ‘Dieselgate’ affair at 
Volkswagen) or disregarding the health impacts of engineering decisions when they affect eco-
nomically disadvantaged communities (e.g., the water crisis in Flint, Michigan). However, there 
are many more cases where competing interests, politics, and moral ambiguity may leave engi-
neers struggling to decide between the pragmatic maximization of efficiency and profit or prioritiz-
ing their aspirational commitment to public health, safety, and welfare.

We argue that one of the challenges with the aspirational aspects of codes is that they require 
more contextualization than the legal ones. Educators may need to weave these aspirational ele-
ments into a variety of lessons, ground them in ‘real-world’ experiences, and break down their 
concepts to make them meaningful and applicable. Students may need more time to understand 
the subjective and ‘novel’ nature of the concepts and behaviors included in aspirational codes. 
This can become highly complicated when one considers that different engineering disciplines 
practiced in different geographical and social contexts will necessarily operate under different 
legal and ethical obligations.

Thus, in this chapter, we contextualize the codes of ethics (hereon referred to as ‘codes’) and 
their respective professional organizations to provide a resource for engineering ethics researchers 
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and educators who wish to use codes in their research or teaching. To do so, we use the framework 
of professionalism developed by Freidson (2001). After explaining Freidson’s framework, we pro-
vide a brief account of the early history of codes of ethics before getting to the primary purpose of 
the chapter, namely to contextualize the codes in the inextricably linked histories of engineering’s 
professional organizations, the development of the codes, and their modern implications with a 
geographical focus on the United States and Canada. While attention to the codes is at least present 
– if varied – in engineering curriculum, connections between engineering and engineering ethics 
are often neglected (Mitcham & Englehart, 2019). The development and promotion of engineer-
ing codes in Western societies are rooted in the modern professional organizations that began 
in the 19th century, for example, the Institution of Civil Engineers (ICE) in 1828, Institution of 
Mechanical Engineers (IMechE) in 1847, American Society of Civil Engineers (ASCE) in 1852, 
Institution of Electrical Engineers (IEE) in 1871, American Society of Mechanical Engineers 
(ASME) in 1880, and American Institute of Electrical Engineers (AIEE) in 1884. Using codes, 
professional organizations and their members have standardized engineering practices. Like the 
codes they create, professional organizations are prolific and vary by discipline and region; there-
fore, we provide a four-part model linked to Freidson’s framework for understanding how differ-
ent professional organizations guide the practice of engineering – and thus the daily decisions of 
engineers. We conclude by identifying the modern implications of these codes.

This model of contextualization can help engineering ethics researchers and faculty members 
more fully integrate the technical, legal, and aspirational dimensions of engineering, as suggested 
by Conlon et al. (2018). It can also help students contextualize the codes that govern their future 
profession and encourage them to move beyond simply solving problems to a professional who 
can identify problems and the broader impacts that engineering solutions have in society (Downey, 
2015).

A crucial limitation of this work relates to its geographical scope. As authors, we quickly real-
ized that a global analysis would become overwhelming; it would not be possible for us to ade-
quately compare and contrast different codes of ethics or professional organizations from around 
the world. Instead, we decided to focus on North America with the systems we (authors) are most 
familiar with navigating. We hope the framework will prove helpful and that engineering educa-
tion researchers will further refine this approach as they apply it in different contexts in different 
locations and organizational settings.

Positionality

The first author of this chapter, Jeff, identifies as a white male, married with two children. His 
traditional engineering background is in civil structures. Jeff’s current research interests include 
ethics in engineering education and service learning in the context of international development. 
The second author, Leroy, identifies as a Black man (a US descendant of Black people who were 
enslaved) and a person of faith. He is a department chair in mechanical engineering technology 
and devoted community servant. Growing up in the US Midwest, Leroy earned two degrees in 
mechanical engineering as well as a Ph.D. in STEM education. As a graduate student, he pub-
lished research and designed engineering ethics coursework. The third author, Taylor, identifies as 
a cisgender white woman from a family of educators. Growing up in the northeast United States, 
she has earned degrees in English and American Literature, focusing on gender studies and Cold 
War Culture. Currently, Taylor is a tenured associate professor teaching interdisciplinary literature 
courses and honors seminars on Cold War Culture and Environmental Literature. Her publications 
reflect her work in cultural studies, pedagogy, assessment, and Rhetoric and Composition. The 
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fourth author, Renato, was born and raised in the northeast region of Brazil and is now a settler in 
Winnipeg, Canada. With a background in engineering and philosophy, he is now a Ph.D. candidate 
in engineering education – researching ways of thinking in engineering that acknowledge, iden-
tify, and respond to the sociotechnical nature of engineering practice. His general interests are in 
Science and Technology Studies, Emancipatory Education, and Critical Pedagogy.

Starting the conversation: sharing a framework for professionalism

A good starting point for any conversation around codes is the history of professionalism and how 
codes are embedded into organizations and professional practices. This can help students under-
stand why legal and aspirational codes of ethics are critical to their future engineering profession. 
Even if students might think of professional ethics solely through the lens of ‘responsibilities,’ 
they should also understand the ‘privileges’ that accompany professional status and how these 
privileges are jeopardized if the public loses trust in a profession’s work. Hence, scholars like 
Conlon et al. (2017) propose including a broad social purpose in the definition of engineering. 
Critical conversations (Rottman & Reeve, 2020) could then explore an engineer’s ‘privileges’ ver-
sus ‘responsibilities.’ Ideally, engineers would ultimately go a step further and use ethics to take a 
more activist stance as professionals (Colby & Sullivan, 2008b).

A useful framework for understanding professionalism was developed by Freidson (2001). The 
framework identifies five critical elements that position professionalism as a unique, socially con-
structed mechanism for organizing a particular type of labor within the broader economy. Below 
are the first four:

 1. Specialized work … believed to be grounded in theoretically based discretionary knowledge;
 2. Exclusive jurisdiction in a particular division of labor that is created and controlled by occu-

pational negotiation;
 3. A sheltered position in both external and internal labor markets … that is based on qualifying 

credentials;
 4. A formal training program lying outside the labor market that produces the qualifying creden-

tials, which is controlled by the occupation and associated with higher education. 
(Freidson, 2001, p. 127)

The first element, specialized work, should be easily recognizable to engineering students. 
Engineering is a distinct body of knowledge (Colby & Sullivan, 2008a). The second element, 
exclusive jurisdiction, may require additional unpacking. The distinctions between different dis-
ciplines in engineering, and their corresponding professional organizations, is a practical example 
of how jurisdiction over specific engineering functions has been negotiated to allow for specializa-
tion – even sub-specialization – within different engineering disciplines (see Chapters 14–18 on 
ethical issues in different engineering disciplines). The sheltered position concept is probably the 
least familiar to engineering students, but the basic idea is that by completing a specific degree 
program, obtaining specific experience, and possibly becoming a licensed professional, the status 
that one achieves is at least partially protected because only others who have also achieved the 
same status can compete for the same type of work. Finally, the formal training program tied to 
higher education is highly relevant to engineering students and should be easily recognized (Colby 
& Sullivan, 2008a; see Chapters 32–36 on accreditation).

These four elements of Freidson’s theoretical framework form the basis for the legalistic ele-
ments of engineering codes of ethics. Because the engineer, like other professionals, is granted 
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exclusive jurisdiction and a sheltered position within the broader market economy, the engineer is 
required to refrain from committing fraud or deceiving others through their work. Engineers are 
required to refrain from negligence, incompetence, or misconduct when executing their work. If 
an engineer refuses to abide by these requirements, the State or company will refuse to provide the 
sheltered position and/or rescind exclusive jurisdiction.

What, then, is the basis for the aspirational elements of engineering codes of ethics? The fifth 
element of Freidson’s typology contends that professional work embodies “an ideology that asserts 
greater commitment to doing good work than to economic gain and to the quality rather than the 
economic efficiency of work” (Freidson, 2001, p. 127). Freidson builds on this assertion with three 
additional points that support the inclusion of aspirational elements in codes of ethics: (1) The 
professional ideology of service goes beyond serving others’ choices. (2) Rather, it claims devo-
tion to a transcendent value which infuses its specialization with a larger and putatively higher 
goal, (3) which may reach beyond that of those they are supposed to serve. Aspirational elements 
of engineering codes of ethics provide organizations an opportunity to articulate their ‘transcend-
ent values’ while, hopefully, inspiring their members to devote themselves to these higher goals. 
Helping students understand why professional organizations might (or not) include references to 
environmental or social concerns as part of their codes of ethics is an important aspect of profes-
sional formation.

Of course, aspirational elements of codes will often have legal components defined in various 
locations within a legal jurisdiction’s statutes. For example, legally binding building codes will 
often dictate minimum energy-efficiency requirements for buildings – to minimize energy use. 
Engineers operating in a given jurisdiction would be legally obligated to produce designs that 
meet these minimum requirements. But why the need for aspirational elements in engineering 
codes of ethics if these obligations may be already spelled out elsewhere? The answer can point 
in two directions: (1) the aspirational elements can be viewed as an encouragement for engi-
neers to think critically about minimum requirements and attempt to improve designs beyond 
legal requirements, and (2) the aspirational elements can serve as a reminder to the engineer 
that whenever conflicts might arise, the engineer’s obligation lies first with the aspirations of the 
profession.

Legal and aspirational parts of early codes of ethics

Concepts related to professionalism, professional responsibility, and ethical behavior have histori-
cal roots that date back centuries (Moriarty, 2001). These are concepts that can easily be intro-
duced during class discussions, particularly the classic example of Hammurabi’s Code for the 
Babylonian Empire in the eighteenth century BC, which established rules and guidance for a 
wide array of business transactions, legal proceedings, and expectations for professional services. 
Builders could be executed for shoddy construction if a structural failure caused the death of the 
building’s owner or his son. Several (some gruesome) provisions were also made for physicians:

218. If a physician makes a large incision with the operating knife, and kill him, or open a 
tumor with the operating knife, and cut out the eye, his hands shall be cut off.

Fast forward roughly 1,000 years (circa eighth–fifth century BC) to when the author of Deuteronomy 
established several relevant demands upon the Israelites that are easily recognizable in a modern 
professional context: judges should “not accept a bribe, for a bribe blinds the eyes of the wise and 
twists the words of the righteous” (Deut. 16:19). With the focus on bribery, the language mimics 
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the current ethical code from ASCE that mentions a ‘zero tolerance for bribery.’ Regardless of the 
profession – judge or engineer – bribes have been clearly unethical for centuries. Also, there is a 
call in the Old Testament to anyone engaged in homebuilding (what Freidson would call ‘special-
ized work’): “you are to construct a railing around your roof, so that you do not bring bloodguilt 
on your house if someone falls from it” (Deut. 22:8). Even if the language of Deuteronomy may 
seem clunky to the modern reader, professors can ask students what a contemporary version of a 
‘code written in blood’ might be. Students can compare a variety of modern codes to identify how 
modern codes tend to opt for the positive assertion to simply protect the safety of the public, while 
still threatening legal penalties or licensure removal.

Legal and aspirational aspects of codes also can be found in the Twelve Tables of Roman Law 
(449 BC):

Table 7.6. The width of a road … shall be eight feet on a straight stretch, on a bend … sixteen 
feet.

Table 8.1b. If anyone sings or composes an incantation that can cause dishonor or dis-
grace to another … he shall suffer a capital penalty.

Comparing Table 7.6 and 8.1b can help students think critically about different community needs. 
Here, 7.6 is a clear-cut and policy-based code, and 8.1 is much more complex. Both give bounda-
ries to different professions that can introduce students to the long history of professions and the 
changing punishments for violating professional codes. When given this context, students can situ-
ate their own engineering profession into this larger historical framework, a long view that many 
engineering ethics modules don’t include.

Professional organizations and their codes

Students should also learn about the different types of professional organizations and how they 
have contributed to legal and aspirational codes to contextualize current codes better. The compli-
cated history and current events that shape professional organizations are critical for understand-
ing their role in codes of ethics – including legal and aspirational elements. Paralleling the way 
Freidson’s (2001) typology of professionalism can be used in the classroom, we have identified 
four general categories of professional organizations: Regulatory, Body of Knowledge, Education, 
and Affinity Organizations. Through the graphical representation of these relationships, seen in 
Figure 5.1, educators, researchers, and students can better understand how these organizations 
form and frame professionalism and ethics in engineering.

In Figure 5.1, we situate the fifth element of the fivefold typology for professionalism – a com-
mitment to good work – at the center to highlight the connection to codes of ethics and the ideals 
they aspire to achieve. The organizational types are located outside the model but closest to the 
elements they are generally associated with from Freidson’s model. The dashed lines in the model 
represent modes or mechanisms that the organizations must work through to achieve these goals. 
For example, regulatory-focused professional organizations, like NCEES and Engineers Canada 
(through Provincial and Territorial Regulatory regulators), work not only to ensure that engineers 
are appropriately certified but also to develop regulatory frameworks that legislative bodies (rep-
resented by the dashed line) can enact as laws to guarantee exclusive jurisdiction and a shel-
tered position for engineers. Many affinity organizations, such as the Society of Women Engineers 
(SWE), were formed in response to persistent underrepresentation in the profession (see dashed 
line), and others were created to earn the power they lack but rightfully deserve.
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Regulatory professional organizations

Engineers Canada and NCEES are North America’s largest professional organizations dedicated to 
influencing how the government regulates engineering practice. Students need to understand how 
these organizations operate because they influence legislation and encourage ethical behavior in 
engineering through their specific codes.

Engineering licensure in Canada

To practice engineering in Canada, one must be licensed through a regulatory body that acts at 
the provincial and territorial level. At the national level, there is a ‘harmonization’ promoted by 
Engineers Canada’s recommendations through guidelines, papers, and tools developed by profes-
sional engineers in collaboration with provincial and territorial regulators (Engineers Canada). 
However, these are not rules – and provincial and territorial engineering regulators may adopt 
them entirely, in parts, or not at all.

The first act to regulate the practice of engineering in Canada was passed in 1896 in Manitoba. 
However, it was repealed in 1913 due to a lack of administrative machinery to enforce the act. 
It was not until 1920, after the Great War, that six provincial regulatory bodies were formed to 
regulate engineering practices in their respective provinces. Canada’s national engineering organi-
zation was created in 1936 to bring the provincial and territorial regulators ‘into greater harmony.’ 
Although licensure requirements vary, they generally include academic experience, work experi-
ence, professionalism and ethics, and good character. At the national level, Engineers Canada – 
through the Canadian Engineering Qualifications Board (CEQB) – develops guidelines and papers 
to promote consistent engineering practice across the country, but this board does not serve as a 
regulator or rule enforcer. Ethics is a core aspect of professional licensure in Canada, as candi-
dates must pass the National Professional Practice Exam (NPPE), which covers knowledge of 
laws affecting the engineering profession, professional standards, engineering ethics, and other 
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intellectual property topics (Professional Engineers Ontario, n.d.). The NPPE requirement forces 
all potential practicing engineers to be able to regurgitate basic legal, professional, and ethical 
Canadian standards, but the exam does not (nor can it) help students aspiring to be engineers to 
abide by legal or aspirational aspects of codes of ethics.

The engineering code of ethics in Canada has a long history. The provincial regulatory bod-
ies developed the first engineering codes of ethics right after their creation (e.g., Engineers 
Geoscientists Manitoba in 1921 and Professional Engineers of Ontario in 1923). Some of these 
codes were included in the first version of the engineering act and, therefore, were enforceable by 
the regulatory body. In contrast, it took a couple of decades before other codes were included in the 
act through amendments (Professional Engineers Ontario, 2022). Like the ancient professionalism 
examples, these first codes focused mostly on the legal aspects, including bribery, underbidding, 
providing honest and true information, and confidentiality. In these early stages, there was no men-
tion of aspirational elements, such as public interest or environmental consideration.

Engineers Canada (more specifically, CEQB) developed the current National Code of Ethics 
in consultation with provincial and territorial regulators. “Based on broad principles of integ-
rity, truth, honesty, and trustworthiness, respect for human life and welfare, fairness, openness, 
competence, and accountability” (Engineers Canada, 2016, p. 2), these codes are reflected in ten 
tenets. Some are focused on the legal aspects (e.g., “to maintain confidentiality and avoid con-
flicts of interest” (Engineers Canada, 2016, p. 3), and others are more aspirational (e.g., “to hold 
paramount the safety, health, and welfare of the public and protect the environment” (Engineers 
Canada, 2016, p. 3). Engineers Canada’s Code of Ethics still includes historical bribery men-
tions but also aspirational tenets of safety, whistle-blowing, social and environmental impacts, 
and equity. This shows how codes of ethics can change and evolve through time and are based on 
largely agreed-upon values by the professional organizations. Sharing this context with students 
shows where the profession came from and where it is heading.

As indicated above, in Canada, each provincial and territorial regulator is free to adopt Engineers 
Canada’s Code of Ethics (fully, in part, or not at all) to serve regulatory and legal purposes. For 
instance, in Manitoba, regulators use Engineers Canada’s Code of Ethics almost verbatim but do 
not include tenet 9 (“treat equitably and promote the equitable and dignified treatment of people in 
accordance with human rights legislation”) or tenet 10 (“Uphold and enhance the honor and dignity 
of the profession”) (Engineers Geoscientists Manitoba, 2018, p. #). Another example is Alberta’s 
engineering association, whose code of ethics includes only five tenets but covers and expands on 
all principles from the Engineers Canada’s Code of Ethics, such as an entire subsection dedicated to 
bias in the profession (Association of Professional Engineers and Geoscientists of Alberta, 2022). 
Ontario’s regulators use different wording but include many legal principles outlined in the national 
codes. However, more aspirational principles, such as equity, diversity, sustainability, and social 
impacts, are not mentioned or covered in Ontario’s code of ethics (Professional Engineers Ontario, 
2023). Students studying in this province can and should be curious as to why this is the case – What 
makes Ontario different from the other provinces? Are there political or cultural events that would 
keep diversity, equity, and inclusion (DEI) or social impacts out of the official principles? Getting 
students to consider these larger, more complex and culturally relevant concerns about their profes-
sion can provide them with real-world context that a basic engineering ethics case study could not.

Engineering licensure in the United States (NCEES)

Individual states regulate engineering practice in the United States. Each state has a Board 
of Professional Engineers that is granted the authority, by state statutes, to issue Professional 
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Engineering (PE) licenses. All of the state Boards of Engineers are members of the National 
Council of Examiners for Engineering and Surveying (NCEES), which is broadly responsible for 
four primary functions: (1) administering the Fundamentals of Engineering Examination and the 
Professional Engineering Examinations; (2) developing Model Laws and Model Rules that the 
state Boards of Engineers can adopt; (3) promoting professional ethics; and (4) co-ordinating with 
other domestic and international organizations to promote professional licensure. In the United 
States, a Professional Engineers (PE) license is necessary and beneficial in ways that differ from 
the gains that result from joining an engineering organization. Some employers may only hire can-
didates with a professional engineer’s (PE) license due to federal, state, and local laws as well as 
the needs of their clients. PEs are held to higher ethical and industry standards than non-licensed 
engineers. To become a PE, aspiring and current engineers must a) complete a bachelor’s degree 
from an accredited engineering program, b) pass the Fundamentals of Engineering (FE) Exam, c) 
work for 4 years under the direction of a PE, and d) pass the PE exam.

NCEES promotes Model Laws (NCEES, 2021) and Model Rules (NCEES, 2022b), but these 
only become enforceable once an individual state adopts them into their state statutes. In addi-
tion to the Model Laws and Model Rules, NCEES also maintains a document containing Position 
Statements intended to summarize consensus positions of the state Boards of Engineers (NCEES, 
2022a). These statements contain several elements that align with the elements of aspirational eth-
ics. For example, PS 34 “encourages professional engineers and professional surveyors to incor-
porate in their work and lives the principles and practices of sustainability to safeguard the health, 
safety, and welfare of the public” (NCEES, 2022a, p. 39). Analyzing position statements like PS 
34 and the conversation that spurred their appearance in the field will help students connect their 
professional identity to the environment and larger society impacts – something that Freidson 
(2001) posited in his fivefold typology. The most recent version of the Position Statements docu-
ment adopted in 2022 also includes PS 32, directly addressing DEI. In this statement, NCEES 
encourages its member boards to “advanc[e] licensure in such a way as to be inclusive of all people 
for the betterment of engineering … and trea[t] its employees and volunteers of the organization 
in an equitable and inclusive manner with respect, dignity, and fairness that fosters participation 
without regard to individual differences” (NCEES, 2022a, p. 38). By sharing this PS with students, 
educators can ask students to wrestle with concepts of diversity and inclusion that people in some 
North American regions have found particularly divisive. Chapter 34 of this handbook provides 
additional discussion regarding processes and implications of licensure and accreditation, and case 
studies from the United States and Ireland.

Educational standards organizations

Students should move beyond just learning about regulatory professional organizations and 
understand how, through these professional organizations, specific accrediting bodies like ABET 
and the Canadian Engineering Accreditation Board (CEAB) have evolved. Discussing this can 
illustrate the connections between professional organizations, codes of ethics, and engineering 
education. Due to the United States’ – and to a lesser extent Canada’s – decentralized education 
system, the influence of accrediting bodies on higher education can be more profound than in other 
nations (Akera & Seely, 2015). Without a more powerful centralized department of education, 
the objectives of some degree programs in higher education end up being shaped by professional 
organizations and their accrediting bodies. For example, in 1929, the Society for the Promotion 
of Engineering Education (now the American Society for Engineering Education) published A 
Comparative Study of Engineering Education in the United States and in Europe by William E. 
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Wickenden (1929). Wickenden’s two-volume report called for the creation of an organization to 
establish standards for engineering education programs and to conduct reviews of programs for 
compliance. Three years later, the Engineers’ Council for Professional Development (ECPD) was 
founded to establish personal and professional development training plans, enhance recognition 
for the profession, and identify curricula that met specific standards (Aldridge & Cryer, 2009). 
By 1935, Charles F. Scott, a former president of the American Institute of Electrical Engineers 
(AIEE), oversaw the first evaluation visits as the ECPD chairman; the following year, ECPD com-
pleted the first evaluations of engineering degree programs. Within the decade, the professional 
organization had evaluated and accredited programs at 133 institutions. Almost a century later, 
the power of accreditation is now even more profound because to be accredited, degree programs, 
curriculum maps, and classroom materials need to address the codes the organizations deem nec-
essary for engineering professions. In 1980, the ECPD became known as the Accreditation Board 
for Engineering and Technology (ABET), and at the turn of the century it developed EC2000. The 
EC2000 criteria govern ABET-accredited programs and are intended to give graduates “essential 
21st century skills such as the ability to work in teams and communicate effectively” (ABET, 
2021c, “Engineering Criteria, 2000” ¶ 3). Student learning outcomes (SLOs) regarding collabo-
ration now encourage degree programs to address ways their students work together in diverse 
teams.

CEAB

Like ABET in the USA, the CEAB – part of Engineers Canada – accredits national undergraduate 
engineering programs to ensure that they meet the standards for engineering education. Engineering 
programs typically want their graduates to be eligible for professional licensure, and graduating 
from an accredited engineering program automatically meets the academic requirements for an 
individual to achieve licensure as a Professional Engineer in Canada (Engineers Canada, 2016). To 
be accredited, programs must have a minimum of 1,850 accreditation units (AU), which include 
basic studies, discipline-specific studies, and complementary studies, with minimum AU require-
ments of 420, 900, and 225, respectively. One AU equals one hour of lecture with 50 minutes of 
activity or two hours of laboratory activities. Basic and discipline-specific studies provide techni-
cal competence, while complementary studies ensure that professional engineers have an aware-
ness of the broader context of engineering and include topics such as professionalism, ethics, law, 
communication, sustainability, project management, and engineering impact on society.

In addition to CEAB’s AUs, programs must also show that their engineering graduates are 
competent in 12 graduate attributes; two of these are ‘Professionalism’ and ‘Ethics and Equity’ 
(Canadian Engineering Accreditation Board, 2022). However, these two graduate attributes 
represent a small portion of the AU requirements and must compete with other important topics 
for the 225 AU reserved for complementary studies. Based on the minimum requirements, in 
the best case scenario, programs would have 530 AU to teach complementary studies, which 
would certainly provide instructors more opportunity and students more exposure to engi-
neering ethics and professionalism. Each degree program can determine how many AUs are 
dedicated to complementary studies (225–530) and how these are split among the many topics 
competing for space, including ethics and professionalism. Consequentially, in many situa-
tions, instructors must be selective about what they teach – and creative in how they teach 
engineering ethics with such limited space in the curriculum in Canada. This history (i.e., how 
accreditation requirements change and influence what is taught) is one aspect that should be 
included.
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ABET

Likewise, students in the United States can be taught that ABET’s student learning outcomes directly 
shape their higher-education curriculum and class content. Even within content-heavy curriculums, 
faculty members should share the SLOs and help students parse out which ones are legalistic and 
aspirational. For example, nestled within ABET’s more measurable outcomes like SLO 3 (“an ability 
to communicate effectively with a range of audiences”) are SLOs dedicated to ethics and professional 
responsibility (ABET, 2021a). In creating SLO2 and SLO4, ABET declared that students developing 
professional identities as engineers must expand their skill sets beyond solving complex problems.

SLO 2. an ability to apply engineering design to produce solutions that meet specified needs 
with consideration of public health, safety and welfare, as well as global, cultural, social, 
environmental, and economic factors
SLO 4. an ability to recognize ethical and professional responsibilities in engineering situa-
tions and make informed judgements, which must consider the impact of engineering solu-
tions in global, economic, environmental, and societal contexts.

(ABET, 2021a, “Criterion 3: Student Outcomes” 1)

Even though SLO2 doesn’t directly mention ethics, the stated considerations reflect an ethical 
framework dependent on an intersection of needs. Asking students to produce solutions that don’t 
just meet the bottom line reinforces ethical frameworks like the common good approach, care-
based ethics, or virtue ethics. SLO4 specifies that students must recognize ethical and professional 
responsibilities in situations and asks that conclusions students make are informed by a variety 
of impacts. With these SLOs, ABET – the accrediting organization that universities must adhere 
to if they want their degrees to be worthwhile – frames students’ education before they become 
professionals.

Body of knowledge organizations

Professional organizations like ASCE, ASME, and IEEE – and their global equivalents – are pri-
marily responsible for establishing best practices and standards for their respective engineering 
disciplines. This ensures practicing engineers have access to relevant information and generations 
of accumulated knowledge and experience. These organizations also support Freidson’s (2001) 
fivefold typology for professionalism by defining (and also limiting) which types of engineering 
work fall under a particular organization’s purview (i.e., exclusive jurisdiction). For students, these 
disciplinary distinctions are critical for efficiency and organizing the body of knowledge each dis-
cipline is responsible for maintaining and developing.

These organizations also support Freidson’s (2001) ‘commitment to good work’ through their 
codes. By establishing expectations for professional practice, as well as aspirational elements that 
point to the future these organizations are striving to create, body-of-knowledge organizations can 
tailor their codes to address the specific needs of their members. Even if codes from this type of 
organization are not legally binding, organizations can issue reprimands or other penalties that 
may include revoking the membership of anyone who violates the code.

American Society of Civil Engineers

Engineering students should understand several key developments in the codes for specific organi-
zations. ASCE serves as a good example. At the time of ASCE’s founding in 1852, there was 
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some informal discussion of developing a code of ethics, but the Society adopted the position that 
professional ethics is a personal responsibility (Vesiland, 1995). This stance was reinforced in 
1877 when a proposal was brought before the Society regarding members’ conduct. The following 
resolution was attached to the proposal for referral to the Board of Directors: “Resolved: That it is 
inexpedient for this society to instruct its members as to their duties in private professional mat-
ters” (Wisely, 1977, in Vesiland, 1995, p. 5).

The development of a code of ethics was again raised in 1893 when a group of members from 
Cincinnati endorsed the adoption of a code and called for the appointment of a committee to draft 
such a code. However, no action was taken on this matter, and the idea of a code was dropped. 
Students should be asked why this might have happened and what events might have caused the 
1902 discussion regarding the formulation of a code of ethics, which ASCE again decided against. 
In the words of the Society’s president:

it is, I think, safe to say that for the kindling of professional enthusiasm, and the establish-
ment of high professional standards, the Society and its members will continue to rely, as 
they have done in the past, upon these vital and moral forces, and not upon the enactment of 
codes or upon any form of legislation.

(Wisely, 1977, in Vesiland, 1995, p. 5)

The first code was formally adopted by ASCE in 1914. Before this established code, organizations 
most likely relied on the gentlemanly aspect of the profession, something like: ‘there is no need 
for a code … we are all gentlemen here.’ For example, Item 17 on Hartley’s list of “100 Hints for 
Gentlemanly Deportment” stated that a gentleman should “Cultivate the virtues of the soul, strong 
principle, incorruptible integrity, usefulness, refined intellect, and fidelity in seeking for truth. A 
man in proportion as he has these virtues will be honored and welcomed everywhere” (Hartley, 
1875, p. 192).

The most recent update to the ASCE code of ethics was adopted in October 2020 (ASCE, 
2020). The intention behind the update was to make the code more accessible and to provide 
a hierarchy focused on stakeholders who are impacted by the practice of civil engineering: (1) 
Society, (2) Natural and Built Environment, (3) Profession, (4) Clients and Employers, and (5) 
Peers (Walpole, 2020). In the case of a conflict between stakeholders, the order in which they are 
listed in the hierarchy indicates priority. According to this model (ASCE, 2020, ‘Natural and Built 
Environment’; ‘Clients and Employers’), civil engineers are expected to “adhere to the principles 
of sustainable development” (contained in Level 2 – Natural and Built Environment) before hon-
oring their commitment to “act as faithful agents of their clients and employers” (contained in 
Level 4 – ‘Clients and Employers’). Of course, this does not mean that a civil engineer committed 
to a design alternative with a lower environmental impact is guaranteed to retain their client or 
employer. However, the aspirational intent is clear, and the prioritization of social and environ-
mental impacts does provide a foothold from which present and future practitioners can continue 
to climb. Knowing this intent is key to engineering education on the code of ethics.

Affinity organizations

Not only do national and international organizations stipulate the legal and policy-driven goals 
of the engineering profession, but some also have aspirational aspects built into their mission 
statements and overall identities. For example, the mission of the Society of Women Engineers 
(SWE) is to “empower women to achieve their full potential in careers as engineers and leaders; 
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expand the image of the engineering and technology professions as a positive force in improving 
the quality of life and demonstrate the value of diversity and inclusion” (“What is SWE?”, 2024, ¶ 
1). In addition, the mission of the Society of Hispanic Professional Engineers (SHPE) is to change 
“lives by empowering the Hispanic community to realize its fullest potential and to impact the 
world through STEM awareness, access, support, and development” (“About SHPE”, 2022) ¶ 1. 
Furthermore, the mission of the National Society of Black Engineers (NSBE) is to “to increase the 
number of culturally responsible black engineers who excel academically, succeed professionally 
and positively impact the community” (National Society of Black Engineers, 2023, ¶ 1).

At the time that the NSPE’s Code of Ethics was being adopted, in the 1960s, only about 1% 
of US engineers were women (Layne, 2009) and into the 1970s, only about 1% were Black men 
(Westcott, 1982). SWE was founded in the 1950s, a decade before the NSPE Code of Ethics was 
created. Organizations like SHPE and NSBE were formed, in 1974 and 1975, over a decade after 
the NSPE Code of Ethics was established. Both SHPE and NSPE were founded by men, yet, a 
Black woman became NSBE’s national chair and the first chair to serve two terms just 2 years after 
its formation. By comparison, it took 15 years before a Hispanic woman became the president of 
SHPE. Overall, SWE, SHPE, and NSBE provided safe spaces for women and people of color to 
enter a profession that excluded them for decades and still marginalizes them to this day. Faculty 
members can encourage students who identify with these affinity organizations to join them; edu-
cators can also teach all students the history of these organizations and explain why they came into 
existence. Students and educational ethics researchers should move beyond just recognition and 
explore these organizations’ impact on the profession.

Modern-day implications of professional organizations and codes of ethics

We have illustrated how professional organizations strive to shape engineering practice in North 
America through their codes of ethics. This section will highlight a current example of the com-
plex interactions between professional organizations, their constituencies, and the political envi-
ronment that they all inhabit.

In the United States, issues of diversity, equity, and inclusion (DEI) have been controversial as 
institutions across society have struggled to confront the persistent injustices surrounding race, gender, 
and sexual orientation. The murder of George Floyd on 25 May 2020 led to nationwide protests and 
represented a turning point in the national conversation on race. In March 2021, deans of the colleges 
of engineering from all schools in the ‘Big Ten Conference’ (an athletic conference of ten large public 
research universities in the United States) signed a letter addressed to ABET in support of the inclu-
sion of DEI as part of the General Criteria for Accrediting Engineering Programs (ABET, 2021b). 
Signatories included deans from Cornell University, the Massachusetts Institute of Technology, 
Rutgers University, and the University of Michigan. The deans cited multiple factors for their support 
of DEI, including ensuring that “our students will be prepared to develop technological solutions to 
society’s most pressing problems and to combat prejudice, racism, and discrimination during their 
careers” (ABET, “Big 10+ Universities Deans of Engineering Letter of Support,” 2021, ¶ 2). The letter 
also identified “the potential synergies between DEI and ethical/professional responsibilities.”

In direct response to this letter, ABET proposed modifying two criteria in its overall framework 
for the accreditation of engineering programs:

• Criterion 5: The curriculum must include … content that ensures awareness of diversity, 
equity, and inclusion for professional practice consistent with the institution’s mission. 
(ABET, 2021a, p. 6)
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• Criterion 6: The program faculty must also demonstrate knowledge of applicable institu-
tional policies on diversity, equity, and inclusion and demonstrate awareness appropriate to 
providing an equitable and inclusive environment for its students that respects the institu-
tion’s mission (ABET, 2021a, p. 10).

First piloted during the 2023–2024 accreditation cycle, institutions are able to adopt the above 
criteria on a voluntary basis. After the pilot period, ABET will decide if and how to incorporate 
these changes related to DEI and the extent to which all engineering programs will be expected to 
meet these criteria (ABET, 2021b).

While these changes were underway at ABET, NCEES also began a conversation about how 
DEI might inform their mission regarding regulations and licensure for engineering practice. 
This culminated in the adoption of Position Statement 32 in August 2022, which encourages DEI 
(NCEES, 2022a). Recall, however, that NCEES is the umbrella organization for US Boards of 
Professional Engineers administered at the state level with members who are effectively politi-
cal appointees. In October 2022, the Florida Board of Professional Engineers (FBPE) newsletter 
contained an article titled “From the Executive Director: What Exactly is DEI?” that discussed 
PS 32 and provided additional context about DEI that was supportive in nature. Roughly one 
week after this newsletter was published, FBPE issued a retraction stating, “This article does not 
reflect the official position and the content included therein is not supported by the FBPE” (FBPE, 
e-mail communication, October 13, 2022). The retraction letter further clarified that “FBPE led 
the opposition and voted against the DEI position and the new language,” stating that “DEI is a 
highly politicized item in the current social and political climate, and that the NCEES organization 
should strive to remain politically neutral from these types of current influences” (FBPE, e-mail 
communication, October 13, 2022).

The political winds in Florida are clearly blowing against the aspirational goals of ABET and 
NCEES. The issue was further complicated in April 2023 when Florida Governor Ron DeSantis 
signed into law Florida Senate Bill 266 (2023), which states that public institutions of higher edu-
cation in Florida may not:

Expend any funds, regardless of source, to promote, support, or maintain any programs or 
campus activities that … espouse diversity, equity, and inclusion, or promote or engage in 
political or social activism.

(Florida Senate, 2023, p.10)

Additional provisions state that:

General education core courses may not suppress or distort significant historical events or 
include a curriculum that teaches identity politics … or is based on theories that systemic 
racism, sexism, oppression, and privilege are inherent in the institutions of the United States 
and were created to maintain social, political, and economic inequities.

(Florida Senate, 2023, p. 20)

Surprisingly, the Florida law provided an exception for DEI-based programs that may be required 
“for obtaining or retaining institutional or discipline-specific accreditation with the approval of 
either the State Board of Education or the Board of Governors.” Such an exception would appear 
to minimize the potential for a standoff between any public university system subject to these 
restrictions against DEI and ABET’s ability to establish criteria for accreditation of engineering 
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programs. Recent comments by Gov. DeSantis, made during his announcement for the US presi-
dency in May 2023, suggest that the issue is far from settled:

There are some tools at the federal level that we don’t necessarily have at the state level. 
For example, some of the problems with the university and the ideological capture, that 
didn’t happen by accident. It can trace back all the way to the accreditation cartels. Well 
guess what? To become an accreditor, how do you do that? You’ve got to get approved 
by the US Department of Education, so we’re going to be doing alternative accreditation 
regimes where instead of saying, ‘You will only get accredited if you do DEI,’ you’ll have 
an accreditor that will say, ‘We will not accredit you if you do DEI.’ We want a colorblind, 
merit-based accreditation scheme, and so as president controlling that agency, you can then 
approve other types of accreditations.

(DeSantis & Musk, 2023)

We hope this example will spark further reflection on the significance of professional organiza-
tions and work to dispel the notion that engineering is a purely objective field. Integrating exam-
ples like this into discussions about codes of ethics in the classroom can better prepare students to 
engage with modern social issues that, acknowledged or not, impact engineering practice.

Concluding remarks

Haws (2001) included a stark warning to engineering educators who limit their instruction on 
engineering ethics to codes: “Certainly, the practice of a ‘cold’ distribution of the Canon of Ethics 
as a one-page handout deserves the level of student attention it typically receives” (p. 224). Haws 
was generally skeptical about codes of ethics and believed that “the Professional Engineer’s Code 
of Ethics is platitudinous and contributes nothing to our students’ understanding of either ethical 
systems, or the shared language in which ethical problems and solutions are couched” (p. 224). 
While we share some of Haws’s skepticism, we conclude that engineering codes of ethics are 
much more meaningful and impactful when approached through a historical context and a theory 
of professionalism, and interpreted through the lenses of the myriad professional organizations 
responsible for their development. Researchers and engineering educators can apply the lens of 
our framework to any professional organization in different geographical regions of interest to help 
students assess and contextualize codes of ethics.

Research for this chapter has also revealed an interesting dynamic between conservative and 
progressive political forces that play out through the development of engineering codes of eth-
ics. On the conservative side, codes of ethics seek to outline the hallmarks or necessary character 
traits for practicing engineers to maintain the established order and preserve exclusive jurisdiction. 
On the progressive side, codes of ethics provide an opportunity for professional organizations to 
evaluate and articulate their higher goals and ensure that the broader impacts of engineering work 
are considered while the work is being performed. We contend that engineering educators will be 
able to capitalize on this tension and help students understand that codes of ethics are living docu-
ments that, to stay relevant, must continue to evolve and adapt to the environmental, social, and 
economic context of their time.
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Introduction

What do we mean when we use the term ‘ethics’ when discussing engineering? Being ‘ethi-
cal’ implies applying well-reasoned values and morals, and today, concepts like sustainability, 
equity, and diversity are increasingly associated with ethics in engineering as well (Committee on 
Education, 2019). Ethics extends beyond professional codes that specify what one must do as part 
of the engineering profession to include what one should do as a responsible and moral person 
(Chance et al., 2021). Developing the ability of engineers to apply ethical judgment when facing 
ethical dilemmas necessitates providing future engineers with education in ethics to support their 
moral development (see Chapter 10) and reflective practice (see Chapter 25). Engineers often 
associate the term ‘ethics’ with workplace health and safety, but today’s complex environmental 
challenges imply embracing a broader view of health and safety to encompass the well-being of 
our planet and all its constituents, living and nonliving. The term ‘global responsibility’ is pro-
moted by the United Nations (UN) to capture this expansive understanding of ethics. This chapter 
discusses how to foster global responsibility among engineers (including future engineers) and 
shift how they think and behave collectively and as individuals. Definitions (as fuzzy as some of 
them may be) are necessary for facilitating dialogue, and this chapter seeks to identify and define 
key terms relevant to moving forward the dialogue on what constitutes ethical engineering and 
how to achieve it.

In 1828, Thomas Tredgold characterized civil engineering as “the art of directing the great 
sources of power in nature for the use and convenience of man” (Alder, 2022, p. 2). This perspec-
tive asserts that engineers serve society by harnessing natural resources, and it undergirds many 
engineering sectors even today. Even in contemporary times, environmental engineering is often 
viewed as “improving ecological conditions,” mainly to make surroundings “more suitable for 
humans to live” (Joshi, 2021, ¶3). However, modern leaders, like those at the United Kingdom’s 
Institution of Civil Engineers (ICE), acknowledge “the detrimental effect that the industrial scale 
development which started with the Industrial Revolution [has] on our planet” (Alder, ¶3). We 
argue that although our early ancestors had to live with the pace of nature and struggle to circum-
vent its vagaries, humans today ‘engineer’ the natural environment to an unhealthy and unsustain-
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able extreme. We question humans’ attempts to control nature, particularly through engineering. 
We argue that the balance between serving humans and respecting other species, ecosystems, 
habitats, and so on constitutes an ethical dilemma that must be addressed.

Humans and the engineers serving them have extracted, exploited, rerouted, canalized, and 
otherwise ‘modified’ nature, ring-fencing the most dramatic features into encapsulated parks and 
‘natural reserves’ but covering much of the rest with asphalt, concrete, brownfields, and contami-
nated wastelands. Now, confronted with urban heat islands, extreme weather, pollution, resource 
shortages, loss of biodiversity, and climate change, some propose ‘extreme engineering’ that is 
highly ambitious and employs unconventional engineering practices to address complex and 
severe challenges. ‘Extreme engineering’ practices are characterized by their aggressive ground-
breaking approaches, high technological innovation, and high potential for impact and risk. Yes, 
the urgency to realign our relationship with nature is more pronounced than ever. Still, these 
extreme engineering methods are subject to growing criticism based on ethics and the risks of 
implementing such large-scale interventions. How might we better respond? How can engineers 
achieve ‘global responsibility’ to people and the planet, including the non-human?

What we need to move away from is the extractive cradle-to-grave capitalist model for produc-
ing and monetizing engineered products at the expense of the planet, including the environment, 
other people, and the non-human. The ‘Anthropocene’ is frequently invoked when questioning the 
prevailing extractive and human-first mindset. The National Geographic Society (2023) defines 
the Anthropocene as a distinct epoch “during which human activities have impacted the environ-
ment enough to constitute a distinct geological change” (¶3), exerting an overwhelming influence 
on the Earth’s climate, geology, and ecosystems.

In this conceptual chapter, we use reflexivity – the quality of a dialogical approach to tackling 
complex societal problems – to assess existing normative practices and propose a framework for 
moving beyond them. We do this in response to the current ecological crisis; we call on engineers 
to help define and forward a paradigm shift (Kuhn, 1962) to transition from extractive practices 
and mindsets to more humble, healthy, and sustainable ones. Overall, we use three lenses: (1) 
reflexivity, (2) post-normal science (PNS) underpinning post-normal engineering (PNE), and (3) 
environmentalism.

We draw inspiration from the global conversation questioning the current status quo and call-
ing for new and different responses, particularly the call for ‘post-normal science’ (Funtowicz & 
Ravetz, 1993). The conversation calls for a shift from the ‘normal’ way of doing things to a more 
refined ‘post-normal’ way of thinking and being – a concept we find helpful for repositioning engi-
neering. Historically, societies and their groups of practitioners and thinkers (like architects and 
philosophers) have periodically transitioned away from paradigms once the mindset has become 
the status quo or normative enough to be named (e.g., modernism and structuralism, discussed by 
architects and philosophers alike). Critics from various groups reacted to and pushed against the 
boundaries of their time’s existing normative ways, the status quo, to set forth via new paradigms 
(e.g., post-modernism and post-structuralism, respectively). They accomplished this using reflec-
tive thinking, dialogue, and rigorous debate. We experience the results of paradigm shifts when we 
observe paintings and sculptures, dwell in architecture, or read literature, poetry, and philosophy 
that integrate and seek to manifest the new mindset. Post-modernism and post-structuralism have 
been expressed in all these realms, and this chapter calls for engineers to embrace the emerging 
new post-normal paradigm and express it in their work.

We explore the idea that engineering requires a more evolved post-normal perspective regard-
ing its role and potential. The solution isn’t merely about improved models, technologies, or algo-
rithms; it involves a collective view of engineering as an endeavor to address urgent political 
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issues rooted in ethical and holistic thinking, transdisciplinarity, global accountability, and public 
participation. We contend that engineering can fully realize this aspiration only after its educa-
tional foundation is reshaped using these values. If the goal is to engineer responsible solutions to 
societal challenges, then policy must foster this enhanced form of education within the engineering 
community.

Ecological crises are exemplary for enacting post-normal approaches (such as PNS and PNE). 
These approaches are also relevant for addressing other crises, such as pandemics and inequality. 
Thus, the relationship between PNS/PNE and the environment is that the environment, with its 
different crises (e.g., the climate crisis or the biodiversity crisis), is used to explore aspects of PNS/
PNE and the ethical frameworks that inform these practices.

This chapter aims to help bridge two realms (ethics and environmentalism), drawing from 
environment-centered ethical frameworks, to foster a new way of thinking about engineering. 
We discuss typical engineering values and practices and question what ‘responsible engineering’ 
means today. We propose a response called ‘post-normal engineering’ and reflect upon a range of 
existing normative theories, identifying some pros and cons of each approach and then proposing 
how engineers, engineering teachers, and future engineers might respond in a more effective post-
normal way.

Positionality

The unique perspectives of each author on our team have steered the direction and scope of this 
chapter. We all have a foundation in design and engineering, specifically focusing on the built 
environment. Tom teaches technology ethics, technology assessment, public/user engagement in 
science, technology, engineering, and mathematics (STEM), and techno-anthropology within a 
department of sustainability and planning. His research emphasizes the integration of ethical judg-
ment and participatory methods in STEM practices and education. Shannon teaches students archi-
tecture, engineering, and educational planning, emphasizing ecological principles. She advocates 
using site-specific, culture-specific methodologies. Gaston, a researcher in moral philosophy and 
science and technology studies (STS), is a philosophical activist and founder of the New Humanism 
Project. Our mutual interest in PNS and the desire to adopt more transformative approaches to 
tackle global challenges brought us together as co-authors and inspired this chapter’s creation.

A post-normal approach for engineering

As we aim to propose the concept of reflexivity to rethink the ‘normal’ practice of engineering 
and its education system away from destructive and extractive practices, we believe that PNS pro-
vides inspiration and clues for how to do this. In 1993, Funtowicz and Ravetz introduced the con-
cept of PNS as an evolved form of expertise, mainly designed for advising policy-makers during 
times when “facts are uncertain, values in dispute, stakes high and decisions urgent” (Funtowicz 
& Ravetz, 1993, p. 10). This vision now aligns with the ongoing transformation in how techno-
science and engineering are perceived. Central to these evolving approaches is the realization that 
experts grapple with numerous uncertainties and value-laden viewpoints when shaping policies on 
intricate sociotechnical and ecological matters. These experts are under constant pressure from the 
political, public, and economic sectors to provide solutions that span multiple areas – for example, 
climate change, the COVID-19 response, large dam constructions, and genetically modified organ-
ism (GMO) policy-making. Consequently, engineering perspectives are transitioning. There’s a 
growing understanding that the Anthropocene’s multifaceted challenges can’t be addressed with the 
same mindset that initially led to them; mechanizing solutions for every emerging issue isn’t viable.
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When introducing the idea of post-normality in 1993, Funtowicz and Ravetz (1993) identified 
four problem-solving strategies: core science, applied science, professional consultancy, and post-
normal science. Each of these four types of scholarly activity has its equivalent in engineering. 
Core science in various domains is the foundation of engineering. Applied science and profes-
sional consultancy are well-described engineering practices. Traditional engineering, typified by 
its reliance on applied science and problem-solving, addresses routine challenges using estab-
lished methods. However, these standard solutions and tools fall short regarding more intricate 
and unpredictable issues.

In the original writings on PNS, engineering was identified as applied science and professional 
consultancy. Engineering implies ‘applied science’ in the sense that it applies (natural) scientific 
theories and laws under controlled circumstances in developing new technological artifacts that 
can be used to make life easier for its target groups. Biotechnology and software engineering 
are examples of this type of engineering. Engineering can also involve ‘problem-solving’ where 
engineers address societal problems. Examples are engineering infrastructure projects (e.g., intro-
ducing central heating in major cities or constructing railway systems to connect a country or 
countries). This form of engineering also requires control over the context in which infrastructure 
is set.

Jerry Ravetz (2006) and Tom Børsen (2015) have linked PNS to technological risks and 
explored how the PNS framework can be applied to understanding, assessing, and managing the 
risks associated with technology. They argue that a broader, more inclusive approach is needed 
for complex and high-stakes technological issues than the approach provided within traditional 
scientific methodologies. Fanny Verrax (2017) also referenced PNE in a paper in Futures, calling 
experts to rethink the ‘normal’ engineering identity. We follow this route in part as we are con-
cerned with how engineering can address urgent policy issues related to the environment where 
facts are uncertain, stakes are high, and values are in dispute. We do not perceive ‘engineering’ as 
only an applied science and client-serving consultancy (i.e., engineering must serve a good greater 
than the funder’s request). PNE is engineering that effectively responds to post-normal times 
(Sardar, 2010). PNE is not (yet) defined; thus, it is one of the quests of this chapter to describe this.

At this point, we want to emphasize that other traditional and PNE practices hold value and will 
remain relevant. Yet, we argue that more is needed to address the current climate and environmen-
tal crises than relying solely on applied science or conventional problem-solving methodologies. 
Although we see immense value in the engineering professions, we also ask how engineers, as 
individuals and as members of professional collectives/organizations, can better tackle significant 
environmental challenges.

PNS develops and presents science-based advice to policy- and other decision-makers when 
trying to address crises through policy measures. Post-normal science-based advice portrays 
uncertainties at different levels – empirical, methodological, theoretical, institutional, legal, ethi-
cal, and so on (Benessia & De Marchi, 2017) – and manages conflicting stakes and ethical dilem-
mas through establishing extended peer communities (Meisch et al., 2022), honest brokery (Pielke 
Jr, 2007), and quantitative storytelling (Saltelli & Giampietro, 2017). PNE differs from PNS as 
PNE practitioners do not (only) provide advice; they address post-normal crises by developing 
sociotechnical solutions and strategies.

The ethical landscape of post-normal engineering in the Anthropocene

Delving into the ‘ethical landscape’ of PNE, we are inspired by a critical perspective on our cur-
rent coexistence in the Anthropocene. Paul Crutzen, an atmospheric chemist, was the first to coin 
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the term ‘the Anthropocene’ to describe the epoch where human actions are the dominant force 
impacting Earth’s geology, climate, and ecosystems. Yet, the foundational beliefs and values 
of PNE differ from the conceptual notions associated with the Anthropocene. Crutzen (2006) 
proposed technical solutions, specifically geoengineering methods such as releasing sulfur com-
pounds into the atmosphere to mitigate the sun’s heat. In our view, such a proposal doesn’t reso-
nate with the post-normal emphasis on humility. It seems to overlook the potential unexpected 
consequences of such interventions. For instance, geoengineering might be a plausible reply if 
society runs out of options. However, implementing such a grand plan will require pervasive 
reflection, enormous assessment of unexpected consequences, and extensive discussion regard-
ing which ethical frameworks are appropriate to consult before action can be taken. We advocate 
referencing PNE when discussing pressing contemporary issues like climate change. These chal-
lenges require a collaborative approach among diverse stakeholders, emphasizing humility and 
accountability. Addressing the intricacies of problem-solving in the Anthropocene harmonizes 
with the call from Jonas (1984) to prioritize the sustainability of future conditions. Jonas argued 
that potential negative outcomes should be given more weight than positive projections in ethical 
considerations.

The literature on PNS and STS provides concepts and tools to manage uncertainty, for exam-
ple, the Numeral, Unit, Spread, Assessment, and Pedigree (NUSAP) approach to uncertainty 
(Funtowicz & Ravetz, 1990; van der Sluijs et al., 2005) and stakeholder controversies (e.g., Social 
Construction of Technology (SCOT)). Regarding the ‘ethical values in dispute’ part of the PNS 
one-liner (coined by Funtowicz and Ravetz and frequently repeated), ‘when facts are uncertain, 
stakes high, values in dispute, and decisions urgent,’ the literature provides little to go on, although 
a forthcoming special issue of Futures promises an investigation of relationships between ‘Post-
normal Science and Ethics’ (Børsen & Meskens, under review).

Although we cannot and should not completely abandon the anthropocene perspective, we 
believe that responsible engineering originates from a deep understanding of our global chal-
lenges and an acute awareness of their ethical ramifications. This shapes how we deliberate and 
execute solutions to benefit present and future generations, human and non-human. The follow-
ing sections identify a broad palette of ethical theories that engineers can choose from and com-
bine when engaging with urgent political issues. We argue that there is not one ethical framework 
that engineers can apply in isolation to post-normal problem-solving. The engineer must reflect 
and discuss with self and others what ethical frameworks fit for individual (yet often complex 
and overlapping) issues.

Helpful ethical frameworks are covered in detail elsewhere in this handbook (e.g., virtue eth-
ics, deontology, utilitarianism, and the common good; see Chapter 2) and continue to be relevant 
in PNE. Other ethical frameworks, such as the Golden Rule (do unto others as you would have 
them do unto you) and the Fairness approach defined by Rawls (1971), are relevant in PNE. The 
Fairness approach posits that a just society is one where principles are selected impartially and 
without bias, following two primary tenets: basic liberties for all and the difference principle, 
which permits inequitable responses only if they benefit the least advantaged members.

Foundational ethical perspectives like deep ecology, sustainability, and land ethics (described 
later in this chapter) recognize environmental systems’ intricate and interconnected nature, empha-
sizing the importance of considering the broader ecological community in our actions and deci-
sions. No engineering solution can fully encompass every facet of this intricate context. Invariably, 
certain elements will remain external to the system addressed by any solution proposed. The envi-
ronment’s components are intertwined, forming a holistic web where interventions in one seg-
ment inevitably impact others. Including environmental ethical frameworks in the palette of ethical 
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frameworks for PNE is extremely important, so we describe them here. We note that Chapters 11 
and 15 also provide helpful guidance for readers interested in environmental topics.

Some professions favor specific frameworks over others, but their preferred approaches may 
only address some of the profession’s dilemmas. Engineers, policy-makers, and practitioners in 
many fields must learn a wider array of ethical approaches and learn when to integrate them based 
on the given contexts; given today’s post-normal complexity, they cannot rely solely on the rules 
of thumb favored in their professions.

For us, PNE is characterized by a higher degree of complexity than other forms or strategies of 
problem-solving. PNE is embedded in a more contradictory field of interests and stakeholders than 
other forms of problem-solving. We are in a post-normal context where policy-makers cannot look 
towards normal engineering to provide adequate response.

Reflexivity

Reflexivity is a vital ethical virtue for engineers in this complex age. Traditional ways of 
thinking and working are evolving, and with this evolution comes a need for engineers to be 
deeply introspective and outwardly attuned, based on an awareness of the context in which 
they operate and of the values and beliefs that drive them to do what they do. We propose to 
understand reflexivity as this kind of awareness. If we imagine the complexity of an environ-
mental problem as making an ethical appeal to us to deal with it ‘fairly,’ then we can understand 
reflexivity – in response to that appeal – as an ethical attitude, being critically aware of our own 
position, interests, hopes, hypotheses, beliefs, and concerns (Meskens, 2017). Chapter 25 dis-
cusses possible approaches to teaching and practicing reflexivity. It suggests that dialogue with 
yourself and others is the basis of reflexivity and that the dialogue should ask critical questions 
like: What is the problem we face? In what way(s) is it complex? Should we do, or have done, 
something else? What might we be overlooking? How could we improve? Chapters 35 and 36 
ask these types of critical questions regarding the role of ethics in engineering accreditation. 
Chapter 31 critically probes assessment practices, confronting assumptions and biases about 
behavior and culture.

Important to understand is that reflexivity as an ethical attitude emerges in dialogue with others, 
a dialogue that – by its very form and method – is emancipatory and (respectfully) confrontational 
simultaneously (Meskens, 2017). It connects engineers with different views and meaningful ethi-
cal frameworks and nourishes their competence. From this perspective, we can also understand 
why and how reflexivity grounds other values, like precaution, transparency, accountability, pro-
tection and empowerment of the weak, and even sustainability. This kind of dialogue would stimu-
late sensitivity to these ethical values among all concerned and consequently enable meaningful 
interpretation. In this sense, it would also become an ‘authoritative place’ where these values could 
be applied as principles to inspire and steer (engineering) policy (Meskens, 2018). Dialogue with 
others should always involve parallel individual contemplation (this idea has religious underpin-
nings from, e.g., Saint Thomas of Aquinas). On the other hand, individual contemplation could and 
should inform and be informed by interaction with others.

We argue for rooting extended discussion of ethical and sustainable (a.k.a. post-normal) engi-
neering in the community. This requires engaging with stakeholders. Public participation is neces-
sary to ensure benefit to the more vulnerable. This begs the question of how to set up an extended 
peer community to reflect and act – to form a new and improved paradigm, advocate for change, 
and integrate its tenets in thought and deed. The question will be contemplated in a subsequent 
section, where we discuss tools for fostering public dialogue.
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Ethical approaches – an overview

We now outline the ethical terrain of environment-focused engineering to explore the prospects of 
post-normal thinking. Engaging with classical anthropocentric (human-first) theories and newer 
environment-centric approaches can illuminate the engineering community’s diverse and some-
times clashing beliefs. Here, we highlight ethical concerns that, in our view, could guide ethical 
engineering practice and education – especially if we intend to conquer contemporary environ-
mental challenges and crises. We believe it is essential to understand all the tools we currently have 
for enacting global responsibility and addressing today’s challenges.

Therefore, we open the toolbox of prevailing ethical approaches, considering what they offer, 
identifying some of their shortcomings, and suggesting how they might be integrated into the new 
‘post-normal’ paradigm for engineering. This curated set of existing environment-focused lenses 
can support (future and current) engineers and engineering educators in cultivating and advocat-
ing for environmentally and socially considerate practices, policies, and mindsets. Note that the 
concepts we highlight are all open to interpretation. They should be topics of dialogue themselves 
(within political, academic, policy-making, and other professional circles, including engineering) 
to unveil different interpretations and interests and discern the positions of various actors. First, 
we apply reflexivity in identifying and briefly defining core ethical virtues and procedural ethi-
cal values that will remain valuable. Here, we use terminology proposed in the publication The 
Ethical Foundations of the System of Radiological Protection from the International Commission 
on Radiological Protection (2018). Then, we shift the discussion toward responsible complexity 
management strategies from business and economics. We identify other environment-centered 
ethical frameworks that provide a foundation for moving engineering ethics (and) education for-
ward. Finally, we look at some environmentally important policy issues, reflect upon frameworks 
for fostering public dialogue, and consider how we can put them to work with PNE.

Core ethical virtues and procedural ethical values

Moving forward will require using many widely recognized core ethical virtues. These include 
the principles of beneficence and non-maleficence, which require doing good and avoiding harm. 
Prudence (wise and judicious decision-making) and respect for dignity (which values intrinsic 
worth) will also be important concepts to bring forward. Likewise, openness and tolerance are 
essential concepts, so the community of reflexive thinkers/engineers will welcome varied knowl-
edge and opinions. Procedural ethical values like accountability (owning responsibilities and out-
comes), transparency (ensuring clarity and openness), and inclusiveness (valuing and supporting 
diverse participants, with a particular focus on those potentially affected by engineering practices) 
must also be retained.

Responsible complexity management strategies

Responsible complexity management strategies that can inform PNE include global responsibility 
(upholding duties beyond borders, considering local and global impacts of our decisions and our 
profession), intergenerational ethics (considering possible consequences for future generations), 
and holism (embracing the interconnectedness of all things). Inter- and transdisciplinarity can help 
us break silos to achieve more holistic solutions. Action research provides iterative approaches 
to learning from experience and refining practice over time based on real-world learning and 
application of research. Ideals of cosmopolitanism can help us cultivate self-critical world-citizen 
perspectives (Meskens, 2022).
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Many frameworks have been offered to help make activities in our current economic model 
more environmentally and socially sustainable. These include corporate social responsibility 
(CSR), a model for self-regulating practices within businesses and organizations (including the 
business side of higher education) to ensure organizations are socially accountable to themselves, 
their stakeholders, and the public. By practicing CSR, an organization can become more conscious 
of its impact on society’s economic, social, and environmental realms. Via CSR, companies aim to 
contribute positively, often by adopting sustainable practices, engaging in philanthropy and ethi-
cal labor practices, and reducing their ecological footprint. Yet, for CSR to be effective, it needs 
more stringent standards, greater transparency, increased integration into core business strategies, 
and long-term commitment to genuine change (Christensen et al., 2021). It is largely ineffec-
tive because it is voluntary, because businesses often prioritize short-term gains and shareholder 
returns above long-term sustainability goals, and because CSR is frequently treated as a peripheral 
activity rather than a core business strategy. Global supply chains are incredibly complex and chal-
lenging to regulate, and the lack of standardization in defining CSR makes it difficult to measure 
and compare effectiveness. Quantifying social and environmental impact is ill-defined, and it is 
hard to evaluate efficacy without clear metrics. Moreover, some CSR efforts only address specific 
areas of concern, neglecting other important aspects of social and environmental responsibility 
(Scherer, 2018). Unfortunately, many companies engage in ‘greenwashing’ where they exagger-
ate or falsely claim to benefit the environment, and such abuse leads to skepticism and distrust – 
undermining the credibility of CSR.

The doughnut model of economics (Raworth, 2012) presents a framework for sustainable 
development, aiming to support essential human needs within Earth’s ecological limits. It visual-
izes an ideal zone (shaped like a doughnut) that avoids both deprivation and ecological overshoot.

The circular economy is a significant and influential approach driven by sustainable develop-
ment and resource efficiency principles. It proposes an alternative to the traditional linear economy 
(that follows the ‘take, make, dispose’ or ‘cradle to grave’ model) and encompasses sustainability 
principles, resource efficiency, and waste reduction. Proponents advocate for a closed-loop system 
where resources are reused, repaired, refurbished, and fully recycled. The circular economy is 
being implemented and practiced in various industries and by policy-makers worldwide. It pro-
vides practical strategies, demonstrating how economic activities can be restructured to minimize 
waste and negative environmental impact while maximizing resource efficiency. The concept has 
been shaped by, for example, Ken Webster and the Ellen MacArthur Foundation, Walter Stahel and 
the Product-Life Institute, ‘Cradle-to-Cradle’ concepts from William McDonough and Michael 
Braungart, and the European Union’s Circular Economy Action Plan (part of the European Green 
Deal).

Another vital contribution in this realm is the blue economy, proposed by Gunter Pauli to com-
plement the circular economy with solutions inspired by nature and emphasizing the sustainable 
use of local resources.

An investigation of economic models can only be completed by looking at concepts and tools 
designed with engineers and designers specifically in mind. Prominent among these are the cradle-
to-cradle (C2C) design principles mentioned above (McDonough & Braungart, 2002), which seek 
to balance economic, environmental, and social concerns. Treating waste as a resource for another 
cycle is central to C2C. In contrast to recycling, which can diminish quality and introduce addi-
tional pollutants, upcycling seeks to enhance an item’s value. Initial designs must be crafted to 
support ongoing use in various new forms. Design begins with careful material selection, avoiding 
‘X list’ materials detrimental to humans and the environment, seeking substitutes for ‘gray list’ 
items (those presently indispensable but problematic), and always giving preference to safe, sus-
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tainable materials (from McDonough and Braungart’s ‘P list’ of positive and healthy substances). 
Regenerative design minimizes harm and actively feeds and enriches the local environment. C2C 
designs aim to revitalize ecosystems, enhance biodiversity, and champion local communities, kin-
dling synergies between development and ecology. Although we recognize C2C as a business-ori-
ented approach grounded in the capitalist economy, we believe it provides some valuable concepts 
for students, designers, and policy-makers.

Janine Benyus introduced biomimicry, which is related to the C2C approach. Biomimicry 
focuses on innovation inspired by natural processes and biological systems, encouraging design-
ers and engineers to create products and solutions that emulate nature’s patterns. The approach 
supports sustainability, encourages a symbiotic relationship between human development and the 
environment, and fosters a deeper appreciation of the natural world.

Reflecting on why the techniques identified above haven’t worked and why companies and 
institutions of higher education don’t already achieve sustainability using them, we cite their vol-
untary nature and the ongoing hold of capitalist ideals acutely evident in the business of engi-
neering and the built environment. There’s more to the story, though. There’s also a pervasive 
detachment from nature and a sense of technicality or instrumentality that philosophers of STS 
call the technical frame. Changing extractive ways of thinking firmly rooted in the engineering 
profession is very hard. Big organizations, including academic ones, are known for high resistance 
to change.

Empson et al. (2019) recommend a less opt-in approach, arguing that, in post-normal times, 
no design activity should be considered ‘creative’ that is not deeply sustainable. Nevertheless, we 
still see praise doled out by prize-awarding organizations for projects that lack sustainability or 
effectively constitute greenwashing.

Ecological economics denotes an interdisciplinary research area that advocates for an equal 
exchange between humans and nature. This means that when humans take from nature, they must 
give something back. That is the foundation for economic exchange. In a 1994 paper published in 
Ecological Economics, Funtowicz and Ravetz asked about “the worth of a songbird” (Funtowicz 
& Ravetz, 1994, p. 197). They argued that ecological economics requires a PNS to address the 
dilemma of “setting a monetary value on an irreplaceable songbird [which] forces us to be clear 
about what is being valued, how it is done, and indeed, what value is” (p. 198). There are no certain 
answers to this question. Stakes are high, and ethical values are in dispute.

Other environment-centered ethical frameworks

Looking at other environment-centered ethical frameworks, we draw an arc from sustainability 
(aiming for longevity and balance) through deep ecology (recognizing non-human entities) to land 
ethics (valuing the sanctity of the land), material ethics (emphasizing regenerative practices), and 
values embedded within the things we create.

Sustainability

Sustainability is a core concept. In post-normal times, living in harmony with nature is a fitting 
response to the conventional notion of controlling nature. The United Nations General Assembly 
(2022) has now stated that “to achieve a just balance among the economic, social and environ-
mental needs of present and future generations, it is necessary to promote harmony with nature” 
(p. 2), but this seemingly prioritizes human needs, a flaw we see. Drawing from the ancient Greek 
philosopher Marcus Aurelius’ (2002) insights that “all things come to their fulfillment as the one 
universal Nature directs” (Marcus Aurelius, 2002, Book VI, statement 9), we see a nuanced rela-
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tionship: nature continues to guide the definition of harmony, but it now assumes the humble and 
vulnerable stance traditionally ascribed to humans.

The United Nations (UN) emphasis on living harmoniously with nature has been in its docu-
ments since at least the 1980s. The 2009 UN General Assembly Resolution 64/196 references the 
1980 Resolution 35/7, the Draft World Charter for Nature, highlighting the dependency of life on 
nature’s continuous processes and the dangers of excessive exploitation (United Nations General 
Assembly, 1980). The UN doesn’t suggest reverting ‘back to nature.’ Instead, it advocates a bal-
ance among human economic, social, and environmental needs, aligning with the definition of 
sustainable development provided in the Brundtland Report (World Commission on Environment 
and Development, 1987). Here again, human needs have been prioritized.

Practical tools to support sustainability include carbon calculators (Wackernaegle & Rees, 
1996) and the UN Sustainable Development Goals (SDGs). From a critical perspective, Seniuk 
Cicek et al. (2023) contend that many methods, especially those appealing to engineering mind-
sets like the SDGs, favor the Global North. They originate in values defined by the Global North. 
Moreover, when organizations in wealthy countries work toward high-level goals without drilling 
down into specific targets – referencing just the overarching SDG titles like quality education (SDG 
4), gender equality (SDG 5), decent work and economic growth (SDG 8), and industry, innovation, 
and infrastructure (SDG 9) – their efforts can help to raise the standard of living locally with-
out doing anything to help the Global South. Gains in rich countries can exacerbate inequalities 
between rich and poor countries. In response, Ochoa-Duarte and Peña-Reyes (2020) champion the 
concept of Buen Vivir, which, as described by Seniuk Cicek et al., is “anchored in Latin American 
principles and emphasizes biocentrism, postcapitalism, decolonialism, and depatriarchalization” 
(p. 55–56), presenting it as an alternative to address disparities they see within the SDG approach. 
Buen Vivir is also discussed in several chapters of this handbook (see Chapters 1, 8, 9, and 15).

Regarding learning and teaching sustainability in subjects including engineering, the UN 
Educational, Scientific and Cultural Organization (UNESCO) identified eight competencies 
that all students need to develop. The sustainability-related competencies are systems thinking, 
anticipatory, normative, strategic, collaboration, critical thinking, self-awareness, and integrated 
problem-solving (Didham, 2018), and they resonate with our idea of fostering reflexivity through 
dialogue.

Deep ecology

The term deep ecology was coined by the Norwegian philosopher Arne Næss (1973). It is a phil-
osophical and ethical approach to environmentalism that emphasizes the inherent worth of all 
beings, regardless of their utility to human needs. Næss argued that the prevailing approach to 
environmental problems was too shallow, focusing on pollution and resource depletion concerning 
their impacts on humans. In contrast, he argued for a ‘deeper’ approach that recognizes the funda-
mental interconnectedness of all life. Ethical frameworks for post-normal times need to reflect the 
interconnectedness of nature more holistically.

Around the same time, Ian McHarg (1999) criticized the assumed superiority of modern 
humans, noting that (hu)man’s presumed supremacy “lies in the inheritance of tools, information 
and powers from his predecessors” (p. 287). McHarg proclaimed the value of ‘primitive’ socie-
ties, promoting ideas of pantheists and animists that “the entire world contains godlike attributes: 
the relations of man to this world are sacramental. … the actions of humans in nature can affect 
their own fate; these actions are consequential, immediate, and relevant to life. There is, in this 
relationship no non-nature category” (p. 287). Hunter-gathers recognized and honored seasons 
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and maintained balance with nature; they honored and revered the prey that sustained their lives. 
People living this way “could promise their children the inheritance of a physical environment at 
least as good as had been inherited – a claim few of us can make today” (p. 288).

Consistent with this approach, deep ecology asserts that humans aren’t superior to other life 
forms. Instead of conserving the environment solely for human advantage, deep ecology promotes 
biocentric equality – valuing every living entity, from microorganisms to large mammals, for 
its inherent right to exist and thrive. Resonating with Marcus Aurelius’ views, this perspective 
emphasizes that humans are just one part of the broader web of life.

Land ethics

Humans have exploited Earth’s land and its constituent components, plants, and animals. 
Capitalist systems and economic foci have exacerbated this exploitation, but Western societies’ 
one-way approaches to land and earth also have religious roots. Religious texts seemingly grant 
humans the absolute right to dominate over plants, animals, and land. Probing our languished, or 
absent, set of land ethics, brings us back to McHarg’s scathing critique titled On Values. McHarg 
(1999) argued that the pronouncement in Genesis of man as “exclusively divine, given dominion 
over all life and non-life, enjoined to subdue the earth” (p. 288) set the tone for calamity. Islam, 
Judaism, and Christianity all inferred from Genesis values regarding how humans should relate 
to nature. In the past, Islam saw humans as stewards, entrusted to “make paradise on earth, make 
the desert bloom” (p. 296). In contrast, Judaism and Christianity leaned towards conquest. When 
the “medieval Christian Church introduced otherworldliness” (p. 296), it deepened the human 
perception of Earth as dangerous and impure (think of the paintings by Hieronymus Bosch of 
worldly, carnal sins, for example). The Western world, particularly in its more modern form as 
the Global North, has often viewed nature as a “crude, vile, lapsed paradise” (p. 296) and sought 
to conquer it. Although the West has made big achievements in social equality, McHarg acknowl-
edges, as for the land, “nothing has changed” (p. 296). An ultimate expression of this exploitation 
was the urban landscape of the United States, which McHarg described as “the ransacking of the 
world’s last great cornucopia [and] the largest, most inhumane, and ugliest cities ever made by 
man.” This he saw as a clear example of “profound ignorance, disdain, and carelessness” (p. 298). 
This indictment targets architects, engineers, and financiers and helps explain why the activities 
of well-intentioned and often ‘god-fearing’ people have resulted in such low levels of sustain-
ability.

Material ethics

As we contemplate the ethics of land use and our relationship with materials like rocks, miner-
als, and plant-derived resources, it is clear that we have viewed them as resources for extraction 
and consumption without giving much thought to long-term repercussions. We must instill a new 
code of material ethics that acknowledges the limited nature of our planet’s bounty. Implementing 
this code across architecture, engineering, and construction sectors could drive a paradigm shift. 
Instead of viewing materials as endless supplies, we’d understand their limited nature and the 
broader implications of our cradle-to-grave consumption patterns. Adopting a lifecycle perspec-
tive would prioritize regeneration and prohibit depletion.

Engineers make key decisions regarding the selection and use of materials. They have a moral 
obligation to consider the implications of their choices regarding extraction. A shared code of 
material ethics would require engineers to consider not just the functional properties of materi-
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als but also their environmental impacts and the social implications of their mining, processing, 
and disposal. Tony Fry (1999, 2009) highlighted the role of designers and technical design in 
today’s unsustainable world and recommended a rethought design practice that finds inspiration 
in intercultural, interdisciplinary, and transdisciplinary creation. Fry stated that technical design is 
vital for human and ecological development and observed that the dominant technological frame 
threatens our future. It is ‘defuturing.’ Thus, the central move in addressing the Anthropocene is to 
develop a new relation to technology.

Values embedded

Pertaining to land and material ethics alike, designers must reflect on the values embedded in the 
structures and products they create and the messages their designed outputs convey. A case study 
by Chance and Cole (2015) illustrates how buildings can implicitly or explicitly communicate 
values to their occupants. When designed with purpose, buildings can instruct new generations 
and guide users to recognize or assimilate lessons about environmental care, collaborative work, 
preservation of natural habitats, and efficient utilization of natural resources such as wind, sun, 
vegetation, and rainwater. This design philosophy can also be applied to engineered products in 
addition to buildings and structures.

Policy issues

Policy-making is an integral part of changing behavior, and engineers and engineering academ-
ics should be involved in this process. This section highlights some policy-related issues that are 
highly relevant for PNE: energy justice, energy democracy, and self-imposed engineering limits.

Energy justice describes the fair and ethical distribution of energy and alleviates the cur-
rently unequal degradation (environmentally, ecologically, and socially) caused by energy 
extraction. Stephens (2021) highlights the historical and racial imbalances in energy use and the 
mounting adverse effects of energy extraction and combustion on marginalized communities. 
Although getting more people access to electric power is desirable to improve living conditions, 
Stephens asserts that simply scaling up existing systems will inadvertently maintain disparities. 
Furthermore, technical approaches to counteract global warming may have unintended conse-
quences (Stephens et al., 2021). Stephens presents the term energy democracy to promote social 
equity during the shift to electrification based on renewable energy. Considering these broad 
impacts when shaping and debating policy is important, and engineers should be part of this 
dialogue (Stephens et al., 2021).

Looking closely at the engineers’ role, Lawlor and Morley (2017) postulate the necessity for 
engineering professional bodies to set and adhere to self-imposed engineering limits, concern-
ing, for instance, carbon emissions, especially in situations where the government fails to enact 
adequate regulations that can keep profit-prioritizing clients in check. Lawlor and Morley assert 
the urgency for immediate measures to assist engineers and design teams in counteracting envi-
ronmentally (and socially) detrimental design briefs. Given the plethora of interests that engineers 
must navigate, these professionals need more tools and policies and more reflective practices to 
ensure higher levels of sustainability across development, artifacts, and production processes. 
Within the framework of PNE, these points are pivotal. Carbon isn’t just an isolated metric. Its 
impact should be understood from a broader perspective, and other factors that influence climate 
in their own way (factors like methane and nitrous oxide, as well as deforestation) should be 
included. Such insights are vital as engineers seek to weigh benefits against trade-offs more effec-
tively in complex, unpredictable scenarios.
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Fostering public dialogue

It is important to note existing techniques for soliciting stakeholder feedback that engineering prac-
titioners and teachers can use to help lead change. Essential strategies include public participa-
tion (engaging the public in project initiations and developments), future thinking (projecting and 
planning by envisioning a range of possible scenarios), and participatory technology assessment 
(collaborative evaluations of new technologies; for more on this, see Chapter 18). These existing 
tools must be part of education to help a broad and diverse array of stakeholders deeply understand 
and reflect upon issues. Internal and external dialogue must occur for these tools to be effective. 
The process can articulate a new vision and/or paradigm for a healthier, more sustainable future.

The values of humility and precaution

Given the enormous complexity of the issues identified above, will it be feasible for engineering to 
deliver the right solutions? We contend that yes, doing so will demand recalibrating engineering 
to resonate with post-normal times. This will shift engineering closer to decision-making, reach-
ing beyond conventional problem-solving. PNE is tailored to offer knowledge-driven solutions 
to intricate and tumultuous political challenges by the very fact of its participatory approach, 
involving the extend peer community. This isn’t to say that engineering solutions are the sole 
answer; rather, they must work in tandem with other solutions. Therefore, in post-normal times, 
PNE practitioners, policy-makers, and advocates should operate humbly without harboring a sin-
gular mindset, overemphasizing their solutions, or portraying their approaches as the only path 
forward. As suggested before, reflexivity is essential to fostering humility. Practicing reflexiv-
ity can help engineers and the engineering community (comprised of practitioners, teachers, and 
students) continually assess the broader context and their role. This also holds for the choice of 
ethical frameworks guiding PNE in concrete circumstances. All constituents must anticipate and 
mitigate potential negative consequences in an unpredictable environment. Although predicting 
these in every instance isn’t feasible, implementing strategies for ongoing monitoring, early warn-
ing detection, and timely interventions is essential within PNE.

The precautionary principle, sometimes called the principle of caution, offers a guideline for 
handling uncertainties and potential risks. It argues that if an action (e.g., a policy, product, or 
behavior) could potentially harm individuals or the environment, especially when scientific con-
sensus is absent, we should refrain from implementing it. Tracing its origins to the safety culture 
concept, which emerged in a 1987 report focused on preventing nuclear catastrophes, the term 
safety culture now describes an institutional ethos that prioritizes safety, embedding it in every 
aspect of operations. Yet, in post-normal times, more in-depth scrutiny is warranted. Delving into 
an organization’s safety culture can benefit from Schein’s (1992) layered framework, which exam-
ines basic assumptions, stated values, and tangible artifacts. This framework proposes that beyond 
examining the explicit or professed values of engineers and their affiliated institutions, evaluating 
the tangible products they produce regarding environmental safety is imperative. Furthermore, 
it’s crucial to challenge foundational beliefs about our relationship with the world, such as the 
perceived divides between humans and nature or mind and body.

As mentioned above, this approach to envisioning involves engaging in future thinking or visu-
alizing potential future scenarios. The process employs divergent thinking to embrace uncertainty 
and identify many possible solutions. Traditionally, engineers have been trained with an analytical 
mindset, focusing on deconstructing problems and addressing them straightforwardly and effi-
ciently.
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Precaution can involve avoiding potential problems. The problem avoidance approach aims 
to solve a given problem by looking beyond or ‘upstream’ of the immediate, to alter the larger 
system, and to prevent the problem from occurring in the first place. Engineers are typically com-
fortable with the idea of problem avoidance because many engineers are attuned to convergent 
thinking. Convergent thinking aims to find the ‘correct’ solutions and minimize uncertainties. 
It is more aligned with traditional engineering mindsets than the divergent thinking needed to 
brainstorm/project/envision a vast array of possible consequences and outcomes. Incorporating 
divergent thinking alongside problem avoidance can enrich engineering and engineering educa-
tion, fostering a more comprehensive approach to addressing complex challenges and promoting 
ethical decision-making.

Remediating adverse environmental impacts

Engineers often deal with remediating adverse environmental impacts that have already happened. 
Post-normal engineers are among those concerned with remediation, yet existing practices for 
addressing current anthropogenic problems sometimes lack full recognition of the causes of the 
anthropocentric problems. Some curricula in engineering build an understanding of anthropo-
centric environmental impacts through assessments and measurements, as well as dealing with 
the consequences of such impacts. Still, they often have false dichotomies embedded in their 
underlying structure that reinforce superficial notions of separation between the material and the 
social – and between humans and non-humans (Hawkins et al., 2017). False dichotomies can lead 
engineers to view environmental problems as a reality independent of cultural and societal prac-
tices. Ethical frameworks in environmental education must consider perspectives that move away 
from separating nature and people and stop placing humans at the fore in most problem-solving. 
Responsibility, environment, and climate are transversal concerns that all the different types of 
engineers need to think about.

Undoubtedly, engineering practice and the products engineering produces have enormous 
effects in multiple realms. Environmental impact procedures exist and are part of official policy 
in many localities. Yet, there must be more assurance that ethical frameworks (named above and 
detailed in Chapter 2) inform the legally required assessments. We offer this chapter to provoke 
more (current and future) engineers to push further and question the bounds of engineering think-
ing to incorporate deep reflections of an ethical nature.

The value of reflexivity in education as a fundamental ethical attitude for PNE

Recent discussions have highlighted ethical values like precaution, transparency, openness to 
diverse knowledge and viewpoints, and accountability as essential guides for engineering practice. 
Reflecting on these values in the context of PNE, we wish to underscore reflexivity as a pivotal 
ethical approach for this era.

At its core, any ethics education seeks to cultivate a heightened sensitivity toward ethical 
dimensions of thinking, behaving, and decision-making. With this in mind, we envision PNE as a 
discipline that acknowledges the inherent complexities of its practice and actively reflects upon the 
values of itself and others. This reflection must encompass a broad spectrum, including individual 
and collective rationales, interests, aspirations, beliefs, and concerns tied to specific challenges.

Reflexivity can be the bedrock for precaution, transparency, openness, and accountability. By 
fostering this reflexive mindset during engineers’ formative years, teachers can help (future) engi-
neers better engage with and appreciate ethical perspectives such as deep ecology, sustainability, 
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and land ethics. Reflexivity represents a foundational practice to support ethical competence in 
thinking and being. Reflexivity doesn’t emerge in a vacuum, though; it is nurtured through dia-
logues that probe the ethical dimensions of engineering. Cultivating the ability to reflect upon 
one’s and others’ values starts with exposure to and deliberation upon a diverse array of ethical 
frameworks. These might range from traditional anthropocentric theories to the more environ-
ment-centric approaches detailed in this chapter.

Engaging in dialogue and informed discussions is indispensable in engineering ethics educa-
tion. Such interactions bolster ethical competence and unveil diverse (and sometimes conflict-
ing) beliefs and viewpoints prevalent among engineers. Engaged dialogue fosters a richer, more 
nuanced understanding of engineering ethics than traditional teacher – pupil lecturing can.

Conclusion

This chapter has introduced PNE as an approach for developing sociotechnical strategies and 
solutions to urgent complex problems. Such engineering practices must be humble – because their 
intended effects and broader implications are uncertain – and reflexive – as different perspectives 
and possible ways to address crises must be discussed and considered. When working on urgent 
complex problems, ethical dilemmas will occur, and engineers must be able to identify dilemmas 
and reflect on how to transcend them. The chapter has presented a selection of frameworks and 
concepts that might be relevant for PNE practitioners. The frameworks and concepts introduced 
here highlight different ethical concerns, some of which are neglected or at least treated briefly in 
engineering ethics education research. Although we have aimed to be comprehensive, the ‘ideas 
and frameworks’ presented above are merely a starting point. We invite readers to join this dia-
logue, building upon and refining these foundational concepts in the ever-evolving domain of 
engineering ethics.

Overall, we have advocated PNE as a reflexivity lens and sketched an emerging vision of what 
PNE might look like. Fleshing out and realizing this vision is, of course, a work in progress. It will 
require collective and reflexive effort from a community of diverse thinkers, engineering educa-
tors, and practitioners. Essentially, via this chapter, we have launched a call for participants to 
join the discussion on PNE and reflexivity and use these concepts to facilitate a marked change of 
direction – a new paradigm for thinking and being – that draws from yet reacts to today’s ‘normal’ 
engineering practices. We call you to join our community, working toward a more rigorous and 
reflexive way of addressing global crises through engineering and design.
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Introduction

This chapter lies at the intersection of engineering, ethics, education, and artificial intelligence 
(AI). It discusses how to educate engineers about ethical issues specific to AI engineering and AI 
in engineering, and how AI may be used as a tool in the engineering ethics classroom. As with the 
other chapters of this handbook, we begin by describing our context, or positionality, as authors.

Positionality

Three academics have written this chapter. The first author, Cécile, is an engineer, computer sci-
entist, and learning scientist working as a pedagogical advisor at École Polytechnique Fédérale de 
Lausanne (EPFL) in Switzerland. Cécile came late to ethics in the context of her work with teach-
ers. As one of the few women during her engineering and computer science journey, she has been 
particularly inspired by women in AI ethics. Cécile advocates for practice-oriented, in-context 
approaches rooted in active and experiential learning.

Mihály is a Hungarian philosopher and computer scientist interested in engineering design, 
epistemology, and ethics, especially in the context of AI and other software. His career as a soft-
ware engineer gave Mihály social mobility, a much-needed window to Europe and beyond, and 
the means to study and teach philosophy at the Department for Philosophy and History of Science 
at Budapest University of Technology and Economics, which has been his main occupation over 
the past decade.

Vivek is a non-binary roboticist, learning scientist, and lecturer educated in Asia, North 
America, and Europe. After completing his Ph.D. in robotics, he shifted focus toward engineering 
education and ethics based on his desire to emphasize the importance of societal responsibility in 
engineering. His research explores new ways of teaching ethics to engineers using generative AI 
as a pedagogical tool; his teaching focuses on developing new curricula for infusing sustainability 
in all aspects of engineering education.
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Engineering ethics education and AI

What do we mean by AI?

The term ‘artificial intelligence’ has long been a subject of terminological debate. Perhaps the most 
potent force of canonization was the Russell-Norvig (1995) textbook, which offers a two-by-two 
matrix of definitions that we summarize thus: AI as relating to internal workings versus observable 
behavior; AI as performance compared to humans versus an ideal measure.

The lack of total convergence in the definitions is not only a result of the Babelian state of the 
human race. AI, with its boom-and-bust cycles, can be, at times, an appealing brand, capable of 
attracting investors and, at the same time, the subject of an increased level of scrutiny, both moral 
(AI-HLEG, 2019) and legal (Madiega, 2021). Although still under development, the definition 
we uphold in this chapter is provided by the legal efforts behind the European Union AI Act: “a 
machine-based system designed to operate with varying levels of autonomy and that may exhibit 
adaptiveness after deployment and that, for explicit or implicit objectives, infers, from the input 
it receives, how to generate outputs such as predictions, content, recommendations or decisions 
that can influence physical or virtual environments” (Council of the European Union, 2023, p. 29).

Under the hood of AI

The technology that led to the most recent developments in AI is machine learning (ML), through 
which software can ‘learn’ from data – particularly non-symbolic ML, such as artificial neural net-
works. Large language models (LLMs), the technology behind ChatGPT, are a recent evolution of 
these techniques. From an engineering standpoint, we note that non-symbolic ML generally differs 
from other types of software or even from older versions of AI:

 1. The design process for ML software starts and centers on data instead of a set of fixed, 
human-defined rules.

 2. In most cases, the obtained ML model is a black box, and it is hard (if not impossible) to 
explain how a model produces a given output.

 3. The failure modes of ML algorithms are significantly different from those of other types of 
software, making it challenging to ensure the safety and security of ML-based systems.

Although not all AI technologies have the characteristics mentioned above, the ones listed here do 
generate specific ethical issues that engineers should be able to consider.

Engineers and AI

Concerning AI, we may simplistically consider three categories of roles for engineers: end-users 
(e.g., in AI-assisted engineering); designers/assemblers (e.g., designing complex AI systems, 
embedding AI agents into larger systems such as autonomous vehicles or robots); and developers 
(i.e., implementing AI agents). While some of these roles can be considered the domain of com-
puter science rather than engineering, this distinction is fading as AI spreads across disciplines 
(e.g., mechanical engineers may contribute to developing AI agents for mechanical applications). 
This tendency is reflected in the introduction of AI-related courses throughout engineering cur-
ricula. Orchard and Radke (2023) report that “the use of AI is pervasive across disciplines such 
that whether the program majors appear to be AI related is not indicative of their students’ engage-
ment with the technology” (p. 15838). As engineering students are increasingly introduced to AI, 
they should simultaneously be introduced to AI ethics.
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Ethical issues specific to AI arise in all of the above-mentioned roles, albeit to different extents. 
This is why this chapter focuses on engineers as potential ethical actors in the AI value chain and 
discusses the ethical knowledge and competencies engineers need to develop concerning AI.

State of the literature

Ethical questions with AI attract an exponential amount of interest. In December 2023, a Scopus 
search for ‘artificial intelligence’ AND ‘ethics’ returned 5,254 documents and showed that the 
annual number of publications on AI ethics has been multiplied by ten in just 5 years, from 96 
papers in 2017 to 1,000 in 2022. In comparison, scholarship that looked at AI ethics education was 
much more limited and went from 13 annual publications to 139 over the same period. Strikingly, 
engineering has not been associated much with this field so far: the annual number of publications 
found using the query ‘artificial intelligence’ AND ‘ethics’ AND ‘education’ AND ‘engineering’ 
was only two for 2017 and 30 for 2022.

In this chapter, we review what exists and where development efforts are needed by consider-
ing three main questions: Where are the ethical challenges for engineers involved with AI? What 
should engineers know about AI ethics? How can AI engineering ethics be taught, including the 
use of AI as a tool?

AI-specific challenges for engineers

Researchers have proposed the notion of ‘ethical debt’ (Petrozzino, 2021) to refer to the cost 
generated by negative impacts resulting from ethically flawed systems, in particular AI. This cost 
is not only borne by system developers, designers, and end-users but also by a range of indirect 
stakeholders (individuals, communities, societies, and the environment), and it is generally irre-
versible. Multiple AI-related scandals illustrate how odious that cost may be, such as the thousands 
of children separated from their families in the Dutch fraud detection scandal (Sattlegger et al., 
2022). As potential actors in the decision chain that leads to ethical debt, engineers may face dif-
ferent types of challenges depending on their role.

Engineers as AI users

One frequent claim about AI algorithms is that they can be more ‘objective’ or ‘truthful’ than 
humans. Even a major governmental organization like the Food and Drug Administration (FDA), 
which plays a major role in pharmaceutical product safety in the United States, suggested in a 
recent document that AI could “eliminate the subjectivity in the analysis of sophisticated coun-
terfeits” (HHS OCAIO, 2023, p. 3). This widespread belief is contradicted by a large body of 
research that shows that sources of non-neutrality, subjectivity, and untruthfulness are inherent to 
the AI production process. For instance, Suresh and Guttag (2021) identified no less than seven 
different sources of bias throughout the ML life cycle. Worryingly, Griffin et al. (2023) have shown 
that AI developers also tend to conceptualize AI as value-neutral, with the ethical responsibility 
lying with the user (an issue we further detail in the following section). This is particularly prob-
lematic when AI is used in the engineering design process – ethical flaws in the design tools may 
induce ethical flaws in the designed products without engineers realizing it. Imagine utilizing an 
AI-based markerless human pose estimation tool to assess the likelihood of user injury based on 
the mechanical features of an electric scooter. Contingent upon the dataset it has been trained on, 
such a tool can be biased (LaChance et al., 2023), and its performance may be lower for specific 
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user groups. Using such a tool in the engineering process could, therefore, result in serious safety 
risks for the scooter users.

It is essential that engineers assess ethical risks in AI tools they use – and exercise critical think-
ing about providers – amid the complex political, ideological, and financial dynamics in the AI field.

Engineers as designers/assemblers or developers of AI

Engineers’ responsibility is, of course, more direct in AI designer/assembler or developer roles, 
where the challenges are also more numerous.

Combined ethical and technical knowledge

In their study of AI developers’ agency, Griffin et al. (2023) reported that interviewees described a 
range of routine technical choices without realizing their ethical dimensions. They suggested that 
AI developers have “ethical agency ‘veiled’ as technical agency” (Griffin et al., 2023, p. 6). While 
this implies that some technical choices in AI entail ethical dimensions, the opposite is also true: 
some ethical choices in AI entail technical dimensions. For instance, a dedicated field of study 
researches the fairness of AI algorithms, which has resulted in the development of a range of fair-
ness metrics to assess model fairness as well as technical solutions to try to improve it (Pessach & 
Shmueli, 2022). As we elaborate later, nearly all dimensions pertaining to the ethics of AI involve 
some combination of ethical and technical knowledge. Without this combination, engineers will 
find it challenging to assess and mitigate ethical issues.

Dilemmas

The AI domain is also full of ethical dilemmas disguised as technical dilemmas. Decisions made by 
AI-powered autonomous vehicles in life-or-death situations, popularized by the Moral Machines 
project at the Massachusetts Institute of Technology (MIT, n.d.), are a well-known example. Other 
less visible but perhaps more impactful ethical dilemmas arise in the design decisions engineers 
make when building AI systems – usually called ‘trade-offs’ in the AI literature. One example is 
the fairness–accuracy trade-off: currently, methods that improve the fairness of a model usually 
decrease its overall accuracy (Pessach & Shmueli, 2022). Many other examples can be found in 
Sanderson et al. (2023).

Some of these dilemmas not only need recognition and resolution but also re-evaluation. 
Regarding new technologies, we are usually presented with trade-off situations (Héder, 2021), 
which often appear to be either using the technology and risking harm or not using it and risk-
ing missing out on economic progress. The literature on technological determinism warns us that 
these first takes are almost always wrong and driven by a misguided ‘technological imperative.’ 
Engineers, business owners, and beneficiaries of technological advancements often hastily accept 
risky features as inherent to technology, implying that society must tolerate these risks. These are 
false trade-offs, which can be ultimately prevented at marginal, sometimes completely trivial cost 
– or even no cost at all – with better policies (Héder, 2021, p. 127).

Modularization

Engineers increasingly work with modules that they assemble instead of developing models from 
scratch (Widder & Nafus, 2022). Generic models such as ‘foundation models’ can be reused and 
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fine-tuned for specific applications. Modularity introduces what Widder and Nafus call ‘dislocated 
accountability.’ Their interview-based research found that “acknowledgement of harms was con-
sistent but nevertheless another person’s job to address, almost always at another location in the 
broader system of production, outside one’s immediate team” (Widder & Nafus, 2022, p. 1). While 
modularization is not specific to AI, it creates additional challenges in the case of AI because of 
AI’s black-box nature.

Topics in AI ethics

We now present a selection of ongoing conversations in AI ethics that can provide inspiration for 
AI ethics curricula for engineers. In doing so, we highlight existing controversies and debates, and 
identify knowledge and skills for engineers to develop. We are not aiming for exhaustiveness in 
the themes we cover (see Hagendorff, 2022 and Kazim & Koshiyama, 2021 for more complete 
overviews).

Fairness and bias

Avoiding bias in any kind of system, including AI, is a central concern. It is widely recognized that 
a biased automated sociotechnical system can cause extreme levels of harm: the well-researched 
case of the algorithm for analyzing Dutch child benefits (i.e., signaling risks for biased reasons), 
together with inadequate bureaucratic processes, resulted in tens of thousands of wrongfully 
canceled child benefit cases (Sattlegger et al., 2022).

Training data is one major source of bias in AI. In applications where generating data for AI train-
ing requires some form of human involvement, the process is exposed to cognitive biases. Three 
are especially prevalent – selection bias, conformity bias, and exposure bias – but there are several 
more (Chen et al., 2023). Bias can also arise from the model itself, even with unbiased data. For 
instance, a model may over-generalize from some data points and under-generalize based on others 
as a result of applying various heuristics that do not have much to do with the semantics of the data. 
Other sources of bias arise from choices in the model development process (Suresh & Guttag, 2021).

A biased system is unfair, and can take several forms. It may exhibit the Matthew effect, dis-
criminate based on protected attributes (e.g., ethnicity, religion), or exhibit error rates that differ 
significantly among groups. Current methods to address unfairness issues at the algorithmic level 
include intervening on the training data, the model, or its output (Pessach & Shmueli, 2022). 
However, identifying and addressing bias is not always a straightforward statistical exercise. 
Although some methods can shed light on causal relationships in unfairness issues (Dubber et 
al., 2020), the definition of bias in certain edge cases requires elaborate philosophical or political 
discussions (e.g., see Coeckelbergh, 2022, chap. 3, p. 86).

Fairness is among the most widely addressed topics in AI ethics syllabi (Garrett et al., 2020), 
most frequently introduced through a review of existing fairness metrics with mathematical defi-
nitions. While contradictory to each other (Pessach & Shmueli, 2022), these metrics still allow 
students to perform calculations on example datasets and models and are often used to introduce 
the philosophical notion of fairness. Fairness evaluation and algorithm auditing are essential skills 
for engineers to develop – alongside bias mitigation design.

Safety and the alignment problem

Safety is quite a central consideration in AI ethics because of the scale at which these systems can 
be deployed; even small error proportions can have massive consequences. A significant chal-
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lenge is to cope with AI’s black-box nature and specific failure modes. Latent errors, hard-to-
predict modes of failure, and model drift are examples of the numerous difficulties with safety 
in AI systems such as self-driving cars (Cummings, 2023). Traditional software safety methods 
such as testing and code audits are very hard – if not impossible – to use, and public news is rife 
with examples of AI systems with worrying safety issues, including fatalities (Raji et al., 2022). 
AI safety risks can be considered at different time scales (Sætra & Danaher, 2023), which is the 
subject of a raging debate between advocates of the long-term risks – in particular, ‘existential 
risks’ (also called ‘x-risks’) that threaten human existence – and those arguing that more atten-
tion should be paid to demonstrated short-term risks that are already affecting populations and the 
environment.

Autonomy in AI systems, which implies a capacity to make (im)moral decisions, raises a spe-
cific safety risk called the ‘alignment problem’: ensuring that the values manifested in an AI’s 
decisions and acts are aligned with human society. The problem of AI alignment is twofold, 
according to Gabriel (2020): (1) whose values should an AI be aligned with and (2) how to do the 
alignment. If the question of selecting the values (to align with) in a pluralistic world is evidently 
and intrinsically perilous, its implementation is far from trivial as it involves operationalizing the 
selected values (which will again give rise to debate at another level).

Beyond the performance measures currently central in AI curricula, engineers should be 
given a practical understanding of AI safety, drawing attention to the potential negative impacts 
on humans and the environment, both at the micro (individuals) and macro (societies) levels. 
Evaluating these impacts requires risk assessment methods – an approach also used in the EU AI 
Act. Finally, an introduction to values and their role in the design process and skills with methods 
such as value-sensitive design or VSD (Friedman & Hendry, 2019) seem particularly relevant (for 
more on teaching using such approaches, see Chapter 22).

Transparency and explainability

While traditional AI-leveraged methods were essentially self-explanatory (using logical rules, 
decision trees, and semantic technologies), these turned out to have less success and more modest 
capabilities than ML, which, in turn, has a tendency to produce black boxes. An active system that 
we don’t understand – one that makes decisions for us instead of us – naturally raises concerns. 
The problem is epistemic and the idea is that opacity (Héder, 2023a) takes away our control and 
our sense of intellectual oversight (Héder, 2023b). On the other hand, transparency can be a way 
to build trust in the system. The notion of transparency or explainability is, therefore, the most 
common feature of regulation (Hagendorff, 2020).

However, the fact that explainability and transparency build trust should not be accepted with-
out challenge. Some findings indicate that this effect may present itself only occasionally and 
may even decrease trust (Scharowski, 2020; Schmidt et al., 2020). Naturally, the transparency 
of a system to an individual greatly depends on the a priori knowledge of that person about how 
AI works, as well as the person’s level of exposure to the system. Therefore, the draft standard 
in this question (P7001, Winfield et al., 2021) distinguishes between expert, user, and bystander 
roles.

Human agency

The increasing presence of AI systems in our lives raises questions regarding our agency (Prunkl, 
2022): Is our agency augmented or antagonized by increasing AI autonomy?
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AI’s impact on human agency is a double-edged sword. While AI tools have contributed to 
improving people’s quality of living, often by employing their data to provide tailored recommen-
dations (Logg et al., 2019), there are concerns about how the data is obtained, stored, and utilized 
– and controversies regarding manipulation and surveillance (Floridi et al., 2021; Ienca, 2023). AI 
tools like chatbots may seem impressive at mimicking human interactions that seemingly display 
feelings of empathy (Stark & Hoey, 2021), and that characteristic can add to the automation bias 
problem – where humans overly trust AI recommendations – that undermines critical thinking and 
accountability (Ienca, 2023; Suresh et al., 2020). Moreover, AI can also perpetuate falsehoods and 
contribute to the illusory truth effect (i.e., the propensity for humans to believe misinformation as 
truth by dint of repetition).

This highlights the ethical responsibility in engineering to engage (as users and creators) with 
AI systems in a way that respects user boundaries, maintains transparency, and upholds ethical 
interaction standards. A balanced approach is essential in classroom discussions, examining the 
potential benefits and the ethical issues AI systems pose – as this will determine how human 
empowerment and agency are protected and strengthened. For a more detailed critique of how AI 
autonomy affects human agency, we refer readers to Mhlambi and Tiribelli (2023).

Sustainability

Currently vastly under-addressed in typical AI curricula, sustainability questions materialize a 
central dilemma: AI offers some potential for addressing some of the complex climate change 
issues (Larosa et al., 2023) while at the same time requiring colossal amounts of resources, includ-
ing energy, data, hardware, and human labor (Bender et al., 2021). The complex cost–benefit 
questions related to AI should not be left out of current efforts to introduce sustainability into 
engineering programs.

While the environmental impacts of AI in general remain massively undocumented, recent 
studies on LLMs tend to show that both the carbon and the water footprints of these systems are 
significantly larger than for other IT systems (Li et al., 2023; Luccioni et al., 2023; Patterson et al., 
2021). In addition to parameters related to cloud infrastructure, the size of the datasets and models, 
but more importantly their architecture, seem to increase the impact at the time of both training 
and use. The GPT models (e.g. ChatGPT) seem to have a particularly high environmental impact, 
which is concerning given the attention they generate in (engineering) education.

Unfortunately, AI also presents other sustainability issues (Crawford, 2021). Researchers have 
investigated the questionable labor practices behind AI (Hagendorff, 2022), exemplified by the 
Kenyan workers who made ChatGPT less toxic, reducing the amount of violent, racist, and sex-
ist outputs for end-users by reviewing and labelling harmful content manually. On the hardware 
side, although many sustainability issues are not AI-specific but cloud-computing related, the 
 exponential increase in dataset and model size leads to a race for optimized hardware. In addition 
to the catastrophic environmental impact of hardware production (Crawford, 2021), these impact 
reduction efforts are likely to be counteracted by increasing demand (rebound effect, see Grubb, 
1990).

Although more research is needed, engineers should be introduced to these issues as early 
as possible and develop skills for evaluating AI systems’ carbon and water footprints. The sys-
temic nature of these issues also calls for macro approaches encompassing the whole AI life 
cycle and including questions of resources and labor dynamics at a large scale. In particular, 
engineers need to develop systems thinking skills and practice with methods such as life-cycle 
assessment.
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Regulation of AI

The successes of AI in the 2020s provoked a wave of soft laws and regulations (Héder, 2020). 
One major challenge is assigning responsibility for unfortunate or unwelcome events. Since 
responsibility is closely associated with decision-making, AI automated decision-making has cre-
ated a responsibility gap (Matthias, 2004): a system making a decision is not a legally account-
able agent, unlike the human being it replaced. Therefore, responsibility needs to be assigned 
elsewhere, but this redistribution is far from trivial. Another issue is the vast potential of AI 
for technology lock-in because, as with any software, once developed at significant expense, 
the margin cost of reproduction is minimal. The fact that software can be reused cheaply and 
infinitely removes the incentive for creating a completely new one at high capital expenditure. 
The lack of serious new computer operating system projects illustrates this point quite well. In 
this case, the decisions made in the early stage, lacking information and foresight, may have 
long-lasting consequences. Finally, generative AI challenges existing copyright and intellectual 
property frameworks.

In addition to theoretical background – on how norms are created or studying certification 
materials and reports of actual systems – mock evaluation sessions and simulated certification 
processes (e.g., where one team of students act as the product owners while others as the certifying 
body) can provide engineers with a pragmatic understanding of regulatory issues. Yet, the rapid 
evolution of AI regulations will make it challenging to keep educational material up to date.

Pedagogical methods

We now turn to the pedagogical methods that could be used to teach engineers about AI ethics. 
Although still few, there are some reviews of AI ethics syllabi, mainly in the United States (Garrett 
et al., 2020; Raji et al., 2021; Saltz et al., 2019; Tuovinen & Rohunen, 2021). They tend to show 
that the range of pedagogical methods used in AI ethics is quite diverse and has much in common 
with engineering ethics education (EEE) methods – the overall topic of this handbook. The follow-
ing subsections provide an overview of existing approaches and identify avenues for future work 
related to EEE and AI. We will discuss the specific case of how AI could be used as a tool for EEE.

General engineering ethics methods

Readings followed by class discussions are among the most frequently used methods in AI eth-
ics classes (Garrett et al., 2020; Raji et al., 2021; see also Chapter 25 on reflective and dialogical 
approaches to teaching EEE). Reading lists generally include research papers and news articles 
that help relate course content to current events. Although academic readings may provide insights 
into the multidisciplinary nature of AI ethics (Raji et al., 2021), the vocabulary used may create 
difficulties for students, and engineering students generally have little experience with these meth-
ods, especially at the undergraduate level (Tuovinen & Rohunen, 2021).

Pedagogical methods in AI ethics also include case studies (e.g., see Alam, 2023; and Chapter 
20) for students to practice assessing ethical dilemmas and ethical decision-making. Unfortunately, 
there’s no shortage of opportunities to build cases on AI-related real-world events. Cases are fre-
quently used with other techniques such as role plays (Hingle & Johri, 2023; and Chapter 24) and 
debates (Alam, 2023; and Chapter 25). Some AI ethics courses make use of science fiction (Burton 
et al., 2018; and Chapters 13 and 24) to equip “students with skills to cope also with the unfore-
seen ethical issues in their future work” (Tuovinen & Rohunen, 2021, p. 21). Games are another 
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pedagogical tool used in AI ethics, whether in digital or physical form (Alam, 2023; Hardebolle 
et al., 2022).

Experiential practice-based approaches

Practice-based approaches are a central component of AI courses for engineers. Exercises and 
projects (see Chapter 21 on problem-based learning in EEE) provide opportunities to experience 
the AI development process, which, besides aiding future AI developers, also enhance engineers’ 
understanding of the underlying mechanisms of AI. Below, we discuss how such activities can 
provide opportunities to teach and learn AI ethics in context.

Exercises with data

The data on which AI systems rely provides valuable opportunities for ethics education. Public 
datasets such as the COMPAS (Angwin et al., 2016) are frequently used for bias analyses. The ‘AI 
and Equality Toolbox’ (AI and Equality, n.d.) provides a Jupyter Notebook (an interactive docu-
ment including modifiable code) for exploring biases within the German Credit Dataset (Hofmann, 
1994). Other fairness-related datasets can be found in a review by Pessach and Shmueli (2022).

Another pedagogical intervention worthy of attention had students use ‘datasheets’ (i.e., struc-
tured documents that provide contextual information about a dataset) when working on an ML 
problem (Boyd, 2021). The study found that participants using datasheets identified ethical issues 
earlier and more often than those without. Similar documents called ‘model cards’ exist for ML 
models (Mitchell et al., 2019). Introducing engineers to such tools could potentially help address 
the dislocated accountability issue related to modularity. A key challenge for educators is that these 
tools are in their infancy and will likely evolve.

Exercises with models

Having students train an AI model themselves can create interesting conditions for ethical reflec-
tion, as suggested by Ko and colleagues: “have students train basic machine learning models, and 
then reflect on the application and limitation of those models to particular contexts, such as admis-
sions and financial aid decisions” (Ko et al., 2023, chap. 15).

AI models for classification and prediction can be the object of fairness analysis exercises by 
having students compute and interpret fairness metrics (Pessach & Shmueli, 2022). The ‘Human 
Contexts and Ethics’ program of Berkeley (Berkeley CDSS, n.d.) proposes Jupyter Notebooks that 
include programming tasks using fairness assessment libraries, which can also produce visualiza-
tions (Quedado et al., 2022). Thanks to the notebook format, the exercises integrate ethical reflec-
tion questions related to the limits of fairness metrics and the contextual nature of fairness. Such 
approaches could be applied to other ethical issues reviewed previously.

However, as far as we know, evaluation of such methods in terms of impact on student learning 
is lacking. When reporting on a survey of engineering students that included an AI fairness case 
study, Orchard and Radke (2023) commented: “students are often able to identify and suggest 
actions for mitigating the [fairness] issue from a technical standpoint but rarely connect it with 
broader ethical and societal implications” (p. 15834). Educators and researchers should take this 
preliminary result as a warning about the limits of addressing ethical concepts such as fairness 
solely through mathematical and technical lenses. More research is needed to identify how to 
combine experiential approaches with broader philosophical approaches.
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Engineering projects

A central experiential component of engineering education, engineering projects provide evident 
opportunities to integrate AI ethics. In their ‘simplest’ form, interventions in projects can build on 
ethical reflection tools such as questions (Saltz et al., 2019). Assessing students’ ethical reflection 
can be a difficulty for engineering educators, but can be overcome with appropriate pedagogical 
support (e.g. grading rubrics). Involving ethicists and social scientists in projects is another way to 
integrate ethics into AI engineering (Tigard et al., 2023), provided that students receive appropri-
ate training and support for interdisciplinary teamwork to ensure a positive experience. Finally, 
projects involving a human research component can help students develop research ethics skills 
and methods from the human sciences fields (Williams et al., 2020).

Projects can also provide opportunities for students to practice specific engineering ethics 
methods applied to AI, a type of intervention we were not able to find in existing publications. We 
suggest in particular value-sensitive design (Friedman & Hendry, 2019; see Chapter 22); partici-
patory design (Gerdes, 2022; see Chapter 23); ethical risk assessment (Hardebolle et al., 2023); 
technology assessment (Børsen, 2021); and life-cycle assessment (Ligozat et al., 2022). The main 
challenge, in this case, is to involve trained specialists of these methods in the design and supervi-
sion of the projects and/or to train the teaching teams. This challenge is also an asset – shared with 
the approaches that we discuss in the next section.

Curriculum-wide interventions

Harvard University implements a curriculum-wide program called “Embedded EthiCS” (Grosz et 
al., 2019) wherein philosopher-designed ethics modules involving case studies with analytic meth-
odologies and small group discussions are embedded into computer science courses. While some 
evaluations have been conducted in terms of students’ interest and self-efficacy toward ethical 
issues (Horton et al., 2022), more research is essential to assess the impact of such interventions, 
particularly for engineers.

Northeastern University chose to embed ‘Values Analysis in Design’ modules into AI-related 
courses (Kopec et al., 2023). While the pedagogical methods used are mostly similar to those 
mentioned above, its specific focus on value analysis builds on prior engineering ethics work with 
value-sensitive design (Friedman & Hendry, 2019). An evaluation showed significant changes in 
students’ attitudes with respect to values and ethically responsible design (Kopec et al., 2023). 
While further evaluation is needed, such approaches could also be applied to programs teaching AI 
to engineers. See Chapter 22 on VSD and Chapter 12 on engineering design for further discussions.

Overall, the contextualization of ethical concerns in practical settings provided by experiential 
practice-based and embedded approaches seems promising. However, they have their detractors 
(e.g. Raji et al., 2021), and the evidence is still extremely limited.

AI as a tool for teaching ethics

Applications of AI as a teaching and learning tool are almost as old as the field itself, but the LLM 
boom has now heightened interest and fears. It would be beyond the scope of this chapter to elabo-
rate on the use of AI for general education, or even for engineering education, and so we focus only 
on applications to ethics education, a domain which seems under-explored. However, we want to 
make clear that we by no means consider AI as a silver bullet for this task, not least because it 
comes with concerning ethical issues that we explore at the end of this section.



Engineering ethics education and AI 

135

AI in case-based learning

Previous work as explored the use of AI for on-the-spot assistance but also for preparatory training 
in moral decision-making (O’Neill et al., 2022). For instance, AI could be used to provide inter-
active, personalized, step-by-step guidance in case study analysis. In utilitarian calculus applica-
tions, additional information (e.g., background, stakeholder preferences, and probabilities) could 
be interactively provided to learners. Alternatively, learners could be presented with similar cases 
to compare since, unlike case law, in ethics precedents are not binding. O’Neill et al. (2022) have, 
however, flagged critical ethical risks associated with this use – such as unintended influence – and 
others to which we return later.

Students as critics of AI output

Students’ experience with publicly available generative AI could be leveraged for ethics interven-
tions. For instance, students could be asked to create text, images, or videos and analyze the output 
in terms of the kind of values or biases they present (e.g., political bias, see Narayanan, 2023) or 
to identify instances of ‘plausible non-sense’ in AI chatbot outputs (Hardebolle & Ramachandran, 
2023) and reflect on how much such systems should be trusted. While we found academic work 
doing this type of analysis (e.g., Srinivasan & Uchino, 2021), we were not able to find studies on 
educational interventions. One challenge is that methodologies for performing such evaluations 
rigorously can be quite complex. It is worth highlighting that some studies found that students 
may be reluctant to use generative AI tools even when encouraged to do so (Prasad et al., 2023).

For classification or prediction models, students could be guided to use one such model to 
make a decision and then reflect on how they made the decision, particularly in terms of their own 
cognitive biases. Such an activity could provide an introduction to the challenges of AI-assisted 
decision-making, particularly the issue of automation bias (Suresh et al., 2020). The effectiveness 
and challenges of such interventions remain to explore.

Students as ‘subjects’ of AI processing

Prior research has explored activities where students have worked with data on themselves to 
increase learning engagement. Shapiro et al. (2020) showed how such activities can support criti-
cal reflection and help students develop an ethics of care. Although they are preliminary, these 
results seem promising as “students were confronted with the idea that they are the ‘other’ within 
systems that use and may exploit personal data and as a result, began to consider what care they 
desire or demand from these systems” (Shapiro et al., 2020, p. 9).

A similar ‘making it personal’ approach has been explored in AI-type tasks reported by Register 
and Ko (2020). Students implemented a model that predicts a student’s grade based on self-reported 
measures of interest in courses and input their own data. Although the intervention was limited to 
very simple models, students seemed to pay more attention to the teaching material and appeared 
better able to explain underlying ML mechanisms. We see potential interest in these methods for 
students to empathize with end-users, realize what AI-assisted decision-making means in practice, 
and get a better understanding of transparency issues. Still, these hypotheses would need to be 
tested.

Even AI tools that may be generally considered ‘harmful’ or ‘unethical’ could be used as peda-
gogical instruments to explain the consequences of their irresponsible use on unwitting stake-
holders. For instance, Ramachandran et al. (2023) examined the effect of using deepfakes as a 
pedagogical tool to foster students’ empathy towards victims of this technology (as in the case of 
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non-consensual deepfakes, pornographic ones in particular). This topic appeals to the students’ 
sense of responsibility as potential creators of AI tools. Engaging in such discussions prompts 
students to confront similar ethical quandaries they may encounter as professionals in the future, 
enhancing their moral sensitivity, motivation, and reasoning.

Another way of making it personal is to have an AI assess students’ productions (such as 
essays) and guide students to reflect on the process and its results afterward. While evaluations 
of the potential of AI for this type of use exist, we did not find interventions that make use of it 
for teaching ethics. Such an intervention could provide opportunities for discussing the ethics of 
automated evaluation, trustworthiness, transparency, and empowerment questions, as well as the 
role of emotions in ethics. However, instructors should exercise caution and assess both the ethics 
and legality of this type of setup in their own context.

Overall, the balance between benefits and risks of all the interventions mentioned in this section 
should be carefully evaluated, a point we address in the next section.

Ethics of using AI for EEE

In this section, we examine the ethical risks associated with the use of AI in EEE by successively 
adopting the point of view of the five ‘ethical lenses’ of the ‘Digital Ethics Canvas’ (Hardebolle et 
al., 2023), a methodological tool designed for teaching ethical risk assessment to engineers.

Sustainability

Encouraging AI usage in universities raises systemic environmental risks as the rising energy con-
sumption and resultant carbon footprint from server operations per user is immediately multiplied 
by large numbers of students. As we have seen, the environmental impact of generative AI is much 
higher than most other types of software or digital tools (Luccioni et al., 2023). Instructors ought 
to evaluate the necessity of using AI systems for specific educational tasks, and consider alterna-
tives that have a lower impact. More generally, environmental impact and labor practices should 
be treated as essential criteria when selecting an AI system.

Privacy

Student privacy and data security is of prime importance in educational contexts. The collection 
of student data for AI use in ethics education is a real risk since it may include sensitive informa-
tion about student values and morality (O’Neill et al., 2022). The potential re-use of student data 
for AI training is also of concern since training data can be retrieved from models (Carlini et al., 
2023). While European institutions are particularly attentive to institutional use with the General 
Data Protection Regulation (GDPR), it is imperative to sensitize students to data consent and its 
consequences, especially with US-hosted tools such as ChatGPT.

Fairness

Students should not incidentally be subjected to unfair treatment or outcomes while using AI for 
ethics education. Two aspects to consider for fair treatment are access and accessibility. Although 
free accounts can facilitate access, they often lead to problematic differences in privacy treat-
ment. Accessibility considerations (e.g., interface, language) are often not considered in software 
interfaces, and AI is no exception. Regarding outcomes, although demonstrating the biases in 
AI-generated output (Abid et al., 2021) can be helpful as an educational exercise, instructors 
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should not underestimate the emotional response or even trauma that exposure to biased informa-
tion can generate and must take appropriate measures.

Non-maleficence

Significant attention has been drawn to the potential adverse effects of generative AI on human 
learning, even though some argue that this issue dates back to the invention of writing (see Plato, 
Phaedrus 14, pp. 274–275). The impact on human skills generally requires more research. An 
open question regards whether AI harms the learning assessment process: on one hand, it inter-
feres with students’ writing; on the other hand, it can be used by instructors to ease the tedious 
process of analyzing textual productions (which comes with other risks, as discussed earlier). In 
addition, we should not lose sight of the harms that arise at a more macro/global level, among 
which we can cite content stolen from authors and artists – and information pollution on a large 
scale.

Empowerment

The ‘plausible nonsense’ (also called ‘hallucinations,’ see Huang et al., 2023 for a review) 
unpredictably generated by LLMs might offer intriguing exercises for practicing critical think-
ing. However, aggravated by the lack of information provided to users on the unreliability of 
the output, it remains problematic in numerous scenarios (e.g., searching for information). When 
available, AI tools that provide ways for users to evaluate output quality are generally preferable, 
particularly in educational settings. In addition to dis-empowerment risks relating to the black-box 
nature of AI and the associated “inescapability of outside influence” (O’Neill et al., 2022, p. 9), 
some interface designs can also increase the human tendency to anthropomorphize these systems, 
which can lead to serious consequences (manipulation, in particular, emotional manipulation and 
dependency), particularly for vulnerable groups.

With our review of the ethical risks above (which is not exhaustive), we hope that we have 
illustrated how critical reflective practice can be applied to the case(s) of using AI tools in ethics 
education. Beyond AI, our use of digital tools in education should be driven by our values – an 
exercise that is challenged by the pressure of productivity and the strong push from tool vendors.

Conclusions

This chapter has grappled with a unique set of challenges and opportunities. Although the top-
ics of AI ethics and AI in education are rich and constantly evolving, pedagogical methods are 
still nascent, particularly within the context of engineering education. We navigate the inherent 
complexities of this field by adopting an interdisciplinary view that balances our varying opin-
ions. However, we are simultaneously unwavering in our commitment to addressing the broad 
spectrum of ethical issues that arise when AI is used in education. One of the limitations of this 
chapter, and a challenge for EEE practitioners and researchers, is the temporality of our conclu-
sions – AI and AI ethics evolve at lightning speed as new technologies, policies, and ethical 
dilemmas emerge.
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This section of the handbook aims to provide readers with a conceptual toolbox that can enhance 
the reading of ideas and concepts that emerge in other sections and later chapters. This reflects that 
many of the ideas and directions of travel in engineering ethics education come from disciplines as 
diverse as philosophy, sociology, psychology, organizational and management studies, engineer-
ing design, and law, as well as from the practices and epistemologies of different engineering disci-
plines, such as mechanical, chemical, electrical, software or civil engineering, among others (this 
issue is explored in more depth in Section 3 of this handbook). It also reflects the idea that some 
of the most productive conversations in engineering ethics education are those that can transcend 
the assumptions and methods of a single discipline.

Section 1 has dealt with some foundational issues and debates in engineering ethics education, 
but here in Section 2, the term ‘foundations’ is used in a slightly different way. The curriculum for 
the education of professionals (such as engineers or teachers) is often based on several different 
‘foundational’ disciplines for the profession in question. For example, teachers start by learning 
some psychology, sociology, history, and philosophy, alongside learning the subject content they 
will teach, before seeing how to apply these in teaching that subject. Similarly, engineers learn 
physics and mathematics (and perhaps now computer science too), alongside learning the specific 
technical knowledge and practices of their engineering domain, before seeing how these all apply 
in their specific engineering discipline. In recent decades there have been moves toward more inte-
grated curriculum models such as problem-based learning or the ‘Conceive, Design, Implement, 
Operate’ (CDIO) syllabus, designed to help students learn these theoretical foundations alongside 
learning to apply them in practice. However, even in such models, there remains an implicit sense 
that the foundational disciplines must be learned to become a professional (PBL and CDIO cur-
riculum models are explored in Chapter 21).

In this section, we try to map out the ‘foundational’ disciplines for the interdisciplinary pro-
fessional practice that is engineering ethics education. As we noted in the handbook’s introduc-
tion, this implies understanding different subjects, learners and learning, and teaching methods. 
Reflecting the subjects underpinning how engineering ethics is taught in different places, these 
foundations certainly include philosophy, sociology, critical theory, organizational studies and law. 
Since our focus involves understanding teaching and learning as well as understanding ethics con-
tent, moral and social psychology also has a significant contribution to make (alongside sociology 
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and philosophy, which also have important contributions to make to understanding the educational 
process). And, since we are exploring how ethics is taught in engineering programs, engineering 
design is, itself, a foundational discipline that needs to be understood to effectively teach engineer-
ing ethics.

To call these disciplines ‘foundations’ is perhaps misleading because engineering ethics educa-
tion is not a stable structure that rests on a solid and unchanging base (like a building’s founda-
tion). These ‘foundational’ disciplines are constantly changing, and these shifts in the foundations 
change the face of engineering ethics education itself. When van de Poel and Royakkers (2011) 
wrote the introduction to their engineering ethics textbook, for example, they noted that their text 
included many ideas that would be less familiar from older texts: a focus on engineering design, 
sustainability, and the social nature of engineers’ work. When recently writing a new edition, 
they again found new dimensions to include, because engineering ethics education has not ceased 
to develop. Any account of the disciplinary foundations of engineering ethics must also address 
where it is going and where it is and has been. In the chapters that follow, several ideas emerge as 
common themes.

Positionality

In common with the chapters across this handbook, making explicit our positionality as editors is 
useful. Doing so can help readers assess how each editor’s positionality impacts the decisions that 
helped shape their respective sections of the handbook. The editor of this section, Roland Tormey, 
is a sociologist and a learning scientist who taught for a decade and a half in teacher education 
before switching focus to engineering education. It is important to him, therefore, that this section 
does not just explore ideas but also asks how they impact on how we teach and what we teach. 
Roland’s research work has often been at the intersection between sociology and psychology, and 
this has certainly influenced the focus on interdisciplinary perspectives in this section. He has 
worked closely with colleagues in several African countries (notably Rwanda and Uganda), and 
much of his research work has focused on diversity, equity, and inclusion issues in education; this 
is certainly reflected in the focus on colonization, power, and exclusion which runs throughout the 
chapters in this section. Finally, much of his research over the past decade and a half has been on 
emotion in teaching and learning, including in the learning of engineering ethics. This, too, has 
certainly colored the choices which gave rise to this section.

Chapter topics

In Chapter 8, ‘Engineering Ethics Education through a Critical View: Some Philosophical 
Foundations,’ Cristiano Cordeiro Cruz, Aline Medeiros Ramos, and Jie Gao begin by questioning 
the way in which engineering ethics is traditionally framed by exploring the relationship between 
secular ethics and religious thinking. In doing so, they raise questions about the way in which 
the mythology that Western ethics creates for itself (as secular, rational, and developed) serves a 
colonial agenda. They introduce seven distinct ethical systems, with a particular focus on three 
non-Western paradigms: South American Buen Vivir, African Ubuntu, and Asian Confucianism. In 
doing so, they raise questions about how hegemonic Western ethical theories (consequentialism, 
deontology, virtue ethics) frame questions of connectedness, power, and liberation in particular 
ways, and how these things can be seen differently.

Robert Braun, John Kleba, and Richard Randell pick up on these themes in Chapter 9, 
‘Sociological, Postcolonial, and Critical Theory Foundations of Engineering Ethics Education.’ 
Building on the work of Mitcham, they note that engineers shape the world but do so in ways 
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that are built on what feels like ‘common sense’ but are rather an unquestioned and taken-for-
granted set of practices, ethics, ontologies, epistemologies, and political philosophies. They note 
that “Ontologies – at least in the Global North, with its universalist and hegemonic ambitions 
to explain how the world ostensibly actually is – are normative, they aim to determine what is 
real and what is not.” Recognizing this leads to questioning the ways in which material objects 
and systems become hegemonic (Western) signifiers in technoscientific modernity. Critical theory, 
postcolonial theory, and Science and Technology Studies (STS) are all presented as being lenses 
that can help us to reflect on ways in which power asymmetries are engineered into everyday life 
and as providing insights through which alternative worlds can be imagined.

Inês Direito, Curwyn Mapaling, and Julianna Gesun in Chapter 10, ‘Psychological Foundations 
of Engineering Ethics Education,’ shift the gaze from the external social world to the internal 
mental world of the ethical engineer as decision-maker. Just as Chapter 8 identifies the hegem-
onic power of Western normative theories, this chapter explores the parallel hegemonic power 
of the Kohlbergian tradition in psychological research focused on understanding and measuring 
moral reasoning. Alongside this, the authors identify alternative important research traditions such 
as those focused on empathy and care, on moral intuitions and, more recently, on positive psy-
chology. They call for an increased focus on students’ thriving through an integration of positive 
psychology approaches to thinking about engineering ethics education. This chapter connects to 
work on emotion and reason in Section 1 (Chapter 4) as well as raising issues about how and what 
we measure when assessing the impact of engineering ethics education, topics that re-emerge in 
Section 6.

As with previous chapters in this section, Chapter 11, ‘Organizational Studies and Engineering 
Ethics Education,’ by Silvia Bruzzone and Silvia Gherardi, shifts the focus from describing eth-
ics as being something an individual does to describing ethics as something that emerges in the 
situated practice of being an engineer. Rather than ethics involving one person being responsible 
for making the right decision, the authors frame ethical questions as involving multiple actors in 
different roles, each of whom potentially understands what is happening in different ways and who 
together engage in discursive practices to negotiate understandings of a situation. Since ethics is 
always situated, they argue, learning from situated cases and stories “would allow engineering 
students to immerse themselves in professional practices and situations in which the complexity of 
‘everyday dilemmas’ requires them to think about situations, thus training their capacity of respon-
siveness.” They illustrate this with three cases that tease out what the concepts of situated doings, 
collective knowing, sociomateriality, and response-ability can mean when applied to engineering 
ethics education. The focus on situatedness and perspective taking resonates, for example in later 
chapters in Section 3 on ethics pedagogies, notably the chapters on case studies (Chapter 20) and 
service learning (Chapter 23).

In Chapter 12, ‘Ethics and Engineering Design Foundations,’ Diana Bairaktarova, Natalie 
Wint, and Mauryn C. Nweke also engage in themes that have resonated throughout this section, 
exploring the inherently social nature of the engineering design process. They explore the ways 
in which the engineering design process is traditionally described, identifying how ethical con-
siderations enter into each stage of this process. They consider how a range of approaches, such 
as empathic design, value-sensitive design, and human-centered design, work to make visible the 
(often hidden) social nature of the process (an idea picked up again in Chapter 20). Linking to 
themes explored in Chapter 9, they also identify how STS can enrich the discourse on ethics in 
engineering design. The themes and topics raised in this chapter resonate throughout both Section 
4 (exploring ethics pedagogies) and Section 3 (exploring how ethics can be integrated in different 
engineering disciplines).
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Chapter 13, ‘Law in Engineering Ethics Education: An Exploration,’ by Andreas Kotsios, 
Thomas Taro Lennerfors, and Mikael Laaksoharju, in common with other chapters in this sec-
tion, begins by questioning some of the taken-for-granted assumptions that are part of everyday 
discourse on ethics – in this case, the relationship between what is ethical and what is legal. They 
note that while the ethical and the legal are often framed as being in opposition (as evidenced by 
debates as to whether engineers should be learning more about ethics or law), an exploration of the 
relationships and tensions between the two frameworks provides an opportunity for thinking about 
right, wrong, responsibility, the role of prior understanding of consequences in decision-making, 
and the ways in which arguments are formulated and supported in relation to a decision. This harks 
back to ideas that appear in Chapter 1 of this handbook. These questions are explored through a 
number of different case studies of integrating law and ethics in engineering ethics.

Chapter topics, trends, and implications

In these chapters, several ideas emerge as common themes. The question “Whose Reality Counts?” 
was posed by Robert Chambers (1997) in the title of a book that assessed how postcolonial power 
relations shaped what was held to be ‘real’ and how this, in turn, meant Western technological 
expertise typically ignored the indigenous knowledge of communities in the Global South. This 
often resulted in ‘solutions’ that didn’t work, a waste of resources, and negative impacts for the 
communities affected. The question of how social power affects what is deemed ‘knowledge’ is one 
that reoccurs throughout these chapters. In Chapter 11, ‘Organizational Studies and Engineering 
Ethics Education,’ Silvia Bruzzone and Silvia Gherardi ask how contemporary organizational 
studies provide conceptual tools to comprehend, for example, how ‘fire risk’ is understood, by 
whom it is understood, and what consequences result from how fire safety technologies are devel-
oped and deployed.

Noting that engineers are tacit sociologists in that their work is predicated on (often implicit) 
theories regarding the nature of social life, Robert Braun, John Kleba, and Richard Randell explore 
how technologies are built upon and embed taken-for-granted notions about social relationships as 
well as relationships with the natural world in Chapter 9, ‘Sociological, Postcolonial, and Critical 
Theory Foundations of Engineering Ethics Education.’ The authors discuss a range of concepts for 
making sense of these relationships, including sociotechnical systems, socio-materiality, lyseol-
ogy, and ontopolitical power, to name a few.

In Chapter 8, ‘Engineering Ethics Education through a Critical View: Some Philosophical 
Foundations,’ Cristiano Cordeiro Cruz, Aline Medeiros Ramos, and Jie Gao turn the question on 
the discipline of philosophy itself, asking how the assumptions of individualist technoscience are 
supported by the exclusion or marginalization within engineering ethics of normative ethical theo-
ries other than the ‘big three’ normative frameworks of White, European men: consequentialism, 
deontology, and virtue. They explore how including a broader set of normative perspectives allows 
us to rethink the basis of engineering ethics. Inês Direito, Curwyn Mapaling, and Julianna Gesun 
(Chapter 10) similarly question how particular voices – in their case, a ‘feminine voice’ – have 
been heard or silenced in moral psychology, while Diana Bairaktarova, Natalie Wint, and Mauryn 
C. Nweke (Chapter 12) bring the question to the heart of engineering practice and ask how users – 
or even ‘humans’ – are ‘centered’ or ‘de-centered’ in the design process. Andreas Kotsios, Thomas 
Taro Lennerfors, and Mikael Laaksoharju (Chapter 13) explore the diverse ways in which different 
positions can be juxtaposed or reconciled in both law and in ethics, noting that the rules for coming 
to a decision and taking responsibility are different in both, and that each reproduces – in different 
ways – established power relations.
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A second theme that cuts across all chapters in this section is the decentering of the individual 
engineer in ethics education. While it has been common for engineering ethics education to pri-
oritize micro-ethical questions (Lönngren, 2021; Polmear et al., 2019; Swan et al., 2019), these 
chapters locate engineers and engineering in a network of relationships with the social and natural 
world which requires thinking about engineering ethics in context (which is to say, in the lived 
reality of specific issues in particular places and times), rather than as the sovereign authors of 
individual ethical decisions. This is evident in Chapter 8, which directs our attention to relational 
normative theories like the ethics of care, Buen Vivir, Ubuntu, and Confucianism (picking up 
themes first raised in Section 1). It is also evident in the prominence Direito, Mapaling, and Gesun 
give to ethics of care in Chapter 10, ‘Psychological Foundations of Engineering Ethics Education,’ 
including moral psychology foundations.

Chapters 9 (by Braun, Kelba, and Randall), 11 (by Bruzzone and Gherardi), and 13 (by Kotsios, 
Lennerfors, and Laaksoharju) all focus on social practices in which individuals do not make deci-
sions alone but in which power is shaped, negotiated, and obscured in the relations between a range 
of actors, including engineers, farmers, scientists, managers, accountants, politicians, regulatory 
and policy departments, research centers, legislators, lawyers, advertisers, and others. This power 
shapes and is shaped by the framing of what decisions are possible and what becomes taken-for-
granted and unquestioned. In this context, Chapter 11 (by Bruzzone and Gherardi) cites the organi-
zational sociologist Stewart Clegg, who defined ethics as “the social organizing of morality, the 
process by which accepted and contested models are fixed and refixed, by which morality becomes 
ingrained in the various customary ways of doing things” (Clegg et al. 2007, p. 111).

A third shift evident across these chapters is from purely cognitive and rationalist accounts of 
ethics to accounts that view ethics in a more ‘whole person’ way. This builds on ideas exploring 
‘intuitive’ and ‘reflective’ ethical decision making which were raised in Section 1 and foreshad-
ows questions of intuition (thinking fast) and reflection (thinking slow) which are returned to in 
Chapter 25. As noted in the Clegg definition (cited in Chapter 11), ethics is as much about ‘cus-
tomary ways of doing’ as it is about ways of thinking. Hence Bruzzone and Gherardi propose that 
engineering ethics education must engage more proactively with “sensorial and embodied types of 
knowledge (not just cognitive knowledge).” Similarly, the focus on moral intuitionism in Chapter 
10 (Direito, Mapaling, and Gesun) directs our attention from the cognitive to the pre-cognitive, 
while the ethics of care approach – described in both the philosophical (Chapter 8) and psychologi-
cal (Chapter 10) foundations chapters – draws our attention to the role of emotional relationships 
and empathy in pro-social behavior.

This theme is further elaborated in the description of empathic design in engineering practice in 
Chapter 12, ‘Ethics and Engineering Design Foundations,’ by Bairaktarova, Wint, and Nweke. An 
underlying theme across several of these chapters is that “emotions cannot be avoided in engineer-
ing ethics … [so] teachers and researchers need to be much more deliberate in addressing emotion. 
Ignoring them will not make them go away” (Kotluk & Tormey 2023, p. 736).

Conclusions from the editor of this section

The chapters in this section have a great deal of commonality: they all start by questioning the 
common-sense or hegemonic ways in which engineering and/or engineering ethics are understood. 
In doing so, they raise questions about power, and about whose voices are heard and whose are 
excluded in debates around engineering ethics education. Concepts like empathy, postcolonial 
theory, and social practice re-emerge in multiple chapters and act as connecting threads for the 
section.
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The reader will note, however, that despite their connections, writing styles vary radically from 
chapter to chapter, reflecting the differences in writing styles and types of argumentation typical of 
different disciplines. Each authoring team has explicitly addressed their positionality to aid read-
ers in making sense of this difference in styles (just as we editors have done). Reading any of the 
chapters in this section alone will undoubtedly be fruitful. But reading multiple chapters will give 
the reader more than the sum of the parts.
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Introduction

This chapter presents some fundamental philosophical and religious ideas that serve as the back-
ground for thinking about ethics and morality. It also sketches some elements that stress how 
engineering and technology are shaped by and shape how we live individually and collectively, as 
well as how we make sense of ourselves, life, and reality as a whole. This should help our readers 
understand why studying ethics – and philosophy of engineering or technology – is important, 
especially if engineering is to be used to empower and liberate marginalized persons or communi-
ties and construct other possible social arrangements and meanings for life.

The chapter is divided into four sections and relies not only on texts that are part of the ‘canon’ 
of philosophy and the social sciences but also on less commonly read sources that we think are 
worth integrating into the engineering ethics mainstream if we want to have a forward-looking 
approach more in tune with critical perspectives.

Where are this chapter’s authors writing and thinking from? Cristiano Cruz is a Brazilian 
researcher with a background in engineering and philosophy who currently investigates emanci-
pating engineering interventions aiming at helping decolonize engineering practice and education 
as well as the philosophical reflection on technical design and technology. He is a member of the 
Brazilian network of popular/grassroots engineering – teaching, and doing research and extension, 
at two Brazilian engineering schools. Aline Medeiros Ramos, a Brazilian philosopher based in 
Canada, specializes in medieval philosophy and ethics She has a background in classics, and she 
teaches courses on the history of philosophy and professional ethics, especially to engineering and 
medical students. Jie Gao is a doctoral candidate based in Switzerland. With a background in phi-
losophy of mind and social sciences, she is now conducting interdisciplinary research in learning 
science, specifically within the context of sustainability education, on sense-making and emotional 
development. In addition to her research, Jie actively contributes to teaching and research in the 
Humanities education of engineers at her university.

Cristiano Cordeiro Cruz, Aline Medeiros Ramos, and Jie Gao

8
ENGINEERING ETHICS 
EDUCATION THROUGH 

A CRITICAL VIEW
Some philosophical foundations

Cristiano Cordeiro Cruz, Aline Medeiros Ramos, and Jie Gao

DOI: 10.4324/9781003464259-11
This chapter has been made available under a CC-BY-NC-ND license.

10.4324/9781003464259-11

http://dx.doi.org/10.4324/9781003464259-11


Cristiano Cordeiro Cruz, Aline Medeiros Ramos, and Jie Gao 

150

Engineering ethics through a critical view

Why is studying/discussing ethics important for engineers?

Why should engineers study or discuss ethics in general and the philosophy of technology/engi-
neering in particular? One straightforward answer is: ‘Higher education should help engineers 
become better citizens and better human beings, in addition to giving them the training they need 
to engage in their professional activities.’ Compelling as this answer is, it is not the only one, even 
if we recognize that students are usually still developing their morality at the time they enter uni-
versity (Clancy & Zhu, 2022).

Technology, society, and worldview: mutual shaping and supporting

A less common yet notable answer to the question of why engineering students should study ethics 
and philosophy of technology is that both engineering and designing or creating technology are 
crucial in

 1) Supporting or creating any ethical-political order that can be less or more hierarchical, par-
ticipatory, conservative, diverse, respectful, and so on (Feenberg, 2010, 2017), or

 2) Emulating any cosmology or worldview that, for instance, can be individualistic and take 
everyone and everything as resources or consider everything as interrelated parts of an inte-
grated whole of which one must take care (Hui, 2016, 2017; Hui & Lovink, 2017).

In other words, the reality in which we live is simultaneously social and technical (i.e., socio-
technical), meaning that not only is technology shaped by society and the interests, values, 
and/or strategies of powerful groups, but technology also, and conversely, shapes society. For 
example, bridges built low on purpose to prevent buses from using the highway below them 
(e.g., by Robert Moses in New York City, an idea translated elsewhere) emulate a racially segre-
gated reality intended in the first place by the racial prejudices of their designer (Winner, 1986). 
Even though non-accessible cities are usually not a consequence of any intended strategy, they 
still replicate a reality wherein people with a physical disability find much trouble navigat-
ing (Winner, 1986). In this case, like in many others, long-lasting socially sustained values 
and prejudices or preconceptions keep unwittingly driving designers’ choices. The reality these 
technologies help mirror and perpetuate is an oppressing one, supported by such values and 
preconceptions; an example is the construction of racist algorithms and digital technologies 
(Poster, 2019).

Further, even the basis upon which we humans make sense of society and everything else (and, 
consciously or not, take as the fundamental guiding for our living and acting in the world) – that is, 
our cosmology or worldview – shapes and is shaped by technology. As Arturo Escobar says, “Give 
me a maloca [i.e., indigenous longhouse], and I will raise a relational world (including the integral 
and interdependent relations between humans and non-humans); conversely, give me a suburban 
home, and I will raise a world of de-communalized individuals, separated from the natural world” 
(Escobar, 2018, p. 111). This understanding holds in many other cases, for instance, if ‘maloca’ is 
replaced with ‘agroecology’ and ‘suburban home’ with ‘modern, mechanized agriculture.’

That is why Hui (2016, 2017) coined the term cosmotechnics to highlight the mutual and sup-
porting relation between cosmology or worldview and technology. Hui argues that any cosmology 
needs specific technologies to be emulated (like the South American Indigenous relational and 
caring worldview needs a maloca) and that any cosmotechnic (like the mainstream one of which 
American suburban houses are one materialization) builds or emulates the cosmology it draws on 
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(like the one underpinning the American suburban houses, which takes the individual as a being 
both de-communalized and separated from the natural world).

Hui’s cosmotechnic allows us to see and/or recognize some important things. Hui helps us see 
that the dominant Western, modern, capitalist cosmotechnic, which emulates a world of natural 
and human resources to be exploited for profit maximization, is one among many other possible 
cosmotechnics. Such dominant cosmotechnic is shaped by and shapes the dominant cosmology 
that is individualistic, racist, sexist, and specist (this last term meaning that it places the highest 
value on humans that are thus taken as entitled to dispose of other species and nature as a whole as 
humans see fit). Another realization from Hui is that if we want to build different worlds – ones that 
mimic relationality, solidarity, care, and so on – we must construct other cosmotechnics (starting 
by appropriating or changing the already available one).

In sum, there is no such thing as neutral technology that can be used to advance any ethical-
political order or any cosmology. Engineering is never politically neutral; it either works within, 
reinforces, and re-creates a political/social and/or cosmological status quo, and is thus conserva-
tive, or it challenges it, and is thus progressive, empowering, emancipating,1 or decolonial)2. In 
other words, being ‘politically or cosmologically neutral’ in engineering is not a choice, for it is 
impossible. Doing engineering will always and inevitably be either sustaining or changing reality.

Progressive, empowering, emancipating, or decolonial engineering

To engage in progressive, empowering, emancipating, or decolonial engineering, to help socially 
and cosmotechnically co-construct any other possible world, requires practicing engineering dif-
ferently from the mainstream or dominant form (Cruz 2021a, 2021b; see also Chapter 6 of this 
handbook). Such a practice, and the knowledge systems that support it, can only be achieved by 
somehow considering or incorporating into engineering the ethical-political and/or cosmological 
values and fundamentals we want to see respected or served in the world we want to help build 
(Cruz, 2021a).

It thus seems correct to say that venturing into non-Western or non-dominant cosmologies and 
developing engineering practices and technical solutions that support them can allow us to work 
alongside marginalized groups and communities – which nurture or cherish such cosmologies – in 
the construction of the sociotechnical reality they want. It also means widening our capacity for 
‘doing’ engineering and for developing technology, even if we stick to our worldview, whatever 
that worldview might be (Cruz, 2021a). Yet we also stress the need to relearn and examine the 
worldviews and world histories we encounter, as a first step toward open dialogue allowing for a 
plurality of worldviews (for more on this, see Chapter 6).

There are countless ways to widen (or decolonize) Western, capitalist, dominant engineering. 
One option is using Scandinavian participatory design (Simonsen & Robertson, 2013) in its eman-
cipatory strand (Robertson & Simonsen 2013). Another, which arose in Latin America, is popular 
engineering (PE) – meant as grassroots engineering – and named after Paulo Freire’s ‘popular 
education.’ It is an educative process aimed at helping to emancipate people (Freire, 1970) that is 
taken as a guiding principle for popular engineers. PE draws on action research (Coghlan, 2021) 
and social technology’s sociotechnical adequacy (Dagnino et al., 2004) to both help the supported 
group and community dream the world(s) they might find worth building and sociotechnically or 
cosmotechnically build this (these) world(s) alongside them. As part of that process, a dialogue of 
knowledge is established between the supported group or community and the technical team. Both 
‘sides’ teach and learn, thereby enriching each other’s capacity to know, be, and act. This dialogue 
widens (or decolonizes) engineering (Cruz, 2021b).
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PE seeks to help empower/emancipate the supported group or community as much as possible. 
Empowerment through sociotechnical intervention or design has at least eight dimensions, rang-
ing from sociotechnical inclusion (e.g., giving people access to a service that improves their basic 
conditions for living well) to political emancipation (i.e., community capacity and support for 
self-determination aimed at its members’ flourishing and not harming anyone else) (Kleba & Cruz, 
2021). The more these dimensions are addressed, and the more caring and critical or questioning 
this process is, the more empowering and emancipating its outcomes (Kleba & Cruz, 2021). PE 
aims at the highest possible emancipation.

Accomplishing that level of emancipation is far from easy; it demands much more than just 
well-established methods. To practice PE, engineers need training complementary to the tradi-
tional, technocratic education they usually receive at the university. In undergraduate courses, such 
training can be obtained through socially and environmentally committed extension activities. 
That is the main form PE takes today in Brazil. Indeed, many of Brazil’s most successful PE teams 
are found in extension centers and are formed by teachers, techno-administrative employees, and 
graduate and undergraduate students (Cruz, 2021b).

Progressive engineering, ethics, and the remainder of the chapter

The remainder of this chapter reflects deeply on ethics to illustrate how diverse the human ethical 
and cosmological landscape is and can be. These sections can help denaturalize the mainstream or 
dominant ways of conceiving rightness and fulfillment and making sense of reality, allowing us 
to critically question what might seem unquestionable. This is to help the reader build skills and 
the ability to imagine other possible ways of being and flourishing. Such de/re-construction is a 
fundamental first step toward any progressive, empowering, emancipating, or decolonial engineer-
ing (or engineer).

Ethics as a tug of war between philosophical and religion traditions

Ethics and religion: a brief historical perspective

Throughout human history, religion and ethics have closely intertwined. Many ethical systems 
have been based on metaphysical conceptions of nature and human beings, aligned with specific 
religious beliefs. Although ethics education is often presented as secular (i.e., separate from reli-
gious influence and beliefs), it can be influenced by religious beliefs and prior moral experiences 
(such as powerful experiences that students have via informal learning contexts like study abroad, 
service learning, social groups, etc.).

The relationship between religion and moral philosophy has a long history. In ancient Greek 
philosophy, piety was considered a moral issue, as seen in Plato’s Euthyphro (2017). During the 
European Middle Ages, the teaching of ethics and religious doctrine was interconnected due to the 
intimate association of theology and philosophy.3 Some of what is now taught in secular ethics 
classes was taught as part of the theology curriculum at the first universities (Marenbon, 1990).

Religious creeds have had significant impact on ethical systems. Christians, Jews, and 
Muslims, for example, all rely on some form of the Divine Command Theory of meta-ethics 
(Hare, 2015). But the boundaries between religious beliefs and ethical reasoning are not always 
clear. The Euthyphro dilemma, which makes one wonder whether a certain way of acting is right 
because the gods command it or rather if the gods command it because it is right (Plato, 2017, 
Euthyphro,10a), has been taken up in secular, philosophical discussions of ethics. In the European 
Middle Ages, natural law theories added a theistic aspect to Aristotle’s theory of the four causes:4 



Engineering ethics through a critical view 

153

by referring to a belief in a god involved in the creation and workings of the universe and who 
thus influences human life and experience, these theories have claimed that natural law is not 
merely descriptive but also prescriptive, because God is the ultimate source and final cause of cre-
ation. The Decalogue, often referred to as ‘the Ten Commandments’ that form a significant part 
of the religious and moral foundation of Abrahamic religions (Exodus 20:1–17; Deuteronomy 
5:6–21), finds a parallel in deontological ethical systems such as Kant’s (Sandberg, 2013). The 
so-called ‘Golden Rule’ (i.e., ‘treat others as you would like to be treated’) found in many reli-
gious traditions across the globe, for instance, finds parallels in many philosophical moral sys-
tems (Blackburn, 2001, p. 101) and even in evolutionary psychology (Hare, 2015, 2019; Greene, 
2013). Numerous philosophical theories have emerged from contemplation of religion and doc-
trine, and conversely, religious and doctrinal thought has also been influenced by philosophy 
(Hare, 2019).

However, not all ethical theorists ground their systems in religious claims. Some make a point 
of distancing themselves from religious beliefs, declaring that they rely on reason alone. This is 
often the case with consequentialist theories. Jeremy Bentham criticized religion and its institu-
tions (Bentham, 1818/2011, 1822, 1823/2013). John Stuart Mill proposed a moral theory that 
was not grounded in religious beliefs, advocating a purely scientific or philosophical approach, a 
“religion of humanity” (Mill, 1874/1974, pp. 69–124).

Ethics: a current perspective

Ethics, also called moral philosophy, is nowadays taken to be the philosophical discipline con-
cerned with distinguishing between right and wrong or good and bad, regardless of religious 
beliefs. It encompasses the study of moral systems, beliefs, and practices. It requires higher-level 
thinking to engage in reflection, critical thinking, argument building, justification, and application 
of moral beliefs, ideas, and systems (Kaurin, 2018). Ethics is not reducible to personal opinions or 
preferences, and is often understood as a normative discipline that deals with the obligations indi-
viduals have towards themselves and others, including future generations, non-human animals, 
living beings, supernatural entities, and ancestors’ souls. Ethical discussions often include provid-
ing reasons for our choices and considering “what it means to be a conscientious moral agent” 
(Rachels & Rachels, 2018, p. 13).

While scholars in fields such as biology, economics, and cognitive science have tried to 
describe and explain morality, the capacity for a moral sense in humans is believed to have arisen 
through an interplay of biology and culture. Although foundational ethical beliefs, such as the 
proscription of the murder of innocent persons, have remained constant and consistent throughout 
human history, how ethical standards are interpreted and applied can differ over time and across 
geographical contexts, and may be influenced by religious views and cultural variables, such 
as history, institutional regulations, and social ecologies. Every ethical system is based on and 
reflects a particular cosmology or worldview, which includes beliefs about human nature, the 
ontological and moral status of other beings, and the essence of reality. As noted earlier in this 
chapter, some people may view reality as solely material and mechanistic, while others view it as 
an interconnected web of living entities or a sacred whole. These assumptions can lead to differ-
ent attitudes toward the natural world. Some may see themselves as exceptional beings, superior 
to other species and entitled to dominate and exploit nature for their own benefit. Other people 
may view themselves as part of a tightly interrelated and interdependent reality, responsible for 
its well-fbeing, and possessing a nature that is not fundamentally different from that of other liv-
ing beings.
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The relationship between ethics and religion has been briefly discussed above, and the remain-
der of this chapter will focus on ‘properly’ philosophical ethics, independent of religion, unless 
otherwise stated.

Engineering ethics: then and now

As a philosophical inquiry, ethics is nowadays divided into three main fields: (1) meta-ethics, 
which deals with the nature and meaning of ethical terms such as ‘the good,’ ‘rights,’ and ‘obliga-
tions’; (2) normative ethics, which prescribes norms upon which ethical action ought to be based; 
and (3) applied ethics, which involves the application of moral philosophy, often of a normative 
nature, to practical issues. The latter is where engineering ethics often finds itself.

Historically, ethics, or moral philosophy, was less compartmentalized than it is today. In 
Classical Greek philosophy and its Latin medieval development, ethics was concerned with all 
questions regarding morality and the virtues. Take the case of craft (τέχνη or tékhnē – whence we 
get terms such as ‘technique’ and ‘technology,’ so important in engineering), known to ancient 
and medieval people in the Aristotelian tradition as the intellectual virtue of production (1934, 
Nicomachean Ethics VI.5 1140a et passim). Unlike the other intellectual virtues (namely, pru-
dence, understanding, knowledge, and wisdom), which are concerned with the ability to reason 
and make correct decisions, tékhnē involves a practical dimension in the sense that it is the abil-
ity to produce something according to a pre-established set of rules and which is in accordance 
with a pre-established goal (1934, Nicomachean Ethics VI.5). Aristotle’s distinction between 
craft and the other intellectual virtues is relevant to engineering ethics in that it highlights the 
unique ethical challenges posed by the production of technology. While the other four intellec-
tual virtues are concerned either with the individual’s theoretical intellect or with guiding moral 
choice, tékhnē involves the creation of artifacts that can have a significant impact on society and 
the environment. Just as there is virtue in producing conclusions from premises, there is virtue 
in producing something out of something else (like a statue out of a piece of marble, or a build-
ing from stones or bricks). An important caveat, however, is that Aristotle and the tradition that 
followed did acknowledge that it was possible for someone to be good with regards to this kind 
of production – that is, to have the virtue of craft – without necessarily being wise or being good 
absolutely (1934, Nicomachean Ethics VI.5 1140b; Medeiros Ramos, 2021). This raises impor-
tant questions about the responsibilities of engineers and their obligations to consider the broader 
ethical consequences of their work, not simply the aptness or ‘fit’ of what they produce or design. 
Aristotle’s argument that one can be skilled in craft without being wise or good absolutely under-
scores the importance of developing a comprehensive understanding of the ethical dimensions 
of technology beyond mere technical expertise and the need for investing in engineering ethics 
education.

Moreover, nowadays, we tend to look for sources beyond the ‘Western canon’ to inform our 
practices. Philosophical foundations from various parts of the world offer a diverse tapestry of eth-
ical frameworks. In Asia and parts of the Middle East, sociotechnical systems and practices have 
evolved in contexts where philosophical and religious traditions such as Confucianism, Buddhism, 
Taoism, Hinduism, and Islam have been dominant. While the mutual shaping between these tradi-
tions and technological developments may not always be evident, understanding these traditions 
can offer insights into the rich cultural, ethical, and societal milieu in which sociotechnical systems 
and practices operate. The same is true for South American and African traditions, as discussed 
below.
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Ethical systems and their presuppositions

Western and non-Western

As we have seen in the previous section and as some philosophers have noted more thoroughly, 
ethics and religious traditions share many foundational beliefs (Hare, 2019). In this section, we 
will explore some commonalities shared by some religious doctrines – both Western and ‘non-
Western’ – and philosophical moral theories.

Western and the so-called ‘non-Western’ ethical traditions are rich and diverse, reflecting the 
historical, cultural, and philosophical influences that have shaped them. While there are some 
differences between these traditions, it is important to recognize that some ethical values and 
principles (such as compassion, justice, and respect for human dignity) can be seen as somewhat 
universal and can be found across most – if not all – cultures and societies.

Western ethical traditions have been influenced by various philosophical and religious per-
spectives, such as ancient Greek and Roman philosophy, Christian theology, and Enlightenment 
rationalism. These traditions have emphasized the importance of individual autonomy, reason, and 
human rights, among other values. In the contemporary Western context, secularism and liberal-
ism have also played key roles in shaping ethical values and principles, to the point where we can 
no longer “look to Aristotle for any elucidation of the modern way of talking about ‘moral’ good-
ness, obligation, etc.” (Anscombe, 1958, p. 2).

‘Non-Western’ ethical traditions, on the other hand, have been influenced by various philo-
sophical and religious perspectives, including Confucianism, Buddhism, Taoism, Hinduism, and 
Islam. These traditions often emphasize communal and collective values, such as harmony, social 
order, and respect for authority. Like Western moral philosophy, ‘non-Western’ ethical traditions 
are also often closely tied to religious practices and beliefs. Confucianism, Taoism, and Buddhism 
are often regarded as the fundamental pillars that underpinned the social fabric of ancient Chinese 
society. Elements from these traditions can be seen as intertwined; for centuries they have co-
existed and interacted. Individuals may exhibit reverence and adherence towards all three tradi-
tions simultaneously. As philosophies and religions, they had an impact not just on matters of 
spirituality, but also on domains such as governance, science, arts, and social structure. In recent 
academic discourse, the cultural and social traditions of East Asian societies, communities, and 
individuals are sometimes represented under the concept of the ‘Global East,’ a concept that moves 
beyond mere geographical boundaries and Euro-centric or North-Atlantic-centric understandings 
to encapsulate the essence of East Asian thought, its diaspora, and its interactions with the Global 
Community (Yang, 2018).

There is a common misconception that Western ethical traditions are philosophical and secular, 
while ‘non-Western’ traditions are primarily religious and thus second-rate. This misleading and 
oversimplified view ignores the rich and complex ethical traditions of ‘non-Western’ cultures. This 
view ignores that non-European cultures have also developed complex philosophical and ethical 
systems and that both traditions have been shaped by their respective religious and philosophical 
contexts. For instance, Western ethical thought, as we have seen, has been deeply influenced by 
the works of philosophers such as Aristotle, Kant, Bentham, and Mill, often nourished by or read 
through religious lenses. In contrast, so-called ‘non-Western’ ethical traditions, such as Buen Vivir 
and Ubuntu, as we shall see below, have their own philosophical and religious sources.

Another prevailing misconception, and the reason why we have used ‘scare quotes’ to talk 
about ‘non-Western’ ethics, is that non-European ethics is homogenous. Non-European cultures 
are often viewed as monolithic and lacking diversity, leading to oversimplified generalizations, 
while there actually exists a wide range of ethical traditions across different non-European cul-
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tures, each with its own unique characteristics and philosophical influences. Grouping them under 
the generic ‘non-Western’ label grossly reduces their richness and diversity to a generic form of 
dissension.

Antithetically, some wrongly see European ethics as universally applicable, while non-Euro-
pean ethics is seen as culturally specific or limited. However, both are shaped by cultural, histori-
cal, and philosophical factors and cannot be generalized without understanding their context. On 
another misinterpretation, non-European ethics is viewed as ‘primitive’ or outdated, suggesting 
that non-European cultures are less developed. However, non-European cultures have complex, 
relevant ethical systems and supporting worldviews on par with European ones.

Seven ethical traditions

Neither European nor non-European ethical traditions are static; rather they evolve and change 
over time in response to new social, political, and philosophical contexts. We will now examine 
some Western and ‘non-Western’ ethical traditions side by side, considering some of their religious 
or cosmological assumptions. Virtue ethics, deontology, and consequentialism are presented in 
some more detail in Chapter 2 in this handbook. Since Buen Vivir, Ubuntu, and Confucianism are 
typically less familiar to Western readers, we will allocate space here to these three ‘non-Western’ 
traditions.

Virtue ethics can be traced back to Ancient Greece, specifically to Aristotle’s inquiry in the 
Nicomachean Ethics about what virtues, or traits of character and intellect, make a person good. 
Aristotle draws on the classical Greek worldview according to which the fulfillment of whatever 
exists – human beings included – has to do with its fitting into its natural place or realizing its 
natural telos (i.e., the ultimate end or purpose towards which something is directed or aimed), with 
the human telos being flourishing or eudaimonia (εὐδαιμονία).

Virtue ethics is not a normative ethical theory per se, for it does not establish a norm that ought 
to be followed in our deliberation regarding actions. Instead of focusing on actions, virtue ethics 
focuses on the development and improvement of character through considering our motivations 
and reasons for acting, as well as our intended goals (Hursthouse & Pettigrove, 2023). Virtue eth-
ics continued to be the standard moral theory in Europe through the Middle Ages, when it was 
made to accommodate the context of Divine Command Theory and the so-called ‘law conception 
of ethics’ (Anscombe, 1958). It was also in the Middle Ages that the theological virtues of charity, 
faith, and hope5 were added to Aristotle’s scheme of moral and intellectual virtues. Virtue ethics 
became less popular after the Renaissance (Grönum, 2015) and, from the seventeenth century on, 
ethics became more concerned with properly normative theories, such as deontology and conse-
quentialism, which are action focused. Since the mid-twentieth century, however, a revival of vir-
tue ethics has been underway, propelled mainly by Catholic philosophers like Elizabeth Anscombe 
(especially her 1958 article, “Modern moral philosophy,” which was germinal to this revival) 
and Alasdair MacIntyre.6 These twentieth-century contributions have sparked ongoing debate 
and brought virtue ethics back on the map as a theory worth considering in contemporary reflec-
tions, regardless of religious beliefs. Proponents of virtue ethics like Philippa Foot and Rosalind 
Hursthouse, for instance, came to virtue ethics from outside the framework of Catholicism, and 
their ideas are now ubiquitously taught in ethics classes (see, e.g., Foot, 1978; Hursthouse, 1999, 
2007).

Deontology can also seem to share some common ground with religious beliefs (Hare, 2019). 
Since it is a duty-based ethical theory, it relies on the idea that, at least on some base level, we 
all owe each other something. The most famous proponent of deontology, Immanuel Kant, is a 
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thinker from the Enlightenment who considers reason to be the most elevated and distinguishing 
characteristic of human beings. He takes human autonomy, which derives from reason, to be a 
requirement for the fulfillment of human nature (Kant, 2019). He also takes human reason and 
autonomy to be the foundations of the universality of the moral law. Kant’s version of deontol-
ogy, famously expressed through the categorical imperative (Kant, 2019), is grounded on reason 
(or the universalization of Western, modern reason). He argued that it is a person’s reasoning 
and motives for acting that make an action morally right or wrong – and never the consequences 
of a given action. There are, however, other versions of deontology that are compatible with 
Divine Command Theories (Alexander & Moore, 2021, section 7). In those cases, it is not human 
rationality but God’s authority that establishes the covenant that binds us to ethical obligations. 
Deontological ethical theories often serve as a foundation for constructing professional codes of 
deontology or codes of conduct in various fields, including engineering. These codes outline the 
ethical duties and responsibilities that individuals within a specific profession should uphold. They 
provide a framework that articulates the inherent obligations and rules governing professional 
conduct, acting as a compass for professionals to navigate ethical challenges and ensure adherence 
to moral principles.

Consequentialism is a kind of teleological moral theory according to which the criterion for 
determining the moral value of an action lies solely on the consequences of that action (Sinnott-
Armstrong, 2023). Its famous maxim that ‘the end justifies the means’ dates back to Antiquity, but 
it is Chinese Mohism which is usually credited with being the earliest recorded form of conse-
quentialist reasoning found in a religious tradition (Fraser, 2022), with its emphasis on impartiality 
and on the production of beneficial consequences of actions. Modern Western consequentialism 
traces its origins to Bentham and Mill,7 classical utilitarians who sought to establish the basis of 
morality by calculating the positive and negative consequences of actions in order to identify the 
course of conduct that embodies the principle of utility, that is, the act that maximizes pleasure and 
minimizes pain for the greatest number of individuals. Modern Western consequentialism takes 
pleasure and pain as the fundamental drivers for human action and values each individual life 
equally. A classic example of utilitarian reasoning is seen in cost–benefit analyses (Audi, 2005). 
Such analyses are often used to tackle issues like the trolley problem, a famous thought experiment 
proposed by Foot (1978), in which an individual is faced with a moral dilemma: they must choose 
between switching a lever to divert a trolley and save five people at the cost of killing one person 
on an alternate track, or doing nothing and allowing the trolley to continue and kill the five people 
while sparing the one on the alternate track. Utilitarians would typically argue in favor of pulling 
the lever. This decision is based on the belief that sacrificing one life to save five results in a net 
gain in overall happiness, as the greater number of lives saved contributes to a more favorable 
outcome from a utilitarian perspective.

Ethics of care is a relatively new normative ethical theory but one that is fast-growing in popu-
larity. It first sprung from feminism but soon developed into a more general and comprehen-
sive account of both individual and political morality (Engster, 2007; Gilligan, 1982; Held, 1993; 
Noddings, 1984; Slote, 2007; Tronto, 1993, 2010). It is grounded on a relational understanding 
of life, either human or non-human, and on our responsibility toward people and nature around 
us. Although ethics of care is usually grouped together with virtue ethics because both are non-
principial ethical systems, care is a practice more fundamental than cultivating a virtue. It has been 
argued that without care, there will be no justice, for human development and flourishing hinge 
fundamentally on the care that those needing it receive. In contrast to the dominant Kantian and 
utilitarian ethics, which require universality and impartiality in the application of moral principles 
– and take them as achievable – ethics of care is sensitive to contextual nuances of concrete situa-
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tions, the web of relationships a person finds themselves in, and the interrelatedness of the interests 
of carers and cared-for. Emotions such as empathy, compassion, sensitivity are appreciated; they 
are relational capabilities that enable morally concerned persons. However, “we need an ethics 
of care, not just care itself,” argues Virginia Held: “The various aspects and expressions of care 
and caring relations need to be subjected to moral scrutiny and evaluated, not just observed and 
described” (Held, 2006, p. 11).

One example of non-Western ethics is Andean sumak kawsay, a Quechuan expression trans-
lated into Spanish as Buen Vivir (Good Living). With some variations, this ethics continues to be 
practiced and advanced by many Indigenous peoples in South America. Buen Vivir’s supporting 
cosmology presents and enacts reality as a deeply interconnected whole governed by four main 
principles: relationality, correspondence, complementarity, and reciprocity (Estermann 2006, pp. 
125–147). Humans are not exceptional beings detached from nature or superior to other animals. 
In fact, according to its perspectivism, other animals see themselves as humans and other animals 
as non-humans (Viveiros de Castro, 2014, chap. 2). Humans, though, have a specific role in the 
South American Indigenous world. We must act as cosmic shamans, mediating not only the con-
flicts created by our misconduct, excesses, or disturbance of natural balance but also other beings’ 
misconduct, excesses, or imbalances (Estermann, 2006, pp. 214–215; Kopenawa & Albert, 2013, 
chap. 2).

We share with other beings – for example, animals, plants, mountains, rivers – the similar spirit 
and capacity for agency (Viveiros de Castro, 2014, chap. 2). That is why these other beings can 
also act wrongly. Even though the essential paradigmatic relationship among all beings (humans 
included) is that of hunter and prey, that does not lead us into a Hobbesian war of all against all 
because there is a natural tendency toward balance or cosmic order and because breaking the natu-
ral laws or balances leads to punishment (e.g., drought, flooding, lack of prey, disease) (Kopenawa 
& Albert, 2013).

Buen Vivir is thus closer to Stoicism than to Aristotle’s virtue ethics or to Kant’s deontology. 
“The moral order as a system of reciprocal relationships corresponds to the cosmic order as a 
system of complementary and corresponding relationships. Therefore, [Buen Vivir] is not so much 
a reflection on the normativity of human behavior but on its ‘being’ within the holistic whole of 
the cosmos” (Estermann, 2006, p. 246). Then, Buen Vivir is “both teleological and deontological 
ethics: the purpose of acting ethically (telos) is the conservation of the [cosmic] order, which at the 
same time is the fulfillment of a normativity felt as a duty” (Estermann, 2006, p. 252).

Buen Vivir’s uniqueness, which makes it worth presenting in this handbook, primarily concerns 
its supporting cosmology and the distinctive way South American Indigenous peoples have lived 
for centuries and keep living when allowed to do so, compared to the hegemonic Western, capital-
ist, urban ways of life. Based on Buen Vivir’s principle to “Act in such a way that you contribute 
to the conservation and perpetuation of the cosmic order of vital relationships, avoiding disorders 
thereof” (Estermann, 2006, pp. 51–52), South American Indigenous peoples have shown how our 
ways of living can be more than only harmless to ‘nature,’ they can help it grow stronger, more 
diverse, resilient, and complex (Cunha & Almeida, 2004).

Nothing could be more appealing to us today than to (re)learn ways of living that promote 
nature instead of destroying it. Agroecology and malocas, as mentioned earlier, are but two exam-
ples of technology that help us get closer to fulfilling this ideal. They are two versions of a South 
American Indigenous cosmotechnic, drawing on and enacting or supporting the relational and 
interdependent cosmology they possess and allowing them to structure their collective and indi-
vidual lives accordingly. An engineering practice capable of producing or improving these and 
other versions of South American Indigenous cosmotechnics seems highly desirable not only 
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for the sake of working with these peoples in sociotechnical projects of their interest but also 
to increase non-Indigenous peoples’ capacity to conceive and construct, for instance, ‘nature-
improving’ sociotechnical solutions.

Crossing the Atlantic, we arrive in Africa, the homeland of Ubuntu, a unique ethics found in 
communities of virtually every Sub-Saharan country and rooted in notions of communitarianism, 
reconciliation, relationality, and interdependence (Mabele et al., 2022, p. 2). Ubuntu’s cosmology, 
like that of Buen Vivir, presents and enacts reality as a deeply interconnected and interdependent 
whole. Therefore, it makes no sense to consider an individual as an autonomous being or to take 
human beings as exceptional (or superior) and detached (or different in their nature/essence) from 
every other living being, as many Western ethics do (Mabele et al., 2022, p. 8). Unlike Buen Vivir, 
though, the central stage is not occupied by a naturally ordered cosmos and by the continuous duty 
of harmonizing unbalances (or injustices) caused by this cosmos’ constituents, that is, human and 
non-human beings. Instead, Ubuntu focuses on the community, which starts with the community 
of other human beings that a person belongs to but also encompasses the person’s ancestors and 
descendants (current and future), every other living being, and the gods (Mabele et al., 2022, p. 5; 
Ewuoso & Hall, 2019, p. 99). Humanness is not something a person possesses in themselves but 
something they accomplish through – and as – caring and life-fostering relationships with all the 
members of their (widened) community (Le Grange, 2019, p. 325; Ewuoso & Hall, 2019, p. 98).

The centrality of community does not mean the negation of oneself. Instead, taking the good 
of the (widened) community or well-being as one’s primary duty means acknowledging that one 
cannot be well if one’s community is suffering and, conversely, a community is not well if it causes 
suffering to (some of) its members. In other words, if one causes harm to the community, they 
cause harm to themselves; if one seeks good for the community, they benefit themselves (Dju & 
Muraro, 2022, p. 248; Ewuoso & Hall, 2019, p. 97). Therefore, Ubuntu does not stand for resigna-
tion concerning possible social injustices but rather for always having in mind the affirmation of 
others’ lives and humanness as part of our search for affirming our own lives and humanness (or 
the conjugation of others’ needs with the search for fulfilling one’s own needs) (Ewuoso & Hall, 
2019, p. 96; Mabele et al., 2022, p. 6). In sum, “The struggle for individual freedom, social justice 
and environmental sustainability is one struggle” (Le Grange, 2019, p. 325). For Ubuntu, “the 
morally right action is one that connects, rather than separates” (Ewuoso & Hall, 2019, p. 99). 
Thus, for some scholars, Ubuntu is a form of ethics of duty, while for others, it is a virtue ethics 
(Dreyer, 2015, p. 199; Le Grange, 2019, p. 324; Metz, 2007, p. 383).

As with Buen Vivir, Ubuntu brings forward aspects frequently forgotten in average dominant 
Western ways of life, so obsessed with individual autonomy and happiness. In the case of Ubuntu, 
core aspects have to do with the necessary commitment to a community’s well-being, the sacred-
ness of life-fostering relationships (to all living beings and to our descendants, ancestors, and 
gods), and the centrality of life and life fulfillment in our existences.

When it comes to technological development, Ubuntu was and still is taken as a paradigm 
for producing technologies attuned to, or supporting, other possible sociotechnical realities (or 
cosmotechnical orders). That is the case – or at least was at the beginning – of the free software 
Ubuntu. Many free software communities also (claim to somewhat) draw on the Ubuntu philoso-
phy and ethics, understanding that “while a single company is responsible for all enhancements in 
a program, free software is not only free but there is a community ready and willing to improve it 
and distribute these improvements” (Augusto-Vieira, 2016, p. 44). More recently, Ubuntu has also 
been taken for the enrichment of artificial intelligence (AI) governance, emphasizing processes 
of co-operation and social harmony through the inclusion of communities most affected by AI’s 
potential harms (Mhlambi, 2020).
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Transitioning from the communal ethos of Ubuntu, we now journey to East Asia, exploring 
the tradition of Confucianism (also explored briefly in Chapters 32 and 33 in this volume, on 
accreditation of engineering ethics). This ancient yet enduring philosophy offers another relational 
perspective on ethics, emphasizing the role of individuals within society and the cultivation of 
virtues that nurture both personal and societal harmony.

Confucianism is one of East Asia’s foundational ethical and philosophical systems. This tradi-
tion emphasizes a relational ontology wherein individuals exist within a dense web of duties and 
responsibilities. These duties are defined by various societal roles, whether familial, as seen in 
parent–child dynamics, or societal, as observed in friend–friend and ruler–subject interactions. 
Central to Confucian thought are virtues like Ren (仁, often translated as benevolence or human-
ity), Yi (义, righteousness or justice), Li (礼, ritual propriety), Zhi (智, wisdom), and Xin (信, 
trustworthiness). Ren is regarded as one of the highest values incorporating kindness and human-
heartedness. According to Confucius, it is achieved through “loving others” (1998, Analects 12.22) 
and “overcoming oneself and returning to ritual propriety” (1998, Analects 12.1), meaning that ren 
operates within a web of virtues, rooted in traditional familial and social networks.

Contemporary Confucian society places a strong emphasis on he (harmony). Confucian har-
mony is both a metaphysical and a moral concept. It is not about uniformity but rather about the 
co-existence of different diverse elements, about working through creative tensions and establish-
ing favorable relationships among them. In comparative philosophy, Confucian harmony has been 
discussed as a cosmic, personal, and social virtue, an ideal in relation to nature (Bell & Metz, 
2011; Li & Düring, 2022). According to one of the most comprehensive scholarly introductions to 
Confucian harmony. authored by Li Chenyang, he consists of a dynamic process of harmonization 
instead of conformity to a pre-set order (Li, 2013). The human world, composed of individuals, 
families, communities, and societies, is not naturally harmonious. In this sense, the development 
of moral character and the attainment of harmonization may coincide within the Confucian per-
son-making philosophy; a person of ren is capable of harmonizing within oneself, with others, and 
with the world.

When Confucianism is juxtaposed with Ubuntu, we see that both ethical systems clearly under-
score relational ethics. However, while Ubuntu’s spirit ‘I am because we are’ underscores intercon-
nectedness and mutual respect for one another, Confucianism delves deeper into the structure and 
dynamics of social roles and the duties arising from them. In a comparative analysis with Western 
philosophical traditions, it becomes evident that both Aristotle’s virtue ethics and Confucianism 
champion the cultivation of virtuous character and self-examination (or zixing). However, the vir-
tues which Aristotelian ethics seeks have a teleological basis: contributing to individual flourish-
ing or eudaimonia. Confucian philosophy lacks teleology in the sense of a preconceived cosmic 
design. While Aristotle endeavors to offer an account of human relationships in the context of jus-
tice and friendship, his emphasis remains on the individual (Sim, 2007). In contrast, in Confucian 
philosophy, the development of virtues is contingent upon social interactions, ritual observance, 
and the emulation of exemplars (Lai & Lai, 2023). A lifelong process of “learning to be human,” 
as neo-Confucian scholar Tu Wei-Ming puts it, occurs through the “creative tension” between our 
social context and our potential for self-transcendence (Wei-Ming, 1985, p. 15).

In the Chinese context, many academics have used historical traditions to explain a Chinese 
philosophy and ethics of engineering and technology. Li Bo-cong (2002) first brought the Dao–Qi 
relation to the forefront. Here, the Dao symbolizes the heavenly pattern and the natural laws, 
while Qi embodies the material, the tangible, and the instantiation of Dao. This dialectic hints at a 
tripartite system where science is for understanding, technology for creating, and engineering for 
application. Similarly, Pak-Hang Wong (2012) proposed reconstructing the Confucian notions of 
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Dao, harmony, and personhood, so that an alternative ethics of technology based on the Confucian 
tradition may then offer an antidote to the atomistic view of humans. Such an interpretation causes 
engineering ethics to transcend the bounds of professional ethics, as it necessitates the identifica-
tion of both harmony and discord in technology–society relations, and a closer examination of the 
nature of affected social roles and the responsibilities attached to them.

Closing remarks

As stated at the beginning, this chapter intended to provide some philosophical foundations that 
could help us – engineering teachers, researchers, and engineers – not to take the ethical-political 
and cosmological bases of the dominant engineering practices for granted but to consider them 
critically. As seen, those bases are, to a non-negligible extent, contingent, particular, local, and 
non-universalizable. What is more, not only is engineering practice (and the technology produced 
via engineering practice) shaped by the dominant ethical-political and cosmological values and 
understandings, but it also supports or emulates a reality that reinforces both aspects to the benefit 
of the powerful who profit somehow with them and to the detriment of a vast majority of disem-
powered people(s). That is why one cannot be politically or cosmologically neutral when engaged 
in engineering, for the activity and its outputs either support or confront the status quo. The only 
real choice is between being (or trying to be) conservative or progressive.

Whatever choice one makes, that choice will be free, informed, and/or justified if it is not based 
on illusions or misconceptions but on serious, supported critical reflection. With this chapter, we 
aimed to offer an opportunity for our readers to become acquainted with or go deeper into some 
well-founded, up-to-date thoughts on engineering, technology, and ethics. Hopefully, such reflec-
tions can help you be better positioned to choose how you will practice, teach, or do research 
on engineering in a more informed way – or in better accordance with your worldview, political 
perspective, ideals, and so on.

Throughout the chapter, even though we acknowledged systemic forms of power (like capitalist 
structures and religious actors and institutions) that force the world (and engineering with it) to be 
one way or another, much emphasis was given to individual and local disruption (like progressive 
engineering and popular engineering) as though they could be achieved without any constraint, as 
the result of a mere acknowledgment of how reality is. That is deceiving. There are no individual 
superheroes capable of overcoming oppression, of freeing or emancipating any given marginal-
ized group or community. But there can be collective initiatives, even small ones, that manage to 
face these systemic forces and, if only locally and for some time, succeed. Even when they do not 
last much longer, their success is (or can be) a powerful reminder that other worlds, with these 
other forms of engineering they demand, still are – as they have always been – possible.

Notes
1 Empowerment can be defined as the “multi-dimensional social process that helps people gain control 

over their own lives” by fostering power in people and groups/communities to operate the changes they 
may want in their own lives, territories, and society (Page & Czuba, 1999). Empowerment is liberative 
or emancipatory whenever it allows individuals and groups to improve their lives – i.e., “being more 
fully human” (Freire, 1970, chaps. 1–2) – and/or fight for their rights or for building other possible social 
realities and/or ways of living, without dwarfing other people’s and groups’ rights or legitimate search for 
self-determination.

2 ‘Decolonial’ and ‘emancipating’ can reasonably be taken as synonyms. For more on Decolonial Theory, 
see Chapter 9 of this handbook.
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3 At that time, philosophers from different traditions considered philosophy to be subordinate to theol-
ogy. Al-Ghazâlî, writing in the philosophical tradition of the Islamic world, upheld such a belief, as did 
Bonaventure, a Franciscan friar and professor at the University of Paris. But not all philosophers in the 
Middle Ages held the same view. An obvious counterexample is Ibn-Rushd’s retort to Al-Ghazâlî (de 
Libera, 2019).

4 In short, Aristotle’s theory explains that everything has four fundamental aspects (called ‘causes,’ αἴτῐᾰ): 
material cause (what a thing is made of), formal cause (what it is, its structure or form), efficient cause 
(what caused it to be or where its change comes from), and final cause (what its good, purpose or goal is) 
(Falcon, 2023).

5 In reference to Paul of Tarsus’ letters, such as 1 Thess, 1:3, 1 Thess. 5:8, and 1 Cor. 13.
6 See, e.g., MacIntyre’s (1981/2013) renowned book After Virtue.
7 Although Bentham and Mill used somewhat different criteria in their calculations, both of their approaches 

remain influential in contemporary ethical theory.
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Introduction

Traditionally, engineering ethics has been viewed as belonging exclusively to the domain of phi-
losophy. In this chapter, it is argued that engineering ethics has much that can be learned from 
sociological approaches. This is especially important as all engineers are also tacit sociologists; 
they form an opinion about the social world in which they dwell, socialize, and work – and into 
which they imagine their engineered artifacts will be deployed. A greater understanding of formal 
sociology enables engineers to contextualize their practices, understand problems, and generate 
engineering ideas in a more interdisciplinary and multi-dimensional way. Sociology also helps us 
understand how and why technology ethics (and the role of engineers) change over space (cultur-
ally) and time (historically), along with the structural changes of social systems and the history of 
ideas. Sociology gives us tools to deconstruct simplistic views when working with students, such 
as technological determinism and the belief technical design is value neutral. This chapter presents 
what we regard as the three most crucial sociological approaches and their potential contributions 
to engineering ethics education: critical theory, postcolonial theory, and Science, Technology, and 
Society (STS) studies.

Critical theory is associated with numerous intellectual traditions seeking human emancipation. 
In respect to its implications for engineering, if the potential liberating powers of technology are to 
be realized, this will only occur through human-designed social change based on a larger dialogue 
about goals and values (Mitcham & Briggle, 2009). Postcolonial studies provide a decentered, 
diasporic rewriting of earlier nation-centered imperial grand narratives of technoscientific moder-
nity. STS offers a critique of technological determinism and solutionism and their correlate deficit 
logic, and of artifacts that are assumed to be void of socio-political agential powers. All these intel-
lectual and research traditions provide resources for reflecting on and following ethical pathways 
in engineering and engineering education.

This chapter suggests ways to conceptualize the ‘self-knowledge’ of engineers, focusing on 
the social, political, epistemological, and ontological aspects of common sense and the frequently 
unarticulated, taken-for-granted social practices and ethics of engineering (Mitcham, 2014). At the 
same time, we ask whether other worlds, ways of life, social imaginaries, and material practices 
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Sociological foundations 

are possible, and how such potential futures could be realized with the help of a reflective engi-
neering education and practice.

Before providing an overview of the three sociological approaches, we open the chapter with 
positionality statements and remarks on the link among ethics, engineering, and society. The two 
last sections expose paths to integrate sociological approaches in the theory and practice of engi-
neering ethics education.

Positionality

The first author, Robert Braun, was born, raised, and educated in Hungary during “socialist 
times” (the Soviet/Russian occupation of Eastern Europe, 1948–1989). He comes from an 
assimilated Jewish academic family. Coming of age in the late 1980s, he was involved in activ-
ism – fighting for the human rights of Roma people in Hungary – and also in the emerging politi-
cal movements around the opening up of local politics and the collapse of the Soviet Union. 
Robert was involved in the budding left-liberal parties that emerged; he participated in the 
democratic transition. He left for the United States in 1992 to do Ph.D. coursework and a dis-
sertation (Rutgers University) on a fellowship offered by the Soros Foundation; his academic 
carrier started at Eötvös Lorand University, Department of Jewish Studies thereafter. He later 
joined the philosophy department of Corvinus University, the leading economics and social sci-
ence university in Budapest. Parallel to his academic work, Robert remained active in politics 
and held a number of public offices and various (mostly founding) positions in technology and 
politics-oriented business enterprises. In 2015, he moved with his family to Vienna, Austria, 
where he joined the faculty of the Institute for Advanced Studies. His research moved into the 
direction of Science and Technology Studies with a focus on the ontological politics of technol-
ogy transitions and quantum social science. His specific interest is in the Anthropocene, not as 
a geological epoch but as a political meta-apparatus of world-making. He has researched and 
published extensively on one of the core apparatuses of the Anthropocene, automobility and its 
politics; his current research moves more in the direction of applying quantum theory to under-
stand accident events in automobility.

The second author, John B. Kleba, was born in Brazil during the dictatorship (1964–1984). In 
1984, he began studying Social Sciences at the Federal University of Santa Catarina, South Brazil, 
protesting for democracy among one million citizens nationwide and engaging in the ecologi-
cal movement. John’s postgraduate work was directed to the critique of ‘development.’ At that 
time, he spent one month living within and studying the Landless Workers’ Movement. Shifting 
between disputing sociological theories and clashing streams of activism, he learned that an open 
mind is essential when striving for a proactive attitude toward social change. In 1992, he moved to 
Germany earning a Ph.D. in Science and Technology Studies in Bielefeld and working in Bremen 
as a research assistant in law and society. He investigated issues such as the access and benefit-
sharing regimes (genetic engineering, conflicting worldviews, regulatory frameworks) and pollu-
tion double standards in the trans-national chemical industry. In 2005, he moved with his family 
to Brazil to work at the Aeronautics Technological Institute (ITA). His research included working 
with Indigenous Peoples, Quilombolas (slave-descendant communities) and other social move-
ments, especially related to the privatization of the commons and the clash of traditional medicinal 
versus Western knowledge systems. The invisibility of people made vulnerable and marginalized 
by colonialist structures, their ways of knowing and existing, and the multitude of critiques raised 
in the Global South have been constantly present in his reflections. At ITA, he established the 
Citizenship and Social Technologies Lab (LabCTS), which has engaged hundreds of engineering 
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students in sociotechnical interdisciplinary projects in partnership with civil society organizations 
and public schools.

A descendant of nineteenth-century European colonial settlers, the third author, Richard 
Randell, was born in Melbourne, Australia. Richard completed his school education in Adelaide, 
South Australia. His high school years coincided with the last years of Australia’s involvement 
in the Vietnam War. Out of approximately 600 students, 6 opposed the war. Participation in anti-
war demonstrations was his first contact with an alternative politics. During school vacations, he 
visited family in a small town 800 kilometers west of Adelaide. Several times a week, indigenous 
peoples visited the town by bus from two nearby mission stations administered by the Lutheran 
Church. Only as an adult did he discover that many of those visitors were refugees from British 
atomic tests that were conducted to the north, between 1956 and 1963, in Maralinga, where their 
people had lived for 65,000 years. His current research interest focuses on the Anthropocene, 
and more specifically on the various sociotechnical apparatuses with which the colonial powers 
have transformed much of the planet into a space of exception, where everything is permitted, 
and nothing is considered a crime. Maralinga is such a space of exception, created by one such 
sociotechnical apparatus that was brought into being by the work of scientists and engineers. After 
completing his BA degree at Flinders University of South Australia, he attended the University of 
Wisconsin-Madison, where he completed a Master of Science (MS) degree and a Ph.D. in sociol-
ogy. Following a long break from academia, he returned to teaching and only later to research in 
the field of mobility studies and critical automobility studies.

On ethics, engineering, and society

At least since the Enlightenment, the debate on moral principles is not only about what choices 
are morally right or wrong or which virtues we should encourage – it is also about demanding, 
justifying, negotiating, and designing new forms of social co-operation today and toward better 
futures (Cohen, 2009; Mannheim, 1985; Wright, 2010). How should this techno-ethical debate 
inform the social design in law and public policies in all current technological controversies (the 
regulation of artificial intelligence, autonomous mobility, and climate change policies, among 
others)? Justifying, negotiating, and designing new forms of social co-operation and forging or 
experiencing relations are not optional. They are built into the very fabric of the world we inhabit, 
a world that largely has been constituted through efforts that may be placed under the umbrella 
term ‘engineering.’

Like engineering, sociology is an ethical enterprise. Even producing accurate research find-
ings about social reality leads to the question of which data are to be collected, analyzed, and 
re-arranged – which also expresses ethical-political choices. For example, policies that address 
inequality require data about structural racism and gender inequality. Studying social life in all its 
varied manifestations is the goal of sociology. Therefore, sociological studies encompass ethical 
goals and activities (Lybrand & Randell, 2022). They are contributing factors to social develop-
ment even if they are themselves the symptoms and effects of social circumstances. Because they 
are working toward improvements – betterment not only of technology but also of social life as a 
whole – engineers are also compelled to establish, albeit usually implicitly, social theories about 
the social world they intend their artifacts to be written into.

Sociology and engineering are intimately interconnected, even if the connections are largely 
unacknowledged. Engineers are not only tacit sociologists, they are also tacit ethicists. They have 
specific and strong views on the social (which they perceive as lacking), and also about rights and 
wrongs of the social order (which they perceive as in need of betterment). Much of this chapter 
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may be read as a description of the tacit social theory (and lack of awareness thereof) of engineer-
ing. Whether through commission or omission, ethics is not optional, contingent, only occasion-
ally relevant. Indeed, ethics is always relevant. Not only is ethics built into material artifacts and 
their relations, but also we exist within a world where what should be done or not done is fre-
quently taken to be common sense. Yet what we take to be common sense is a common sense that 
has been constructed and disseminated by agents with their own interests. The world is neither ‘out 
there’ nor is it free of agency. The world is not a subject-independent container in which subjects 
and objects ‘interact,’ into which artifacts are engineered and deployed.

The world (or worlds) is/are constructed by the material-discursive practices of agents that cre-
ate entities and their relations and categorize them into kinds: subjects and objects, living or dead, 
agential or void of agency. Constructs such as these are mobilized and enacted by common sense, 
a specific way of seeing. To the degree such agents successfully convince us of their view of ‘com-
mon sense,’ that too is ‘engineering’ – in this case, the engineering of the social world. To develop 
and build or not to develop and build? If the former is chosen, what and how it should be done 
always raises ethical issues, as will the latter choice. What is common sense in one given time and 
space is also a way of imposing particular worldviews, social hierarchies, and forms of lives over 
others. Amongst the agencies that construct and disseminate common sense is engineering itself.

Paraphrasing an essay on poetry by Percy Bysshe Shelley (1840, p. 57), the engineering ethicist 
Carl Mitcham (2014, p. 19) described engineers as the “unacknowledged legislators of the world” 
who, “by designing and constructing new structures, processes, and products, [influence] how we 
live as much as any laws.” Engineers are not only unacknowledged legislators who regulate the 
world we inhabit and are a part of, they are also co-creators of it. Seen from the vantage point of 
the social, reflecting on engineering ethics is engaging with the co-creation of the world by science 
and its applications (Jasanoff, 2004).

Engineering is perceived by many, engineers included, to be the field par excellence to develop 
solutions to the major challenges of our time and to design and construct desirable (i.e., ‘ethically 
good’) possible futures. We may call this ‘lyseology’ – mobilizing science and knowledge produc-
tion to convince policy-makers and the general public that the present possesses some form of lack 
that should be addressed with a new technology brought to life and offered as a solution (Braun, 
2024). It is a neologism from the Greek word lysi (solution) and logos (knowledge). Lyseology is 
the use and misuse of science to suggest that it is in the future, populated by new but not yet exist-
ing engineered artifacts, that a better world is believed to lie. It is a modified version of agnotol-
ogy (Proctor, 2008) – the use and misuse of science to produce ignorance in support of corporate 
interests. (Chapter 6 discusses similar topics and may interest readers of this chapter.) Support for 
science, technology, engineering, and mathematics (STEM) education and research at the expense 
of other fields is symptomatic of this belief.

Martin Heidegger (1977, p. 4) once observed that “we are delivered over to [technology] in 
the worst possible way when we regard it as something neutral; for this conception of it, to which 
today we particularly like to do homage, makes us utterly blind to the essence of technology.” It is 
an observation that engineers would do well to reflect on, not just in the abstract but with respect 
to the moral choices and consequences that follow from each and every artifact that their work 
has contributed to realizing (Braun & Randell, 2022). Engineering is a social (material-discursive) 
practice that is embedded in what is commonly understood to be the social; it is part of the social, 
and simultaneously creates, reproduces, and sustains the social. Engineering is also embedded in 
what is generally termed as the natural, not only through, for example, biochemicals or radioactive 
materials that impact, influence, and alter life and its various forms, but also through engineering 
artifacts that impact life on Earth and the Earth’s ecosystem. Engineering, in short, is embedded in 



Sociological foundations  

169

and constitutive of the socionatural – the hybridization of reciprocal intermingling of the natural 
and the social (Arias-Maldonado, 2015). Engineering ethics asks us to be cognizant of and reflect 
on such embeddedness and embedding.

Critical theory

‘Critical theory’ has both a narrow and a broader meaning in the social sciences, humanities, and 
philosophy. In the narrow sense, the term designates the tradition associated with the Frankfurt 
School. According to the School founders, a critical theory is distinguished from ‘traditional the-
ories’ by pursuing human emancipation and liberation in all circumstances of domination and 
oppression (Horkheimer & Adorno, 1973). In its broader sense, critical theory (CT) encompasses 
a variety of approaches, often in association with social movements with a similar agenda, that 
seek to identify the dimensions of injustices, power asymmetries, and exploitation, such as gender 
studies, critical race theory, class analysis, postcolonial studies, and posthumanism (Bohman et al., 
2023). CT combines philosophy with empirical social scientific research and is aimed at critique, 
explanation, understanding, and also changing the current state of affairs. It is practical – seeking 
emancipation – in the ethical sense of the term.

This multidisciplinary field focuses on how knowledge is formed and how power underlies these 
formations. As a mode of social analysis, it is concerned with language and discourse (written texts, 
visual images, and other discursive forms) and the relationship between power and discourse. Its 
central interest is the political, and its primary assumption is that the political pervades the world 
we inhabit, not just within discourses that claim to be non-political (Esposito, 2021) but the very 
materiality of the world. Artifacts themselves, as much of the STS scholarship has demonstrated, 
are political and enact politics (Winner, 1986). Bridges, roads, airports, computers, data, and so 
forth contain both the ethics and politics of their architects and operators (Jasanoff & Kim, 2015).

One way to define and delimit critical theory is to ask what it is not – to ask what a non-critical 
theory might be. For the subject at hand, one answer might be ‘engineering.’ The point is not that 
engineers should cease being engineers and train in another field. Rather, it is the degree to which 
what they develop, research, and construct – what they ‘engineer’ – is pursued with (or without) 
reflection on how what has been or will be engineered fits into or (re)constructs an irremediably 
political world – what the possible political, social, and co-constructive consequences might be. It 
is not (just) a question of telling oneself to take ethical issues into consideration. What is required 
are intellectual tools to do so, including familiarity with the theoretical and disciplinary fields that 
are the subject of this chapter, as well as an awareness of how such tools may be acquired by reflec-
tion and education. This is why we argue that sociological, postcolonial, and critical theory foun-
dations should be part of all engineering education, under the heading of ethics or elsewhere in the 
curriculum. Discourse, a strategic apparatus of “the said as much as the unsaid” (Michel Foucault, 
1980, pp. 195–195), creates and reproduces the social as well as the material, together with its 
mechanisms of power. One of those mechanisms of power is ‘technology.’ Perhaps the most obvi-
ous technology into which are built hierarchies of power, control, and ownership is the assembly 
line, whether it be the Fordist assembly line of an automobile or smartphone factory, or the kitchen 
of a fast-food chain (Ritzer, 2021) (see also Chapter 4 on reason and emotion). Technologies tend 
to reproduce already existing social hierarchies. Reflecting on power and ideological bias – for 
example, in relation to class, race, and gender – provides a way to identify how the politics and the 
ethics of engineering are intertwined with these hierarchies. Science, technology, and innovation 
co-produce and reinforce already existing structures of social injustice, violence, and social exclu-
sion (Braun & Randell, 2022).
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Science, Technology, and Society (STS)

STS focuses on technology–society relationships and is critical of approaches that assume that 
technological development follows its own logic, independently of the social world in which it 
is embedded. Much of the STS scholarship is critical of technological determinist accounts of 
technological development. The main tenet of STS is that technology and engineering are shaped 
by a variety of social factors and forces, and vice versa. Technologies are reflexively embedded 
in and embed social practices, norms, processes, conventions, discourses, and institutions. These 
make up what is commonly seen in sociology as building blocks of the social (social change/stabil-
ity, structure/agency, cultural diversity/hegemony, etc.). This is what in STS is called technology 
being co-produced (Jasanoff, 2004) by numerous human (people) and non-human agents (norms, 
institutions, artifacts) and ‘becoming-with’ in a multi-species world (Haraway, 2008).

Innovation is understood to be embedded in a network of social institutions, forming what in 
STS is called a ‘sociotechnical system.’ It is a ‘system’ (e.g., a patterned network of relationships 
constituting a coherent, dynamic whole that exists between individuals, groups, institutions, and 
artifacts) composed of practices, organizations, and logics, which is the intertwined social context, 
composed of engineering practices and technologies. That context includes the economy, business 
strategies, government policies, everyday habitual practices, complex perceptual lifeworlds, and 
local and national cultures. If technology is rooted in the social, we must go beyond social con-
struction accounts of technology. We need to zoom out from sociotechnical systems and focus our 
attention on ‘the world,’ of which ‘the social’ (e.g., the network of human subjects) is one aspect.

STS is concerned with, and, for the most part, critical of (a) the hegemonic assumption that 
there is one single universal world and (b) the ways in which it has been discursively constructed. 
This construction has involved the conversion of matter into what is commonly referred to as 
‘nature’; the conversion of nature into what economists traditionally call ‘resources’; the transfor-
mation of the materiality of entire domains of the inorganic and the non-human into matter that 
can be possessed, transformed, and extracted; and the linking of matter and worlds to markets to 
generate growth (Escobar, 2020).

Projects to transform the sociomateriality of the world create and reproduce a modernist cap-
ture: a conversion process with a desire to solve problems. This is what we have referred to as lyse-
ology – the use and misuse of science to suggest that, in the present, the world is populated with 
problems while the future could be bettered by substituting problems with (engineered) solutions. 
This capture is manifested in the climate emergency, which will affect humans and non-humans in 
myriad ways (Escobar, 2019). From an STS perspective, the world we currently inhabit that is so 
co-constructed can provisionally be called the world of modernist technoscience. So conceptual-
ized, the following questions arise: How did this hegemonic world come into existence? What are 
its component elements? How does it sustain and reproduce itself? What are its contradictions 
and contested features? Are there other (cultural, ethical-political) worlds disputing alternative 
developments, and with which sociotechnical consequences? And, for the subject at hand, where 
do engineers and engineering fit into this? To these questions we turn in the next section.

From critical theory and STS to a critical ontology of engineering

‘Ontology’ traditionally has been understood to be a field of metaphysics, institutionally and intel-
lectually located primarily, but not exclusively, in the discipline of philosophy. This is one way of 
thinking about ontology, as a discourse grounded in metaphysics that aims to establish the properties 
and boundaries of an ostensibly independently existing reality. An alternative way of thinking about 
ontology is as a set of practices through and by which worlds are created, not by philosophers but 
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by members of society – engineers, for example – in and through their routine, mundane activities. 
Ontologies – at least in the Global North, with its universalist and hegemonic ambitions to explain 
how the world ostensibly actually is – are normative; they aim to determine what is real and what is 
not, what counts as a thing, a signified; what counts as a representation, a signifier. Mundane prac-
tices that dwell in and enact relations in the world always tacitly construct and reproduce assump-
tions regarding, and reflections on, actual and possible worlds and the kinds of entities that exist 
within that world. For the subject at hand, this is the world of technoscientific modernity, a world 
that engineering, its knowledge of and assumptions about science, as well as material practices of 
technology, is and has been instrumental in constructing, reproducing, and sustaining. If engineers, 
as Mitcham intimated, are the unacknowledged legislators and makers of not just any world but the 
world of modernist technoscience, what are the implications and socio-ethical consequences of this?

Accounting for world-making requires attending to what can be called ‘ontology work’ (Braun 
& Randell, 2023). Ontology work constitutes the mundane, everyday, professional, and lay efforts 
that are directed to the construction and reproduction of a world – an ontology. It is the work 
routinely performed by human agents engaged in the continual effort at imagining, creating, and 
sustaining objects, artifacts, infrastructures, networks, connections, and relations that populate 
our everyday world. Beyond creating the artifacts that humans have no choice but to engage with, 
humans themselves are subjectified (Michel Foucault, 2006). We also are constructed, as specific 
kinds of selves with certain beliefs, ethics, and desires, selves whose desires revolve around con-
sumption, for example.

“How and by whom,” C. B. Jensen (2021, p. 101) has asked, are “such worlds … performed, 
maintained, challenged, transformed, or destroyed”? How can this routine, everyday ontol-
ogy work be complemented with a correlate ethics? What would the source of such ethics be? 
Technoscientific modernity is a world that has been constructed and routinely sustained by shared, 
stabilized, and publicly performed visions about desirable futures. These visions are enacted 
by a myriad of human and non-human agents that form a sociotechnical ‘system’ or ‘network’ 
(Jasanoff, 2015). Ontopolitical power is shaped by and within these practices (A. Mol, 1999). It is 
exercised by those responsible for the reproduction and administration of technoscientific moder-
nity: engineers, manufacturers, (repressive) state apparatuses (Althusser, 2014) such as regulatory 
and policy departments and research centers, advertising agencies, and so forth.

Technoscientific modernity, the world we inhabit, is an example of what the Situationist writer 
Raoul Vaneigem (1983 (1967)) called a factory of collective illusion. The allusion to the world 
being a factory relates to it being constructed by desires (of consumption, of lyseology, of happi-
ness). Illusions on this account are not ideas, thoughts, or dreams that are in peoples’ heads; they 
are as real as anything in the world. It is a factory that has created a world full of stuff, not only 
physical entities but also other agential powers: deterritorialized networks and relations (culture, 
money, media, etc.); manifold hierarchies (of material inequalities, of knowledges and beliefs, of 
access); desires and wants (sexual, consumerist, colonial); subjects (disciplined, controlled indi-
viduals and groups); and so forth. What is relevant here is that all these entities acquire agency 
that impacts the world and all of us. Imaginaries are hegemonic. They are comprised not only of 
visions, images, and discourses, but also the ostensibly material and physical, technological arti-
facts such as machines, of modernity. As Paul Virilio put it in a different context, “to invent the 
train is to invent the rail accident of derailment … to invent the family automobile is to produce 
the pile-up on the highway” (Virilio, 2007, p. 10). “Derailment,” “pile-up” – what Virilio calls the 
“integral accident” – are as real as the technological artifacts that populate our world. It is a world 
captured and converted by the manifold agencies engaged in ontology work. The entity created by 
such work is what Timothy Morton has called a ‘hyperobject’ (Braun & Randell, 2021; Morton, 
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2016): objects massively distributed in time and space relative to humans, in which humans are 
trapped inside. It is the late-modern, global, capitalist world we inhabit.

It is one of the factories within what the Frankfurt School critical theorists Max Horkheimer 
and Theodor Adorno (1973) called ‘the culture industry.’ It is an industry, to extend Horkheimer 
and Adorno’s metaphor to the subject at hand, that produces ontology. That ontology, that world 
(assumed to be universal, causal, deterministic), is the everyday (Western, Eurocentric) lifeworld. 
It is comprised of dynamic and complex relations between people and stuff that are inscribed in 
artifacts and their material-semiotic networks (J. Law, 1986), which create, through a continuously 
unraveling process, the One-World-World in which we all dwell (John Law & Lien, 2018). The 
activity that goes by the name ‘engineering’ is a form of what Heidegger called human and violent 
thinging (Heidegger , 2002, p. 7), which rests on ‘rational’ thinking. Western thinging not only cre-
ates objects as individual entities, but also imaginaries (shared, stabilized, and publicly performed 
visions about desirable futures), hyperobjects (invisible objects massively distributed in time and 
space), and scapes (interconnected, globalized, and hegemonic transformations into resources).

Technoscientific modernity is a deficit ontology, wherein the present is perceived as imperfect and 
deficient (Dewandre, 2018) but rectifiable through the unending task of techno-political lyseology. 
Lyseology not only suggests solutions in the future, but inscribes lack, the missing object of techno-
scientific desire, into the present. The central assumption and conviction of modernist engineering is 
that the world possesses a lack; something is absent and needs to be added or fixed. However, what 
is lacking, usually subsumed in the concept of innovation, is defined uncritically, veiling, and erasing 
crucial dimensions of the social reality. And the idea of an amorphous ‘we’ does not account for sharp 
social differences (class, nation, culture, and rights, among others). For example, facial recognition 
using artificial intelligence can hide issues of structural racism (Raji et al., 2020).

It is in this corrected future that a better world, full of new and improved technologies, is 
believed to lie. New goods and services are assumed to improve general well-being. Challenges 
are typically reduced to and understood in terms of technical properties (e.g., improving effi-
ciency). By bringing into being new artifacts, entities, connections, and networks, engineers tacitly 
do ‘ontology work.’ However, this ontology work typically lacks the self-awareness that ‘thinking’ 
creates not only of artifacts and their relations in the world, but also ‘things,’ ‘entities,’ ‘beings,’ 
‘agencies,’ and ‘(intra)connections’ that the world is made of (Barad, 2007). Modernist techno-
science is a worldview wherein it is assumed that the future in the present can be controlled by 
humans, provided they possess adequate knowledge of mathematics, physics, biology, chemistry, 
and other (natural) sciences, and have adequate engineering skills and the means to bring that future 
into being. Such a worldview is modernist in that it creates and upholds binaries of nature/culture 
and natural/social, as well as visions of human exceptionalism, Cartesian object/subject dualism, 
and Newtonian physical determinism. A critical ontology (of engineering), based on work in the 
critical social sciences in recent decades (Latour, 2000; John Law & Lien, 2018; Annemarie Mol, 
2014; Woolgar & Lezaun, 2013), calls into question such basic modernist assumptions, especially 
in light of current controversies related to the ontological capture discussed above by the use of, 
for example, nuclear energy (Jasanoff & Kim, 2009), geoengineering (Shapiro, 2021), fracking 
(Howell et al., 2019), and autonomous mobility (Braun & Randell, 2020), to name some contem-
porary techno-ethical debates surrounding emerging technologies.

Postcolonial studies – views from the Global South

Colonialism is the historical process of European (and later, also American) violent dispossession 
and political conquest of the rest of the world. Contemporary postcolonial studies examine how 
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patterns in power/knowledge and power/violence reproduce dominance over peoples, raising 
issues of identities, narratives, and inequalities. Fanon denounces racialized subjectivities and 
the foundational violence of colonialism (Fanon, 2021). Edward Said (2019) started the post-
structuralist critique of Western epistemology by undermining the ideological belief of value-free 
knowledge, revealing that ‘knowing the subaltern’ (in the way this knowing has been histori-
cally established) is part of subjugating it. Recognizing the coloniality of a specific assemblage 
of power and knowledge as well as processes of power/violence, one manifestation of which is 
modernist technoscience and its ontology, ipso facto is to denounce how it continues to destroy 
community-based livelihoods, cultural diversity, and lifeworlds based on human–non-human co-
existence.

Western neocolonialism acts in at least three ways against other cultural worlds: disparaging, 
erasing, and making it invisible. First, it downgrades ‘inferior’ and ‘primitive’ non-modern cul-
tures, requiring of them the acceptance of a specifically Western idea of progress. That is why it is 
so crucial to build a critique of Western development (Escobar, 2015; Kleba & Reina-Rozo, 2021). 
The UN Sustainable Development Goals represent an advancement, but not enough from the point 
of view of postcolonial critiques (Hidalgo-Capitán et al., 2019). Second, Western neocolonial-
ism obliterates minorities, their languages, and their living spaces, accelerating the extinction of 
cultures and biodiversity. Finally, by making invisible and speechless the representatives of non-
Western cultures (Santos, 2011), this hegemony hinders their political articulation towards ‘other 
possible worlds’ (Castro-Gómez & Grosfoguel, 2007; Mignolo, 2018).

Today, postcolonial studies encompass numerous approaches, including milestone contribu-
tions of the Global South,1 such as the Pluriverse (Kothari et al., 2019), the Buen Vivir, and the 
epistemologies of the South (Santos, 2011). The pluriverse and Buen Vivir are polysemic concepts; 
depending on which interpretation we accept, they either converge or diverge. Pluriversality estab-
lishes a communication between theories, social movements, and social actors of the social and 
political periphery engaged in a critical intercultural dialogue (Dussel, 2012, p. 26). Rooted in the 
idea that we live in a world with plural cosmologies and worldviews, the pluriverse encompasses 
a collage of anti-systemic traditions of the global South (Buen Vivir in Latin America, Ubuntu in 
South Africa, Tazkijah in the Islamic culture, Swaraj in India, and Kongsi in China, among oth-
ers), along with intellectual movements of the Global North such as degrowth and ecofeminism 
(Kothari et al., 2019) (see also Chapter 8 on the philosophical foundations of engineering ethics 
education). Pluriversality is a critique of the project of a ‘Western’ (Euro-American, colonial, 
Cartesian, Newtonian) way of looking (Kuhn, 1962) that conceives of the world as being ‘out 
there’ – external and independent as well as anterior of human or non-human actions and percep-
tions, complete with knowable and definite, universal forms and relations of stuff that (are assumed 
to) populate it. The One-World World (OWW) of Western onto-epistemology, in which and not 
of which entities and their politics are performative (John Law, 2015; John Law & Lien, 2018), is 
occluding and suppresses potential alternative ontologies and subaltern indigenous subjects.

Buen Vivir (BV) (in Quechua Sumak Kawsay and in Aymara Suma Qamana), by contrast, has 
originated in the political struggles of indigenous peoples of the Andes region, spreading to Latin 
America. This intellectual and political movement is divided into three main political strands: (1) 
community socialism, combining local traditions with twenty-first-century socialism in govern-
mental programs (in Ecuador and Bolivia) (Garcia Linera, 2015); (2) cultural-ancestral indigenism 
(Blanco & Aguiar, 2020), which opposes the Western appropriations of BV (Hidalgo-Capitán & 
Cubillo-Guevara, 2014); and (3) the ‘pluriverse,’ as explained above, which is linked to post-
development (Beling et al., 2021; Escobar, 2015) and non-Eurocentric perspectives of knowing 
(epistemologies) (Mignolo, 2018; Reiter, 2018). Challenging misconceptions and stereotypes 
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around some understandings of BV (Walsh-Dilley, 2017, p. 515) and the pluriverse has provided a 
powerful tool for counter-hegemonic struggles.

Linking this debate to the field of ethics, the pluriverse and BV represent other ways to com-
prehend ‘the right’ and ‘the good,’ as well as the world(s) that they enact. Both must be considered 
in both research and sociotechnical projects. Both concepts strongly value reciprocity, communal-
ism, conviviality, and redistribution, as well as priority to the commons instead of private property 
(Chuji et al., 2019; Kothari et al., 2019). There is a strong defense of the common good and ‘build-
ing community,’ in opposition to capitalism and individualism. An additional line of the pluriverse 
critique stands for the feministic and new leftist ethics of care (Cohen, 2009; Puig de la Bellacasa, 
2017) and the rights of nature (Escobar, 2011), opposing neoliberal development, extractivism 
(Gudynas, 2009) and technocracy (Feenberg, 1999, p. 4).

There is strong empirical evidence that economic reciprocity involving joint work (mutirões) 
and non-monetary exchanges of Andean indigenous populations, such as those described by Acosta 
(2016), have an essential symbolic and ethical character for the reproduction of social ties and the 
consolidation of community identity. At the same time, the empirical realities of non-Western 
cultures are far more diverse and problematic than some postcolonial discourses tend to represent. 
So, how can engineers integrate postcolonial critique in their ways of thinking and practicing? In 
the following sections, we are going to explore this intricate question.

Towards critical engineering

How does the moral economy that engineers are a part of look and what is the role and potential 
of engineers in this process? A postcolonial and STS analysis of engineering offers us a chance to 
decenter conventional accounts of optimistic hegemonic and global technoscience. It may reveal 
and complicate durable dichotomies produced under and by colonial regimes. Dichotomies can 
help clarify general trends as analytical tools. However, they often disseminate oversimplified 
accounts blurring empirical realities that are much more hybrid, complex, and ‘messy.’ These 
binaries usually operate in terms of global/local, first-world/third-world, Western/Indigenous, 
modern/traditional, developed/underdeveloped, and so forth. Postcolonial and STS approaches 
help understand how ideas about difference – racial (white/other), temporal (modern/traditional), 
class (elite/subaltern), knowledge (science/knowledge systems) – are enacted, stabilized, and/or 
disturbed in the performance of technoscientific modernity and Western hegemonic ways of seeing 
and doing engineering.

Many of these binaries originate in a foundational, Cartesian, and Newtonian thinking that lies 
at the core of engineering – imagining the all-knowing engineering subject educated in and trained 
by elders who present a world seen from an observation deck constructed by a neo-positivist 
European scientific ethos. This thinking and thinging is political – it refers to the politics involved 
in the practices that shape the world that has come to possess a deficit, and to assigning subjects 
and objects that populate the world. Engineering in its current form is a dominantly colonialist 
project: it sees maniform terrae nullius – the surface of the Earth, sea, the mass under the surface, 
space, other planets, the body, the virtual, and so forth as belonging to no-one and open to (re)
population and appropriation by engineering artifacts and networks. A critical, STS-inspired and 
postcolonial approach to engineering and engineering ethics questions the hegemonic ambitions of 
a European deficit ontology and its accompanying technoscientific epistemology. It opens up pos-
sibilities to engage with alternative indigenous and/or scientific ontologies (like quantum theory 
inspired agential realism (Barad, 2007) or Everettian Many Worlds Interpretation (Everett, 1957, 
2012) and reflect on what such alternative ontologies – worlds – might be.
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Critical engineering in theory and practice (education)

Taking up the challenge of the Brazilian educator Paulo Freire,2 what would be the point of fostering 
critical thinking in engineering education if there is no connection between theory and practice? Is 
another way of practicing and teaching engineering, one that looks at technology as ontologically 
and ethically biased, even possible? If so, which conditions, means, and tools would be required 
for such a transformation? Most importantly, for the purposes of this handbook, what would an 
alternative engineering teaching and practice look like? This is a broad issue for which we do not 
intend to provide recipes; rather we offer a few pointers, keeping in mind that any initiative must be 
situated, adapted, and experimented in its local cultural, social, and institutional context.

The question of what could be done differently in training engineers is vital. Concerning critical 
thinking, engineering students must move “beyond deterministic models of technology and decon-
textualized models of engineering, where engineering decisions are understood to be ‘purely’ tech-
nical and without inherent social ... implications.” (Nieusma, 2011, p. 22.609.7). However, the 
deconstruction of such naïve views of engineering students often collides with cognitive bias and 
is perceived as “troublesome” (Kabo, 2010, pp. 4–5). So, in this endeavor, we may need the help 
of learning tools such as threshold theory active methodologies (Kabo et al., 2009) and action 
research (Argyris & Schön, 1989).

Considering the three core dimensions of education, the ‘know-what’ (theories, critical think-
ing, reflection) should be able to connect in meaningful ways with the dimensions of ‘know-
how’ (action, abilities, and competencies in practice) and ‘attitudes’ (ethical behavior and values) 
(Varela, 1999). In this sense, a milestone approach in engineering education is represented in the 
intellectual and political movements of ‘engaged programs’ such as Humanitarian Engineering 
(Smith et al., 2019) (see also Chapter 23 on Humanitarian Engineering), Engineering for Social 
Justice (Baillie et al., 2021; Nieusma & Riley, 2010) and Engaged and Grassroots Engineering 
(Cruz, 2021; Cruz et al., 2021).

Particularly in the university engineering formation, such ‘engaged programs’ provide us with a 
possible path to integrate critical thinking and postcolonial critique in theory and practice. Engaged 
extension programs can be implemented, including curricular and extra-curricular activities (Kleba 
& Cruz, 2020; Smith et al., 2019), encouraging students to work in sociotechnical hands-on pro-
jects with social movements, organizations of civil society, and communities (Timmermans et al., 
2020). Such projects should respond to real needs and give priority to the vulnerable and the needy 
(Schneider et al., 2009). A complete project cycle can be worked on, inspired by concepts such as 
‘design thinking’ (immersion, ideation, prototyping, testing, and implementation) (Brown & Wyatt, 
2010). In working with communities, the first step is to understand local problems and possible 
solutions from ‘the inside,’ from local singularities and local knowledge. The whole project should 
be co-constructed with the stakeholders, following participatory research in practice (Simonsen & 
Robertson, 2013; Braun et al., 2022). An interepistemic approach must be assured, in which science 
enters into dialogue with other knowledge systems, such as indigenous and small farmer knowledge 
(Fúnez-Flores, 2022). The multi-dimensional aspects of sociotechnical interventions should be con-
sidered, especially thinking about the related processes of empowerment/disempowerment (Kleba 
& Cruz, 2021). Competencies and abilities closely related to (ethical) values such as caring (ethics 
of care), empathy, and listening must be trained in practice. Otherwise, they risk being ideals with 
no connection with social change and agency.

We should also question systemic changes ‘from above’ in technology and society regarding 
what can be done differently in government and business. Advances in legislation and policies may 
allow engineers to engage in critical ethical-political agendas. Ways to move environmental and 
social corporative governance (ESG) forward may be explored. For instance, Colorado School of 
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Mines offers a minor in Corporate Social Responsibility (as part of the Humanitarian Engineering 
Faculty), striving “to work for communities’ wellbeing inside of corporate settings” in a critical 
way (Braun, 2019; Lucena & Kleine, 2021, p. 100).

Engineers working in the Third Sector at the crossroads with public policies show they can act 
as game-changers in fostering social innovation (Avelino, 2019, p. 197). Amongst a multitude of 
possible examples, ‘Techo’ works with civil engineering projects of infrastructure and participa-
tive community housing in slums in Latin America (Melo et al., 2021), and ‘AlterMundi’ promotes 
internet community networks in Argentina, at the same time politically mobilizing to steer infor-
mation technologies policies towards the public interest (Prato et al., 2021).

Our starting argument in this chapter was that engineering ethics should engage with sociological 
approaches. Engineers, we suggest, are also architects of the social: they form a professional opinion 
about the social world and shape, even create, this world by engineering its semiotic-material furni-
ture. The toolkit that sociology and its cognates – critical and postcolonial theory as well as STS stud-
ies – offer enables engineering students to think critically about artifacts, sociotechnical systems, and 
the sociotechnical imaginaries we inhabit. More importantly, by better understanding social mechan-
ics, they also apprehend that technoscience (the complex practice of creating scientific knowledge, 
technical systems, and artifacts) creates our social reality as much as the representations of these reali-
ties. With the help of sociological approaches, engineers can develop competencies to work with the 
complexity and multiplicity of the social, to critically enact alternative worlds and their appliances, to 
be aware of values and desires – including dimensions of social justice and democracy – embedded in 
technology, and to design more reasonable responses to the urgencies of the present world.

Notes
1 The Global South is understood here not geographically but drawing on the line separating the world 

citizens who enjoy high living standards and those destitute and marginalized wherever they live.
2 Freire criticizes the separation between theory and practice in Western thought and what he called ‘bank-

ing education.’ For him, action and reflection blend into ‘praxis,’ which is an essential part of the liberat-
ing dynamic from oppressive tendencies (Freire, 1970).
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Introduction

Traditionally, psychology has studied morality in three aspects: cognition, affect, and behavior 
(Narváez & Rest, 1995). The psychological foundations of ethics are rooted in theories and frame-
works of moral development, cognitive and affective processes, and socialization. Moral psychol-
ogy started as a branch of developmental psychology – which studies the influences of nature and 
nurture on humans’ physical, cognitive, and behavioral changes throughout their lifespan. Moral 
psychology extended this and focused on the development of moral reasoning. It has been driven 
by developmental questions such as ‘How does a person develop a moral sense?’ and ‘At what age 
does a person understand moral choices and consequences?’

Developmental psychology has had a profound impact on ethics education by offering insights 
into the development of moral reasoning and by creating frameworks that guide the development 
and teaching of ethical reasoning skills. In the 1980s, the field started to change its focus from 
reasoning – as the critical way to acquire and perform moral knowledge – to affect and emotion(s), 
sociocultural contexts, and automatic processes (Haidt, 2013a). In addition to the dominant ‘ethic 
of autonomy’ that characterized secular Western justice-based principles in judging morality, 
cross-cultural studies by Schweder et al. (1997) proposed two other ethics – an ‘ethic of commu-
nity,’ based on communal values and hierarchical social order; and an ‘ethic of divinity,’ based on 
concepts such as purity and holiness.

Teaching and research regarding ethics in engineering education have been shaped and informed 
predominantly by cognitive models of moral development and based on the assumption that ethi-
cal reasoning translates automatically to ethical behaviors (Bairaktarova & Woodcock, 2017). 
However, long-term ethical behaviors should be the goal of engineering ethics education (Clancy 
& Zhu, 2023). Engineering actions have a tremendous impact on society and the environment, but 
discerning what these impacts are and deciding on what it means to be ethical in certain situations 
can be highly subjective and influenced by cultural norms and values (Haidt & Joseph, 2004).

Teaching and researching ethics requires knowledge of theories focusing on human moral 
development and an understanding of how psychological frameworks have informed teaching 
and research in engineering ethics education. This chapter draws on literature in psychology to 
describe the conceptual grounding of the study of moral development, offers an overview of dif-
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ferent theoretical perspectives in psychology and how these informed methods and instruments 
are used to assess moral reasoning in engineering education, and discusses current and emerging 
issues in engineering ethics education and research.

Positionality statement

We present a combined positionality statement for this work to highlight the impact of our group 
identity, which transcended our differentiated individual identities. While writing this chapter, 
we found that our collaboration as a group of scholars took on an identity and positionality that 
was more than the sum of our individual backgrounds and expertise (Baumeister et al., 2016). 
While we all conduct research in engineering education and have backgrounds in the social sci-
ences, we each approach the research from unique perspectives given our different disciplinary 
fields (Clinical Psychology, Educational Psychology, Engineering Education). Thus, writing this 
chapter required acknowledging our shared educational research interests based on positive psy-
chological perspectives, human-centered approaches to teaching and learning, and non-cognitive 
variables (such as growth mindsets, thriving, and resilience) and value. Together, we bring more 
collective awareness of different communities of scholarship regarding these shared interests. 
Similarly, we merged cultural perspectives of working in academia, sharing personal and profes-
sional perspectives from three continents (Africa, Europe, and North America) and four countries 
(Portugal, South Africa, the United Kingdom, and the United States). Moreover, as a group of 
authors, we acknowledge that the ways and frameworks we were taught are a product of the so-
called ‘WEIRD’ societies – Western, educated, industrialized, rich, and democratic (Henrich et al., 
2010). We also acknowledge that many of the psychology theories and frameworks that founded 
and shaped the study of moral development embraced universalist conceptions of the human mind 
and behavior (for more on universalist conceptions, see Chapter 9). Furthermore, we recognize the 
significance of intellectual humility in our approach (for more on intellectual humility, see Chapter 
6). The overview of the foundational theories in moral psychology presented in this chapter, while 
extensive, is not exhaustive. We acknowledge the value of non-WEIRD perspectives, such as the 
practice of Ubuntu in humanistic psychology (Hanks, 2008, also Chapters 8 and 9), in enriching 
engineering ethics education and social responsibility (Munir, 2020). We aim to embrace these 
perspectives in theory and in practice in current and future work through collaborative work with 
scholars across different continents and cultures.

The study of moral development in psychology

In this section, we describe some of the major theoretical models and concepts of moral psychol-
ogy, explaining how they shaped and informed engineering ethics education, particularly regard-
ing the development of engineering-specific instruments to assess individual moral reasoning. 
Different theories and approaches are presented chronologically to provide a historical and con-
textual overview of this field.

Moral development and moral reasoning

Kohlberg’s theory of moral development

Developmental psychology is a branch of psychology that studies the influences of nature and 
nurture on humans’ physical, cognitive, and behavioral changes throughout their lifespan. The 
initial focus of developmental psychology was on infant and children’s cognitive development and 
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implications for education. A well-known example is Jean Piaget’s theory of cognitive develop-
ment, which identified four developmental stages (sensorimotor, pre-operations, concrete opera-
tions, and formal operations). Although Piaget explored how morality principles developed in 
children, Lawrence Kohlberg’s cognitive-developmental approach to moral education, developed 
in the 1960s and 1970s, dominated both the study of morality within developmental psychology 
for decades (Rest et al., 2000) and the shaping of educational programs to teach professional eth-
ics (Pritchard, 1999). Kohlberg’s stages of moral reasoning have been commonly used to assess 
the ethics education of undergraduate engineering students in the United States (Bairaktarova & 
Woodcock, 2017).

Kohlberg’s theory of moral development states that moral reasoning progresses through six 
hierarchical stages of value-orientation that are grouped into three broader levels: the pre-con-
ventional level, conventional level, and post-conventional level (Kohlberg, 1981). According to 
Kohlberg, most adults never reach the post-conventional level.

• At the pre-conventional (pre-moral) level, individuals are responsive to cultural rules of 
good and bad, but there is no true sense of right or wrong. Moral judgments are based on 
physical consequences (Stage 1: Punishment and obedience orientation) and rewards (Stage 
2: Instrumental relativist orientation) of obeying/disobeying authority figures.

• At the conventional level, individuals begin to internalize societal norms, rules, and conven-
tions. Moral judgments are based on conformity to the expectations of others’ families or 
groups (Stage 3: The interpersonal concordance or ‘good boy-nice girl’ orientation) and duty 
to maintain social order (Stage 4: The ‘law and order’ orientation).

• At the post-conventional (autonomous or principled) level, individuals abide by their own 
moral values and principles. Moral judgments consider the relativism of personal values 
(Stage 5: The social-contract, legalistic orientation) and the universality of abstracts and 
ethical principles (Stage 6: The universal-ethical-principle orientation).

This theory of moral development was widely tested in moral education programs in schools 
through the presentation of moral dilemmas – hypothetical situations in which moral principles con-
flict (see Kohlberg’s widely-known Heinz dilemma, 1969) – to generate debate (Blatt & Kohlberg, 
1975). Much of the discussion was left to the participants themselves, with researchers intervening 
to clarify, summarize, or present a view of their own that was a stage above that of most of the class. 
This speaks to one of Kohlberg’s key ideas as to how individual moral reasoning progresses through 
these stages, encountering viewpoints that challenge their thinking and stimulate them to formulate 
better arguments (Kohlberg, 1981). This method of inducing cognitive conflict epitomizes Piaget’s 
equilibration model, an ongoing process allowing for the balance between assimilation (the incor-
poration of new information into an already existing cognitive structure) and accommodation (the 
transformation of pre-existing cognitive structures to fit new knowledge) in an individual’s transi-
tion from one major developmental stage onwards to the next. Cognitive structures are mental 
frameworks, or schemas, that individuals use to process and organize information.

Kohlberg claimed that these stages of moral reasoning proceed in a culturally universal invari-
ant sequence (Kohlberg, 1973, p. 630), where each stage provides a progressively broader frame-
work for dealing with moral issues, being more cognitively adequate than the previous stage. 
He maintained that his model is universal due to the stages referring to the underlying modes of 
reasoning, not specific cultural beliefs. However, it is now well-documented that individuals from 
different cultures move through Kohlberg stages at disparate rates and reach different endpoints 
(Worthy et al., 2020).
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Despite these claims and limitations, Kohlberg’s work in developmental psychology was fun-
damental in demonstrating that cognition (reasoning) plays an important role in moral judgment. 
Although a primitive innate sense of morality is found in humans (Bloom, 2013), this morality is 
limited – it can change and evolve during growth and improve through education. Students’ cogni-
tive and psychosocial development continues in university or college years (Chickering & Reisser, 
1993; Perry, 1970), including their ethical reasoning.

In engineering ethics education, Magun-Jackson (2004) proposed the adoption of the model 
developed by Hersh et al. (1979), which adopted a Kohlbergian approach, to stimulate cogni-
tive conflict and perspective-taking in engineering students with the use of ethical dilemmas, 
dialogues, and role-playing. This model highlights the need to understand that different students 
might be in different developmental stages (Chickering & Reisser, 1993), might bring different 
cultural perspectives to ethical issues, and might have different verbal abilities to express and 
discuss their ethical reasoning (Clancy et al., 2022). This is particularly relevant in engineering 
education settings with international students.

Neo-Kohlbergian model of moral judgment

Following on the tradition of Kohlberg, but addressing concerns raised by other psychologists 
and philosophers, Rest et al. (2000) proposed a neo-Kohlbergian model of moral judgment and 
developed a psychometric test called the Defining Issues Test (DIT) (Rest et al., 1999a). The 
‘Kohlbergian part’ (Rest et al., 2000, p. 383) of this model comprises the following features: the 
focus of morality research is on cognition, personal experiences and understanding, and the devel-
opment of higher morality. As in Kohlberg’s approach, adulthood is characterized by the shift from 
conventional to post-conventional moral thinking. While adopting a developmental framework, 
the neo-Kohlbergian approach structures developmental changes in moral schemas, rather than 
moral stages. Schemas are cognitive structures that represent knowledge of certain concepts; they 
can guide perception and help in the interpretation of new information and in problem-solving 
(Rest et al., 2000). Moreover, moral schemas are defined as being context dependent (Thoma & 
Dong, 2014) rather than abstract universal principles, which contradicts Kohlberg’s claims of the 
universalism of moral stages. These schemas are influenced by multiple contexts, including the 
immediate environment and cultural, religious, and historical contexts.

According to Narváez and Rest (1995), four psychological processes are involved in acting mor-
ally – the Four Component Model (FCM) considers moral sensitivity, moral judgment, moral moti-
vation, and implementation. Narváez and Rest argue that each process (or component) integrates 
both cognitive and affective elements. Moral sensitivity “involves the ability to interpret the reac-
tions and feelings of others” (Bebeau, 2002, p. 283). This requires empathy and perspective-taking. 
In professional settings, it involves not only considering others’ perspectives but also knowing the 
codes and regulations of the profession – which can be described as ‘ethical sensitivity’ (Bebeau, 
2002). Moral judgment is the component most researched in psychology. It “involves deciding 
which of the possible actions is most moral” (Narváez & Rest, 1995, p. 386). This requires weigh-
ing the pros and cons of possible and anticipated routes of action. Moral motivation involves “pri-
oritizing moral values over other personal values” (Bebeau et al., 1999, p. 22). Identity development 
toward a shared code of professional expectations and values, through normative socialization, is 
essential to moral motivation and ethical orientation in professional settings (Bebeau, 2002). Moral 
implementation “presupposes that one has set goals, has self-discipline and controls impulse, and 
has strength and skill to act in accord with one’s goals” (Bebeau et al., 1999, p. 22). This component 
relates to the importance of character and agency to responsible ethical practice.
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Instruments for assessing moral reasoning

The DIT was developed as an alternative test to Kohlberg’s moral judgment interviews. Like 
these interviews, the DIT uses stories to focus the participant on a moral dilemma and elicit their 
construction of moral reasoning. However, whereas in the moral judgment interview participants 
are asked to respond to a moral dilemma, the DIT is a recognition test where participants are 
asked to rate and rank a set of statements representing features of moral dilemmas (Rest et al., 
1999b; Thoma & Dong, 2014). Most importantly, the development of the DIT in 1974 introduced 
a theoretical departure from Kohlberg’s framework. Instead of assessing stages of moral reasoning 
linearly, the neo-Kohlbergian approach organizes moral reasoning in three moral schemata: pre-
conventional (or Personal Interest Schema), conventional (or Maintaining Norms Schema), and 
post-conventional (Rest et al., 2000). The DIT is, thus, a tool for activating moral schemas and 
assessing those schemas. The DIT-2 (Rest et al., 1999b) is a refined version of the DIT and com-
prises a set of five moral dilemmas. Each dilemma is described in one paragraph and is followed 
by 12 statements representing three levels of moral reasoning schemas. Participants are asked to 
rate the moral importance of each statement on a 5-point Likert-type scale (from great importance 
to no importance) and then to rank the four statements that best describe their understanding of 
how the protagonist ought to solve the respective dilemma.

The DIT has been used to assess the effectiveness of educational interventions (Drake et al., 
2005). As a response to the call for contextual and profession-specific tools to measure moral judg-
ment (Bebeau, 2002), Borenstein et al. (2010) adapted the DIT-2 and developed the Engineering 
and Science Issues Test (ESIT). The ESIT has been used in case studies in civil engineering (Murzi 
et al., 2019) and compassion-induced engineering ethics cases (Kotluk & Tormey, 2023). Another 
instrument developed to assess individual ethical decision-making in project-based design teams 
is the Engineering Ethical Reasoning Instrument (EERI), also based on Kohlberg’s moral develop-
ment theory (Zhu et al., 2014).

Ethics of care, empathy, and pro-social behavior

Whereas most research and practice in engineering ethics education has been influenced by (neo)
Kohlbergian theories and instruments of moral judgment, the concept of care and associated 
constructs, such as empathy and social responsibility, has been increasingly explored and inte-
grated into engineering education (Strobel et al., 2011). In particular, Hess and colleagues’ work 
is focused on empathy’s role in engineering ethics education (Hess et al., 2017; Hess et al., 2021).

Ethics of care

Gilligan (2003) developed the concept of ethics of care to complement Kohlberg’s theory of moral 
development. In Govrin’s words (2014, p. 8), “Ethics of care was the first theory to challenge the 
Kohlbergian-Kantian view that moral judgment is determined by rational psychological processes. 
In moral psychology, it was the first theory to present a model of moral judgment based on emo-
tions.”

Gilligan’s work brought to the fore the ‘feminine voice,’ and the role of empathy and com-
passion, when making morality-based decisions. This voice was previously overlooked in initial 
theories of moral development that were male-oriented and focused on logic and individualism 
(Gilligan, 2003). Gilligan’s research suggested that the act of caring was an intrinsic part of moral 
development. This ethics of care “emphasizes interpersonal relationships, connectedness, and self-
awareness rather than abstract or decontextualized moral reasoning” (Hess et al., 2016, pp. 236–
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237). It is “based on the daily activity of caring rather than on abstract principles” (Pantazidou & 
Nair, 1999, p. 207).

Other scholars, such as Noddings (1984, 2013) and Tronto (1994), further developed theories 
of care. In Nodding’s care theory, the basic feature of ethics is the relationship between people, 
and the aim of moral education is preparing students to engage in caring relationships, to “care-for 
those they encounter directly and to care-about the suffering of people at a distance” (Noddings, 
2013, p. 394). Moral education can be promoted through modeling, dialogue, practice, and confir-
mation (Noddings, 2002). Unlike Gilligan and Noddings, Tronto conceptualized care as a gender-
neutral practice. She described integrity of care as a combination of four moral elements: (1) 
attentiveness (caring about), (2) responsibility (care taking), (3) competence (care giving), and (4) 
responsiveness (care receiving).

In engineering education, the work by Pantazidou and Nair (1999) described engineering and 
care as both a response to a need and an orientation towards action. These authors explored how 
Tronto’s framework was suitable for guiding teaching care and practicing care in engineering eth-
ics education and matched Tronto’s four moral elements to different phases of engineering design 
(Dieter, 1991): (1) the identification of a societal need (attentiveness of the care giver); (2) design 
conceptualization to respond to the need (responsibility of the care giver); (3) feasibility analysis 
and production (competence of the care giver); and (4) acceptance of design product (responsive-
ness of the care receiver).

For an overview of other feminist theories and engineering ethics, see Riley (2013).

Empathy and pro-social behavior

In Hoffman’s theory of pro-social moral development, empathy is core to ethical reasoning, and 
empathic perspective-taking to ethical decision-making (Hoffman, 2000). According to Hoffman’s 
research, empathy can be divided into two types: cognitive and affective empathy. Cognitive 
empathy involves understanding someone else’s perspective, while affective empathy involves 
feeling and sharing someone else’s emotions.

An empathic response requires “the involvement of psychological processes that make a 
person have feelings that are more congruent with another’s situation than with his own situa-
tion” (Hoffman, 2000, p. 30). Central to this response is empathic distress, defined as a prosocial 
motive – “one feels distressed when observing someone in actual distress” (Hoffman, 2000, p. 63). 
Empathic distress is associated with helping. It precedes helping, and individuals feel better after 
helping. However, empathic distress does not always lead to helping behaviors. A classic phenom-
enon in psychology is the ‘bystander effect,’ where individuals are less likely to help a victim, and 
feel less responsible, in the presence of other people/bystanders (Darley & Latané, 1968).

Hoffman’s work highlights the importance of empathy in promoting pro-social behavior, which 
can be cultivated through education, modeling, and other forms of socialization. He posits that 
socialization, which enables individuals to experience a range of emotions, enhances their capacity 
for empathy. Adults exposed to role models demonstrating pro-social behavior, during childhood 
and thereafter, are more likely to develop and exhibit similar pro-social and helping behaviors. 
Induction to pro-social behavior, the voluntary attention to someone else’s perspectives and dis-
tress, is also a key element in enhancing empathic potential (Hoffman, 2000).

An important element of empathy is perspective-taking. Batson (2009) distinguishes two types 
of perspective-taking: imagine-other perspective and imagine-self perspective. The former is 
about “imagining how another is thinking and feeling.” It “is not so much what one knows about 
the feelings and thoughts of the other but one’s sensitivity to the way the other is affected by his or 
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her situation” (Batson, 2009, p. 7). This latter part is about “imagining how one would think and 
feel in the other’s place.” This is aligned with the concepts of ‘role-taking’ and ‘role-playing’ as 
teaching methods in engineering ethics education, which are expanded in Chapter 20 on teaching 
ethics using case studies.

Intuition and ethics

In psychology, most research on moral development has been dominated by cognitive and rationalist 
frameworks, which consider that moral judgment is an outcome of moral reasoning. Contrary to this 
trend, in his Social Intuitionism Model, Haidt argues that intuition comes first and strategic reasoning 
comes second (Haidt, 2013a). Strategic reasoning (process) and judgment (outcome) are interrelated 
mechanisms. Moral judgments are often made quickly and automatically, based on gut feelings and 
emotions rather than logical reasoning – “moral judgment is caused by quick moral intuitions and is 
followed (when needed) by slow, ex post facto moral reasoning” (Haidt, 2001, p. 817).

As a result of their research exploring morality and culture, Haidt and Joseph developed the 
concept of intuitive ethics – “an innate preparedness to feel flashes of approval or disapproval 
toward certain patterns of events involving other human beings” (Haidt & Joseph, 2004, p. 56) 
– with implications for moral education and moral diversity. These authors propose four moral 
patterns, or moral foundations, shared across different cultures – suffering, hierarchy, reciprocity, 
and purity – with associated emotions and virtues.

Haidt’s work on intuitive ethics has significant implications for our understanding of moral psy-
chology and political ideology. Haidt argues that people’s political beliefs are often based on their 
moral intuitions rather than logical reasoning (Haidt, 2013b). Haidt’s research on intuitive ethics 
has also shed light on the role of moral emotions, such as disgust and anger, in shaping moral judg-
ments. For example, research by Rozin et al. (2008) has shown that people’s moral judgments can be 
influenced by disgust, with morally relevant stimuli that elicit disgust being more likely to be judged 
morally wrong. On the other hand, elevation, the emotional response to “witnessing acts of virtue or 
moral beauty” (Algoe & Haidt, 2009, p. 106), a reaction to ‘moral excellence,’ motivates pro-social 
behavior and volunteering (Cox, 2010), as well as ethical leadership in organizations (Vianello et al., 
2010). For a detailed account of how engineering ethics education relates to emotion, see Chapter 4.

In our everyday lives, intuition plays a role in shaping our decision-making processes in numer-
ous crucial ways (Haidt, 2013b). In engineering ethics education, understanding the role of intui-
tion and moral intuitions in ethical decision-making is essential to preparing future engineers to 
deal with complex ethical issues. In the next section, we will discuss the role of intuition and 
cognitive biases in engineering ethics education. Suggested guidelines on how to integrate intui-
tion into engineering ethics education are provided are provided in the last sections of the chapter.

Generally speaking, intuition is the ability to understand or grasp something immediately with-
out conscious reasoning. Ethical decisions are often guided by intuition, which manifests as a ‘gut 
feeling’ or a sense of right or wrong. Even though intuition may be influenced by personal expe-
riences, cultural background, and one’s own values, it can potentially provide valuable insights 
when making ethical decisions.

Cognitive bias in engineering ethics education

A complex ethical dilemma may involve multiple stakeholders and long-term consequences when 
making ethical decisions in engineering. Engineers can make appropriate decisions based on intui-
tive judgments if they can identify potential ethical issues quickly. However, sole reliance on intui-
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tion may result in biases and cognitive errors. Therefore, when making ethical decisions, a balance 
must be struck between intuition and analysis.

It is important to recognize the limitations and potential pitfalls of intuition when making ethi-
cal decisions. Various cognitive biases may affect intuitive judgments (Berthet, 2021; Caviola et 
al., 2014). All humans have cognitive biases. A study by Steele et al. (2016) in US institutions 
showed that home and international graduate students are prone to different cognitive biases. In 
the following paragraphs, we discuss confirmation bias, anchoring bias, and groupthink in greater 
detail.

Confirmation bias refers to the tendency for individuals to seek, interpret, or remember infor-
mation in a way that confirms their pre-existing beliefs, ideas, or hypotheses (Nickerson, 1998). 
Often, this bias can lead to errors in judgment or flawed conclusions, influencing decision-making 
and reasoning processes. As humans, we naturally tend to look for patterns in the world around us 
and make sense of them. There are several ways in which confirmation bias can manifest itself, 
namely selective exposure, selective perception, and selective recall.

The purpose of Table 10.1 is to examine how confirmation bias can manifest itself by applying 
an engineering-related vignette that we developed for this chapter – ‘Nothing better than steel’: 
Engineers may experience confirmation bias when developing a new product or system. Imagine 
that an engineer is developing a new type of suspension system for a car, and they strongly believe 
that a particular material (e.g., steel) is the best choice for suspension components.

Even in the face of strong evidence, confirmation bias can lead to overconfidence, poor deci-
sion-making, and reluctance to change one’s beliefs. Being aware of this bias, seeking out diverse 
sources of information, engaging in critical thinking, and being open to updating beliefs in light of 
new information are important.

In engineering education, the anchoring bias, as detailed by Berg and Moss (2022), poses 
a significant barrier to effective perspective-taking. When engineering educators anchor their 
judgments on initial information, especially in the case of uncertainty or insufficient data, they 
may unintentionally limit their openness to new methodologies or diverse viewpoints. This bias 
towards initial impressions or familiar concepts can lead to a reliance on outdated teaching meth-
ods, restricting the educators’ ability to adapt to new insights and perspectives in the rapidly evolv-
ing field of engineering.

Moreover, the impact of anchoring bias can be exacerbated by priming effects, where prior 
exposure to certain stimuli, such as conventional engineering concepts, shapes future decisions 
and judgments. This phenomenon further emphasizes the importance of engineering educators 
actively seeking varied information sources and continuously updating their judgments with new 
evidence. By acknowledging and actively working to overcome this bias, engineering educators 
can more effectively foster an inclusive and dynamic educational environment, promoting diverse 
perspectives and better preparing students for the complexities of modern engineering challenges.

Groupthink, a psychological phenomenon extensively studied in fields like social psychology 
and organizational behavior, occurs when a group suppresses dissenting opinions in favor of con-
sensus and harmony, often at the cost of critical thinking and objective decision-making. This 
concept, explored in works by scholars such as Janis (1972) and Turner and Pratkanis (1998), 
highlights how the desire for group conformity can overshadow the evaluation of information, 
risks, and potential outcomes. In such settings, ethical and moral reasoning can be compromised, 
as the group prioritizes agreement over the thorough examination of moral implications and ethi-
cal standards.

Addressing groupthink requires fostering a culture where open communication, critical think-
ing, and diverse viewpoints are valued. Psychological research, including studies on moral 



Inês Direito, Curwyn Mapaling, and Julianna Gesun 

188

Ta
bl

e 
10

.1
  

A
pp

lic
at

io
n 

of
 ty

pe
s o

f c
on

fir
m

at
io

n 
bi

as
 e

xp
la

na
tio

ns
 to

 o
ur

 e
ng

in
ee

rin
g 

vi
gn

et
te

Ty
pe

 o
f c

on
fir

m
at

io
n 

bi
as

Ex
pl

an
at

io
n

En
gi

ne
er

in
g 

Sc
en

ar
io

Et
hi

ca
l I

m
pl

ic
at

io
ns

Se
le

ct
iv

e 
ex

po
su

re
It 

is
 p

os
si

bl
e 

th
at

 p
eo

pl
e 

pr
ef

er
 to

 
co

ns
um

e 
in

fo
rm

at
io

n 
th

at
 a

dh
er

es
 to

 
th

ei
r b

el
ie

fs
 a

nd
 a

vo
id

 in
fo

rm
at

io
n 

th
at

 d
oe

s n
ot

. A
n 

ec
ho

 c
ha

m
be

r 
eff

ec
t m

ay
 re

su
lt,

 w
he

re
 in

di
vi

du
al

s 
su

rr
ou

nd
 th

em
se

lv
es

 w
ith

 p
eo

pl
e 

an
d 

so
ur

ce
s w

ho
 a

re
 si

m
ila

r t
o 

th
em

, 
re

in
fo

rc
in

g 
th

ei
r p

er
sp

ec
tiv

es
 a

nd
 

be
lie

fs
. 

It 
is

 p
os

si
bl

e 
fo

r t
he

 e
ng

in
ee

r t
o 

on
ly

 se
ar

ch
 fo

r a
nd

 re
ad

 re
se

ar
ch

 
pa

pe
rs

, c
as

e 
st

ud
ie

s, 
or

 a
rti

cl
es

 th
at

 
de

m
on

st
ra

te
 th

e 
be

ne
fit

s o
f u

si
ng

 
th

e 
sp

ec
ifi

ed
 st

ee
l f

or
 su

sp
en

si
on

 
sy

st
em

s, 
av

oi
di

ng
 o

r d
is

m
is

si
ng

 
ev

id
en

ce
 th

at
 su

gg
es

ts
 a

lte
rn

at
iv

es
 

(e
.g

., 
al

um
in

um
, c

ar
bo

n 
fib

er
, o

r 
tit

an
iu

m
) a

re
 m

or
e 

eff
ec

tiv
e.

Th
is

 b
ia

s c
an

 le
ad

 to
 e

th
ic

al
 is

su
es

 
in

 e
ng

in
ee

rin
g 

du
e 

to
 th

e 
la

ck
 o

f 
th

or
ou

gh
 e

xa
m

in
at

io
n 

of
 a

ll 
re

le
va

nt
 

da
ta

 a
nd

 a
lte

rn
at

iv
es

. E
ng

in
ee

rs
 h

av
e 

a 
re

sp
on

si
bi

lit
y 

to
 c

on
si

de
r d

iv
er

se
 

pe
rs

pe
ct

iv
es

 a
nd

 in
fo

rm
at

io
n 

to
 e

ns
ur

e 
th

e 
m

os
t e

ffe
ct

iv
e 

an
d 

effi
ci

en
t s

ol
ut

io
ns

 a
re

 
ch

os
en

, n
ot

 ju
st

 th
os

e 
th

at
 a

lig
n 

w
ith

 p
re

-
ex

is
tin

g 
be

lie
fs

.
 

Se
le

ct
iv

e 
pe

rc
ep

tio
n

Pe
op

le
 m

ay
 d

is
re

ga
rd

 o
r d

ow
np

la
y 

co
nt

ra
di

ct
or

y 
ev

id
en

ce
 w

he
n 

pr
es

en
te

d 
w

ith
 a

m
bi

gu
ou

s o
r 

co
nfl

ic
tin

g 
in

fo
rm

at
io

n.

En
gi

ne
er

s m
ay

 o
ve

re
m

ph
as

iz
e 

or
 ig

no
re

 
th

e 
di

sa
dv

an
ta

ge
s o

f s
te

el
, s

uc
h 

as
 it

s h
ig

he
r w

ei
gh

t o
r i

nc
re

as
ed

 
co

st
, i

f t
he

y 
en

co
un

te
r a

 st
ud

y 
th

at
 

co
m

pa
re

s t
he

 p
er

fo
rm

an
ce

 o
f v

ar
io

us
 

m
at

er
ia

ls
. I

t i
s a

ls
o 

po
ss

ib
le

 fo
r t

he
m

 
to

 e
m

ph
as

iz
e 

th
e 

ne
ga

tiv
e 

as
pe

ct
s o

f 
al

te
rn

at
iv

e 
m

at
er

ia
ls

 w
hi

le
 ig

no
rin

g 
th

ei
r p

os
iti

ve
 a

sp
ec

ts
. 

B
y 

ov
er

em
ph

as
iz

in
g 

or
 ig

no
rin

g 
ce

rta
in

 
as

pe
ct

s o
f d

at
a,

 e
ng

in
ee

rs
 ri

sk
 

co
m

pr
om

is
in

g 
th

e 
in

te
gr

ity
 a

nd
 sa

fe
ty

 o
f 

th
ei

r d
es

ig
ns

. E
th

ic
al

 e
ng

in
ee

rin
g 

re
qu

ire
s 

a 
ba

la
nc

ed
 a

nd
 fa

ir 
as

se
ss

m
en

t o
f a

ll 
av

ai
la

bl
e 

in
fo

rm
at

io
n,

 e
sp

ec
ia

lly
 in

 c
as

es
 

w
he

re
 p

ub
lic

 sa
fe

ty
 a

nd
 w

el
fa

re
 a

re
 a

t 
st

ak
e.

Se
le

ct
iv

e 
re

ca
ll

W
he

n 
pe

op
le

 h
av

e 
in

fo
rm

at
io

n 
th

at
 

co
nfi

rm
s t

he
ir 

be
lie

fs
, t

he
y 

m
ay

 
re

m
em

be
r i

t m
or

e 
vi

vi
dl

y 
an

d 
ac

cu
ra

te
ly

 th
an

 w
he

n 
th

ey
 h

av
e 

in
fo

rm
at

io
n 

th
at

 c
ha

lle
ng

es
 th

ei
r 

be
lie

fs
. I

t m
ay

 b
e 

di
ffi

cu
lt 

fo
r t

he
m

 to
 

co
ns

id
er

 a
lte

rn
at

iv
e 

vi
ew

po
in

ts
 if

 th
ei

r 
op

in
io

ns
 a

re
 fu

rth
er

 e
nt

re
nc

he
d 

as
 a

 
re

su
lt 

of
 th

is
.

In
 th

e 
ca

se
 o

f a
 sp

ec
ifi

c 
st

ee
l, 

th
e 

en
gi

ne
er

 m
ay

 re
m

em
be

r p
os

iti
ve

 
te

st
im

on
ia

ls
 o

r s
uc

ce
ss

 st
or

ie
s m

or
e 

vi
vi

dl
y 

th
an

 a
ny

 n
eg

at
iv

e 
fe

ed
ba

ck
 

or
 fa

ilu
re

 c
as

es
. C

on
se

qu
en

tly
, 

th
e 

m
at

er
ia

l’s
 su

ita
bi

lit
y 

fo
r t

he
 

ap
pl

ic
at

io
n 

m
ay

 b
e 

ov
er

es
tim

at
ed

.

Fa
vo

rin
g 

in
fo

rm
at

io
n 

th
at

 c
on

fir
m

s p
re

-
ex

is
tin

g 
be

lie
fs

 c
an

 le
ad

 to
 o

ve
rc

on
fid

en
ce

 
in

 c
er

ta
in

 m
at

er
ia

ls
 o

r d
es

ig
ns

, p
ot

en
tia

lly
 

ov
er

lo
ok

in
g 

ris
ks

 o
r fl

aw
s. 

Et
hi

ca
l 

en
gi

ne
er

in
g 

pr
ac

tic
e 

ne
ce

ss
ita

te
s a

 c
rit

ic
al

 
an

d 
ob

je
ct

iv
e 

ev
al

ua
tio

n 
of

 a
ll 

ex
pe

rie
nc

es
 

an
d 

da
ta

, b
ot

h 
po

si
tiv

e 
an

d 
ne

ga
tiv

e,
 

to
 e

ns
ur

e 
th

e 
m

os
t r

el
ia

bl
e 

an
d 

sa
fe

 
en

gi
ne

er
in

g 
so

lu
tio

ns
. 



Psychological foundations of engineering ethics education 

189

development by Kohlberg (1981) and on ethical decision-making by Rest (1986), suggests that 
encouraging a questioning attitude and constructive criticism can significantly enhance ethical 
reasoning in group settings. Leaders in the engineering industry play a crucial role in mitigating 
groupthink by seeking dissenting opinions and challenging group assumptions. Techniques like 
including external viewpoints, assigning a ‘devil’s advocate,’ and dividing the group into smaller, 
independent subgroups are effective strategies to reduce the risk of groupthink, as they introduce 
a variety of perspectives and critical evaluations.

The concept of groupthink can be exemplified through a scenario where a team of engineers, 
led by a directive leader, works on a safety system for a plant. The leader’s strong influence could 
inadvertently steer the team towards a unanimous approach, potentially overlooking critical safety 
and ethical considerations. This scenario underscores the importance of ethical and moral reason-
ing in engineering decision-making, particularly in collaborative environments where the risk of 
groupthink is prevalent. These and other cognitive biases should be addressed in engineering eth-
ics education, and strategies should be taught to mitigate their impact on decision-making.

Engineering ethics education through Greene’s dual process theory (2015) and Kahneman’s 
Thinking, Fast and Slow (2012) highlights the interplay between intuitive and analytical thinking. 
There are many ethical dilemmas that engineers face daily which require not only technical expertise 
but also sound moral judgment. The dual-process theory can be incorporated into engineering ethics 
curriculums to demonstrate that intuition can be susceptible to cognitive biases and shortcuts that 
may not necessarily lead to ethical decisions. Engineers can be better prepared to navigate difficult 
ethical situations by promoting self-awareness of these biases and developing critical thinking skills. 
As a result, engineers can strike a balance between fast, automatic, and emotionally driven thought 
processes that may drive initial reactions and the slow, deliberate thinking required for making ethi-
cal, thoughtful decisions (Greene, 2015). In addition to enhancing engineering ethics education, 
such an approach also contributes to developing more socially and ethically responsible engineers.

Personal and cultural perspectives should also be highlighted in engineering ethics education. 
People may make intuitive judgments differently based on their cultural backgrounds, personal 
values, and life experiences. Research on intuitive ethics underscores the importance of acknowl-
edging these differences in judgment (Haidt & Joseph, 2004). It is the responsibility of educators 
to foster an environment that encourages open discussions and respects the perspectives of all 
students.

It is important to use intuition when making ethical decisions in engineering, but this is often 
overlooked. Incorporating intuition into engineering ethics education, as Haidt and Joseph suggest 
(2004), can facilitate the development of responsible and ethical engineers by providing students 
with a more comprehensive and nuanced understanding of ethical dilemmas. Some suggestions 
on incorporating intuition into engineering ethics education are presented in the last sections of 
this chapter.

Positive psychology

Positive psychology has emerged as a significant area of interest in recent years, focusing on the 
promotion of well-being and human flourishing by understanding, nurturing, and harnessing the 
strengths and virtues of individuals. Traditionally, it involves the study of the processes and condi-
tions that enable individuals, but also groups and institutions, to function at their optimum level 
(Gable & Haidt, 2005). Research on the psychological aspects of what makes life worth living has 
been overshadowed by research on disorders and damage carried out before the 2000s. Positive 
psychology began as a result of the recognition of this imbalance in the early twenty-first century, 
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a movement that was motivated by a desire to conduct research and engage in areas that had 
previously been neglected and ‘one-sided.’ In this spectrum of positive psychology, the psycho-
biological basis of morality is one of many areas explored. Positive moral emotions can uplift and 
transform people (Keyes & Haidt, 2003).

It is important to note that the term positive psychology does not necessarily imply that other 
psychological studies outside of its scope are negative. In fact, most of the academic work in posi-
tive psychology is neutral in nature, aiming to address the full spectrum of the human experience. 
Importantly, positive psychology seeks to broaden the focus of research to include topics that 
have traditionally been examined primarily through their negative aspects. For example, much-
published research on morality has been concerned with negative moral emotions, such as anger 
and disgust when others do wrong, as well as shame and guilt when one does wrong. Conversely, 
positive moral emotions like gratitude and admiration are much less well-studied empirically, 
according to Gable and Haidt (2005). Therefore, the emergence of positive psychology was largely 
motivated by a recognition that the science of psychology could benefit from a more balanced 
approach that includes researching and understanding ‘what goes right’ with individuals, families, 
groups, and institutions.

In the context of engineering education, positive psychology can help cultivate an ethically 
grounded and emotionally intelligent generation of engineers. The final sections of the chapter 
will further delve into the importance of integrating positive psychology into engineering educa-
tion.

How moral psychology has been used in engineering education and research

Engineering ethics education – current and emerging issues

Researchers have documented several methods to study ethics in engineering education in the 
classroom. For example, instructors have created dedicated engineering ethics courses where 
engineering students read and rank statements corresponding to moral foundations, ethical codes/
standards, or case studies (Clancy et al., 2022; Hess & Fore, 2018). In other cases, students are also 
invited to respond to ethical reflection prompts given in courses that may or may not be focused on 
ethical reasoning (Hess et al., 2021; Hashemian & Loui, 2010).

Additional studies have integrated ethics into existing technical engineering courses (Davis, 
2006; Hess et al., 2019). Despite these different methods of incorporating ethics and moral psy-
chology into engineering classrooms, there are no established ‘best’ practices for teaching and 
studying ethics in the classroom (Hess & Fore, 2018). Thus, instructors are encouraged to incorpo-
rate whichever format of ethics instruction makes sense for their class. Overall, many opportuni-
ties remain for researchers to investigate and evaluate practices for teaching ethics in engineering 
classes, as we outline below.

Studies on empathy and care have been gaining attention in engineering education and research 
since 2011 (Strobel et al., 2011). Recent works have focused on the relationship between empathy 
and empathic perspective-taking in engineering ethics (Hess et al., 2017, 2021), empathic com-
munication (Sochacka et al., 2020), and empathy as a learnable skill, a practice orientation, and a 
professional way of being (Walther et al., 2017).

Outside the classroom, service learning has emerged as a way for engineering students to 
develop an understanding of ethical responsibility and morality by working in local communities. 
Prior research documents several methods to include service learning in engineering curricula. 
For example, engineering courses (at the undergraduate and graduate levels) have integrated ele-
ments of service work with local community projects, Habitat for Humanity, Campus Connect, 



Psychological foundations of engineering ethics education 

191

and medical clinics (Tsang, 2000). Additionally, service learning in engineering could stem from 
student-initiated efforts across the engineering curriculum (Pritchard, 2000). Reflection is a cru-
cial aspect of service learning that distinguishes it from volunteering, as student reflections dem-
onstrate and assess an understanding of ethical responsibility. This process of reflection enables 
students to consider their value ideals more deeply (Pritchard, 2000). (Chapter 6 also discusses 
reflection and reflexivity. See Chapter 23 for more on ethics in service-learning and humanitarian 
engineering education, and Chapter 25 on reflective and dialogical approaches in engineering 
ethics education.)

As studies of engineering ethics education continue to grow, so do its critiques. One major 
critique focuses on the disconnect between ethics education and behavior change. For example, 
prior interventions focus on building ethical awareness yet “pay little attention to how well ethi-
cal awareness predicts ethical behavior” (Bairaktarova & Woodcock, 2017, p. 1129). Large-scale 
survey research on undergraduate engineering students revealed that students experienced many 
opportunities for high-quality ethics education, but ethical knowledge and behaviors varied (Finelli 
et al., 2012). Regarding engineering professional practice, there seems to be agreement that devel-
oping ethical behaviors and understanding the connection between ethical awareness and behavior 
change is critical (Bairaktarova & Woodcock, 2017). One explanation for the disconnect between 
ethical knowledge and behaviors is that moral educational approaches in engineering have been 
‘rule-based’ with a focus on ‘negative’ consequences, which can lead to negative outcomes such 
as moral schizophrenia (Han, 2015; Harris, 2008; Stovall, 2011).

Recent trends in positive psychology emphasize that “moral education should serve for stu-
dents’ flourishing and authentic happiness” (Han, 2015, pp. 441–442). The moral education of 
engineering students should also prioritize their physical and mental well-being. In the next sec-
tions, we call for more integration of positive psychology and intuition in engineering ethics edu-
cation.

Integrating positive psychology into engineering ethics education

A positive psychology approach can be integrated into an engineering ethics curriculum by engi-
neering educators focusing on the following strategies:

• Ensure that self-reflection is encouraged: Students should be provided opportunities to 
reflect on their emotions and emotional responses to ethical dilemmas. As a result, they 
can develop self-awareness and understand how emotions influence their decision-making 
processes.

• Teach techniques for regulating emotions: Teach students effective methods for managing 
their emotions, such as mindfulness cognitive restructuring and stress-reduction techniques 
(Huerta et al., 2021).

• Develop empathy and the ability to take a perspective: Foster empathy and social awareness 
among students by incorporating exercises that encourage them to consider other people’s 
emotions and perspectives (Sochacka et al., 2020).

• Promote positive mindsets: Educate students about the importance of growth mindsets, 
emphasizing learning from mistakes and viewing challenges as opportunities for improve-
ment (Campbell et al., 2021).

• Develop collaborative problem-solving skills by facilitating group discussions: Promote a 
supportive learning environment by providing students with opportunities to work together 
on ethical dilemmas and to develop relationship management skills.
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An important goal of engineering education is to cultivate students’ ability to find solutions that 
serve diverse societies. Based on a model of engineering thriving (Gesun et al., 2021), all compe-
tencies are highly interrelated and ought to be studied alongside other competencies (see Figure 
10.1). It is a moral imperative for education, particularly in engineering, to facilitate students’ 
thriving, equipping them with the skills to confront ethical problems and exercise their ethi-
cal responsibilities (Mapaling, 2023). This approach involves making students aware of ethical 
problems, understanding their impact as moral agents, and developing solutions to these prob-
lems. Engineering schools have responded by incorporating ethics education through freestand-
ing courses and/or integrating ethics across the curriculum, employing various problem-solving 
activities such as role-playing, computer simulations, and group projects. Refer to the section of 
this handbook titled “Teaching Methods in Engineering Ethics Education” for a comprehensive 
mapping of established and emerging methods utilized in teaching engineering ethics.

Incorporating intuition into engineering ethics education

Educators should consider the following strategies when incorporating intuition into engineering 
ethics education:

• Promote self-reflection: It is important for students to reflect upon their intuitions and to 
consider the factors that may influence these judgments. Developing self-awareness and 
learning to recognize potential biases can be facilitated through this process.

• Enhance students’ ethical sensitivity: Educators can sharpen students’ ethical sensitivity 
through case studies, role-playing activities, and other interactive activities to help them 
recognize ethical dilemmas more instinctively.

• Create an atmosphere of moral imagination: Rules and codes are important, but not suf-
ficient, for ethical decisions. To enhance students’ intuitive understanding of ethical dilem-
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mas, educators can cultivate students’ moral imaginations by encouraging them to imagine 
different perspectives, stepping outside cultural constraints, and potential consequences, and 
make use of stories and metaphors (Umbrello, 2020). Moral imagination “demands that 
individuals be able to see this cultural reality as a perspective and to transcend it to the point 
where an individual can understand alternative stories arising from different cultures and 
contexts” (Mehalik & Gorman, 2006, p. 296).

• Maintain a balance between intuition and analysis: A balanced approach to engineering eth-
ics should be emphasized during engineering ethics education. Students can make well-
informed decisions if educators provide the tools and frameworks to critically evaluate their 
intuitive judgments.

To date, the focus on the psychological foundations of engineering ethics education has been 
heavily constrained by cognitive theories and rational approaches. This limited perspective can 
be detrimental to engineering ethics education, as “expertise in moral reasoning does not seem 
to improve moral behaviors, and it might even make it worse” (Haidt, 2013b, p.104). Haidt’s 
observation signals a critical challenge in engineering ethics education: the gap between theoreti-
cal moral reasoning and practical ethical behavior. The recognition of this gap necessitates a shift 
in focus towards applying moral psychology in ways that promote actual ethical behavior among 
engineering students and professionals.

Promising directions for future work include fostering long-term ethical behaviors in engineer-
ing students. As Clancy and Zhu (2023) highlight, it is the behavior of professional engineers and 
the products they design that impact society. Thus, behavior change is more pivotal than merely 
understanding what is ‘right’ and what is ‘wrong.’ Additionally, exploring cross-cultural variations 
in ethical reasoning is vital. Preliminary results from Clancy et al. (2022) indicate cultural dif-
ferences in moral intuitions among engineering students, suggesting a rich area for further study.

The emergent field of emotions in engineering education also offers new perspectives. 
Researchers like Kim (2022) and Kotluk and Tormey (2023) are exploring the role of emotions 
and emotional empathy in moral behavior, an area ripe for further investigation.

Moral psychology, as a foundational discipline in ethics education, encompasses diverse 
research traditions. These traditions, from developing and evaluating moral reasoning to explor-
ing pro-social behavior, care, and empathy, are critical pillars for engineering ethics education. 
In recent times, frameworks such as moral intuitionism and positive psychology have notably 
enriched the discourse within moral psychology, offering new perspectives and methodologies.

This chapter has delved into the psychological foundations of engineering ethics education, 
with a particular focus on cognitive approaches to moral reasoning. Although these approaches 
remain predominant, the chapter has also introduced and examined diverging perspectives, includ-
ing care, empathy, pro-social behavior, and moral intuitionism. These diverse approaches under-
line the complexity of ethical reasoning and the importance of a multifaceted approach to ethics 
education.

Considering these discussions, the chapter advocates for the integration of positive psychology 
into the curriculum of engineering ethics education. Positive psychology, with its emphasis on fos-
tering well-being and success, presents a complementary approach that can significantly enhance 
traditional methods of teaching ethics. By nurturing moral and ethical reasoning, attitudes, and 
behaviors, positive psychology offers a holistic framework that prepares engineering students to 
face ethical challenges and promotes their overall well-being.

As we look towards the future of engineering ethics education, embracing this integration will 
be pivotal. Converging cognitive approaches with care principles, empathy, pro-social behavior, 
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moral intuitionism, and positive psychology can create a more robust and comprehensive educa-
tional experience. Such an approach can not only equip students with the necessary tools to navi-
gate ethical dilemmas but also cultivate a generation of engineers who are both ethically minded 
and oriented towards contributing positively to society.
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Introduction

This chapter explores the ways in which the recent perspectives on ethics that have been a subject 
of discussion in management and organization studies might contribute to a specific reformulation 
of education on engineering ethics. Drawing our inspiration from posthumanist practice theory 
(Gherardi, 2022; Gherardi & Laasch, 2021), we suggest that the focus of attention should be shifted 
away from what managers and engineers actually do toward managing and engineering practices 
that are conceived as local entanglements of heterogeneous elements (humans, technologies, other 
non-humans, discourses) and the loci of ethical doings. The proximity of these two areas is noth-
ing new. Engineering is performed within complex organizational settings and practices (Vinck, 
2003) and is connected to management and decision-making processes. In addition, as engineers 
are primarily employed by public or private organizations of all sizes, business and management 
ethics are inevitably intertwined with engineering ethics. In recent decades, urgent issues that have 
been brought to the fore by global challenges such as sustainable transition, climate change, and 
the inequalities associated with the neoliberal economy, combined with irresponsible management 
practices on the part of business actors in the neoliberal era (Mintzberg & Laasch, 2020), have 
led to an upturn in the interest being paid to engineering ethics and responsible management. As a 
result, the debate around ethics and corporate responsibility is increasingly becoming a constitu-
tive element of engineering and management education. For this reason, it is important to look 
at how the conversation on ethics between the two areas – management/organization studies and 
engineering – has unfolded and at the potential synergies between them.

The efforts to introduce a moral and ethical dimension into management on the one hand and 
engineering on the other have followed a similar path, with the development of a mass of external 
tools, such as codes and rules of conduct and ethics, principles, reporting practices, and corporate 
social responsibility (CSR), in order to support – and hopefully guide – ‘correct’ behavior. This 
approach to ethics – which has been called ethics-as-technology (Boening-Liptsin, 2022) – is tied 
to the image of a technologist (a manager, an engineer, or a decision-maker) who acts based on an 
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individualistic understanding of morality in society. More profoundly, however, as we will see, it 
entails a specific understanding of the loci of morality – of the ethics of ethics – associated with an 
independent, self-determined moral subject and a ‘trait’ of an individual’s personality.

Engineering ethics has traditionally been developed by the introduction of ethical theories into 
engineering education and by the application of philosophical concepts such as utilitarianism and 
virtue ethics to situations engineers had to deal with in the hope that they would become sensitized 
to them and act ethically (Johnson & Wetmore, 2008). In management and organization studies, 
it was believed that the introduction of principles of responsible management education and tools 
such as CSR or codes of conduct would produce similar results. Despite the good intentions and 
the increasing amount of space devoted to ethics in business and engineering education, observers 
have been highly critical of the ability of these approaches and tools to inspire more ethical behav-
iors and to reform the immoral practices of contemporary capitalism (Rasche & Gilbert, 2015).

It must be acknowledged, however, that in recent decades, the literature on organizational and 
engineering ethics has enormously expanded its efforts to bridge the gaps between classical ethics 
theory and the formalism of ethics-as-technology, on the one hand, and the complexity of the ethi-
cal challenges currently being faced by the engineering and management sectors, on the other. The 
advances in technological innovation in general, and in big data in all areas of society in particular 
– such as biomedicine, cybersecurity, food production, smart cities, and sustainable transitions – 
raise new ethical issues and compel new action. It is no chance that the debate on ethics in artificial 
intelligence (AI) is an especially lively one (Boening-Liptsin, 2022; Johnson & Wetmore, 2008), 
and that the need to move away from traditional forms of ethics (and from ethics-as-technology) 
is particularly urgent. The dark side of digitalization may be seen as a contemporary phenomenon, 
as part of the posthuman societal condition: algorithmic control now revolves less around human 
managers and more around employee interaction with a non-human algorithm, which leads to a 
“disintermediation of managers” (Kellogg et al., 2020, p. 387).

The objective of the attempts to supersede the traditional approaches is to draw closer to the 
context and level of the lived experience and focus on the situated practices from which ethics 
emerges. Reference to local dynamics and ‘practices’ has become central to these developments 
in both management and engineering. The mobilization of ethics of care (Gilligan, 1982; Tronto, 
1993) (for more, see Chapter 10) in these areas marks a move away from formal rules to a focus 
on the values that emerge in practices. The impetus for the shift from abstract and decontextualized 
principles to an observation of how ethical and moral principles are generated in situated practices 
has a direct effect on how future engineers will be educated. Students will be able to learn about 
ethics when they are confronted with moral dilemmas that arise in working practices relating to 
their own and other professions. Professionals will be able to develop a practical reflexive sensibil-
ity (Hibbert & Cunliffe, 2013) for how morality is enacted in situated professional circumstances, 
and it will then be possible to bring their experience back into education and into induction prac-
tices for newcomers to the particular profession.

The article is organized as follows. First, we review some of the main contributions to the cur-
rent debate on management studies – in particular ethics-as-practice and ethics-in-practice – that 
claim that ethics cannot be reduced to norms and principles, or to something that one has, or to a 
characteristic of the self. Instead of being an attribute of a moral, independent individual, ethics 
is what emerges from our everyday connections to others and their needs. With this in mind, we 
take inspiration from the concept of response-able managing (Gherardi & Laasch, 2021), which 
decenters the locus of ethics from managers to managing practices, to introduce the concept of 
‘response-able engineering’ in the second section of the chapter. In the third section, we use three 
vignettes that illustrate examples of situated engineering practices to consider ordinary engineer-
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ing practices as an arrangement of humans, non-humans, and the world from which responsible 
engineering emerges. Finally, we discuss the implications of response-able engineering for educa-
tion as a form of training that requires creativity, imagination, and an ability to learn from ordinary 
situations.

From normative ethics to ethics-as-practice and ethics-in-practice

We will first summarize how the conversation on ethics has been shaped in management and 
organization studies and how it has been debated of late. The idea that corporations – and organiza-
tions more broadly – need to think about ethics and responsibility has emerged as a reaction to the 
irresponsible and unethical conduct of business and corporate interests in liberal economies. The 
need to reform the sector had already been raised in the 1970s, and it became urgent in the 1990s, 
when major financial scandals, environmental disasters, and the global exploitation of workforces 
raised a general alarm. Business schools were also accused of playing an important role in educat-
ing people to act irresponsibly rather than for the common good (Painter-Morland, 2015).

Organizational ethics has predominantly been approached in two ways (Hancock, 2008). On 
one hand, in the form of deontological ethics based on Kantian thought, which introduces a norma-
tive or legislative approach in which compliance with formal codes of conduct and the adoption of 
various tools – CSR, life-cycle analysis (LCA), reporting practices and others – have been favored. 
On the other, based on Aristotelian thought, ethics has also been seen to be connected less with 
the ‘codifying of moral imperatives’ and more with virtues, that is, with the personal traits of the 
subject, which might be an individual or an organization. This has triggered the development of 
solutions for raising awareness and educating individuals on moral behavior.

This position began to be criticized in the 1990s, especially in critical management studies 
(Clegg et al., 2007b; Painter-Morland, 2011; Parker, 2003), for which ethics is acknowledged 
to be more complex than norms, something that cannot be delegated to formal models that are 
supposed to guide complex decisions and real-life situations. A margin of interpretation and nego-
tiation is always needed. On the one hand, despite the attention and the literature on ethics and 
responsibility, normative and codification approaches are considered not to have met the challenge 
or brought about a reform of deviant business practices. The risk of over-relying on codes and 
codification (Bevan & Corvellec, 2007) and the connection to the specific personal traits of people 
and organizations would promote the status quo, or business as usual, if not even glorify business 
(Rhodes & Pullen, 2017). On the other hand, the practice turn in organization studies (Gherardi, 
2000; Nicolini, 2012; Orlikowski, 2000; Sandberg & Tsoukas, 2015; Schatzki et al., 2001; Shove 
et al., 2012) has focused new attention on the contextual and everyday life of ethics and on the 
choices made by individuals in actual situations and the definition of ethics-as-practice (Clegg et 
al., 2007a). Ethics has been defined as “the social organizing of morality, the process by which 
accepted and contested models are fixed and refixed, by which morality becomes ingrained in the 
various customary ways of doing things” (Clegg et al., 2007a, p. 111). Ethics-as-practice looks at 
how ethics is enacted, with a specific focus on discursive practices and discursive sense-making: 
“discourses that make sense of behavior and often retrospectively categorize practices as more 
or less ethical, where discourse is considered as a source that legitimizes behavior and construct 
frameworks (including vocabulary) to justify practices” (Clegg et al., 2007a, p. 113).

The authors formulated a research agenda for ethics-as-practice that includes five points (Clegg 
et al., 2007a, pp. 118–119): (a) it analyses the precise points at which a way of behaving becomes 
seen as problematic, but it is less concerned with finding a solution and more interested in how 
behavior becomes an ethical problem; (b) it focuses on the complex heterogeneous web that makes 
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organizations work and how operative ethical discourses are mobilized; (c) it comes up at the level 
of actual practices in use, and not ‘grand narratives’; (d) rather than focusing on the ultimate val-
ues embodied in discourses and discussing whether they are good or bad, it asks how these values 
come into being, and why they should be ‘better’ than others; and (e) by placing the emphasis on 
the context and the embeddedness of ethics, it refrains from making generalized judgments, focus-
ing on the local meaning and sense-making practices that constitute ethics.

The adoption of a research agenda for ethics-as-practice is a significant move toward ground-
ing a methodological framework for a study of ethicality in managerial practices and countering 
imposed ethical universalism. However, we have identified two weak points in the research agenda 
of ethics-as-practice: the centrality that is still attributed to humans as the exclusive locus of moral-
ity and decision-making; and the separation of ethics from politics. With regard to the former, we 
will show how a posthumanist practice theory conflicts with theories of practice centered around 
‘humans and their practices,’ and in the case of the latter, we acknowledge the need to link ethics 
and politics, as some authors have done under the label of critical business ethics (McMurray et 
al., 2011, Rhodes & Pullen, 2017; Wray-Bliss, 2009).

While ethics-as-practice invites researchers to investigate how ethics is enacted, a posthumanist 
practice theory conceptualizes ethics as emerging from the entanglement of humans, non-humans, 
and materialities. In other words, ethics emerges in-practices rather than being enacted by human 
beings alone.

This shift is marked by a passage from responsibility – formal roles or personal traits – to a 
capacity for responsiveness: that is, a commitment to changing environments (Painter-Morland, 
2011) and an affective response to the worldly connections of which we are a part. Feminist post-
humanism (Barad, 2007; Braidotti, 2013) has influenced management studies and provided an 
even more radical departure from the ethical subject – that is, centered around the human – and 
has expanded ethical subjectivity as a commitment to human, nonhuman, and worldly relation-
ships. We are therefore focusing on ethics-in-practice in order to stress the importance of situated 
practices within which the capacity to provide responses is performed and produces effects.

Barad (2007) is often cited on the subject of ethics because of her description of posthumanist 
theory as ethico-onto-epistemological, which implies that ethics is inseparable from being and 
understanding. Barad argues that researchers do not uncover pre-existing facts about indepen-
dently existing things as they existed frozen in time, like little statues positioned in the world. 
Rather, we learn about phenomena – about specific material configurations of the world’s becom-
ing, of which we too are a part. Which practices we enact matter – in both senses of the word. 
Making knowledge is not simply about making facts but about making worlds, engaging materi-
ally as part of the world in giving it a specific material form. The term response-ability (Barad, 
2007; Haraway, 2008) captures a different understanding of ethics-in-practice. Here, response-
ability is not about ‘being responsible’, and it cannot be established in advance; rather, it implies 
being open to the call of others (Despret, 2016). In this sense, ethics cannot be dissociated from 
politics, that is, from what is included and excluded from ethical doings.

The fact that we are a part of the world is not merely a critique of anthropocentrism; it also 
means adopting a research agenda in which posthumanist theory in many disciplines is a genera-
tive tool “to help us re-think the basic unit of reference for the human in the bio-genetic age known 
as ‘anthropocene,’ the historical moment when the Human has become a geological force capable 
of affecting all life on this planet” (Braidotti, 2013, p. 5). The idea of a posthuman societal condi-
tion reflects a situation in which humans and non-humans are increasingly folded into one another: 
more-than-human assemblages of digital cultures, emerging biotechnologies, algorithmic automa-
tion, and various cyborg formations are deeply enmeshed.
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The definition of our contemporary epoch as ‘Anthropocene’ has shown great promise in sus-
tainability studies. However, it is an extremely heated debate, even among scholars who share a 
deep concern for the planet, because the term ‘Anthropocene’ is understood differently depend-
ing on the disciplinary priorities (Calás et al., 2018; Gibson-Graham, 2011). We need to bear in 
mind, however, that this planet is not ours to ruin or save, and so when we mobilize the concept of 
Anthropocene it is more appropriate to ask, as Ulmer (2017, p. 6) does, “What the Anthropocene 
might do in research”. This is the starting point for a conversation in which some have suggested 
that the Anthropocene produces awareness and sustainable living practices, or an understanding 
that we live in an interconnected world, while others have pointed to the term as the core of the 
problem, as it reminds us of everything that is excluded – women, the Global South, people with 
disabilities, non-humans, and all types of externalities (human and non-human) involved in a lin-
ear economy (Sperling, 2019) – and points to the future a post-Anthropocene might imagine in 
the form of alternative economic systems and environmental policies. Ulmer’s (2017) answer to 
this is that it might do several things: “situate research within a particular time period; support 
inquiries that include aspects of in/non/human life; and highlight the purpose and significance 
thereof. Anthropocenic thinking invites scholars to refine their political commitments both in and 
to research” (Ulmer 2017, p. 6). From her response, we see how in doing research on (and teach-
ing) sustainability, responsibility, and ethics cannot be separated, and this insight lies at the core of 
the capacity of responsiveness, that is, a commitment to an affective and effective response to the 
worldly connections of which we are a part.

Response-able engineering

Our aim is to develop a theoretical-methodological framework for an empirical study of response-
able engineering as a phenomenon emerging in and through practices. We draw a parallel with the 
emergent field of responsible management, in which the three areas of ethics, responsibility, and 
sustainability are all connected (Laasch et al., 2020), and propose an exploration of responsible 
engineering as a means of integrating sustainability, responsibility, and ethics into engineering 
practices. The objective here is to develop a framework that is suited not only to ethics, responsi-
bility, and sustainability, but also – and especially – to the interactions among them.

When we approach responsible management and responsible engineering as practice (Gherardi 
& Laasch, 2021), we make an epistemological shift from ontological issues (what an object ‘is’) 
to onto-epistemological issues, or how an object (response-able engineering in this case) is made, 
and how it comes to be accomplished within situated practices. As we focus on this, we draw on 
four principles (Gherardi & Laasch, 2021; Price et al., 2020) for an ethics-in-practice analysis – 
situatedness, sociomateriality, collective knowledgeable doings, and texture of practices – as we 
will explain in greater detail below.

First, the principle of situatedness brings to the fore how a practice can be conceived as an 
agencement1) of humans, non-humans, tools, technologies, rules, and discourses, and how practices 
happen in time and space and in association with other practices. The focus here is on how a particu-
lar practice might be performed differently, and on how that practice may be enacted with different 
social effects. Accordingly, when we consider practices of response-able engineering, we ask: How 
is response-able engineering accomplished in situ? What activities are performed within the prac-
tice we describe, and with what consequences in terms of sustainability, responsibility, and ethics?

We apply a posthumanist practice approach (Gherardi, 2019) and focus on the here and now 
of a way of ordering humans, non-humans, tools technologies, rules, and discourses that produce 
(or do not produce) responsible effects in the dynamics of sustainability, responsibility, and ethics.
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Second, practice as a collective knowledgeable doing is the operating definition for approach-
ing knowledge as a situated activity, a form of knowing that takes place while it is being practiced. 
It is not enough to look at practice as a set of sayings and doings, because they are knowledgeable 
activities. Thus, ‘knowing-in-practice’ connects doing with knowing as a way of ordering hetero-
geneous elements into a cohesive whole by making aesthetic, ethical, and political judgments that 
are socially recognized and collectively sustained as professional deontology and as knowledge-
able doing in situ. When we consider situated practices of response-able engineering, we ask: 
What counts as legitimate knowledge within the institutionalized body of knowledge called engi-
neering? Whose knowledge counts as knowledge? How is knowing-in-practice actually made? 
Beyond questions such as these, there is the concern with power and with forms of knowing in an 
ethically accountable manner.

The third principle is sociomateriality, which means that the social and the material (corporeal, 
technical, and digital) form an ecology of knowing, and that the introduction of a new artifact, 
technology, or tool produces a realignment of practices that is both material and cultural (that is, 
sociomaterial). The concept of sociomateriality enables us to pose questions such as: How is know-
ing materialized in tools that are kept, innovated, or discarded? How is this ‘knowing’ embedded 
in specific artifacts and devices in use in order to create accountability? What are the effects of the 
adoption of certain devices of monitoring activities on organizing for response-ability? It might 
be said that artifacts have policy since sustainability, responsibility, and ethics are embedded in 
the way humans, non-humans, and discourses form an agencement that achieves agency from the 
entangled elements.

The fourth principle – a texture of practices – assumes that practices of response-able engi-
neering will co-exist with others in a texture of practices, with an interconnection that links each 
one to the other, interconnected, practices. They can, therefore, cut across boundaries, whether 
they be organizational, institutional, community, or professional. Organizational practices can also 
extend beyond organizational boundaries, just as social practices extend across into organizations. 
We have already mentioned how what is called the Anthropocene might be seen as the effect of 
interconnected practices. The term ‘texture’ denotes ‘connectedness in action,’ that is, how each 
practice is interdependent and interwoven with others in an endless series of relationships that con-
tinually move into each other. This enables us to ask questions like: How is the connection of one 
practice to others achieved, maintained, or disrupted? How do we trace and map the relationships 
that are formed between a ‘here and now’ practice and its connection and manifestation within 
other practices that may be far away in time and space?

To conclude, we might say that response-able engineering can be seen as an agencement of 
humans and non-humans more than just as something humans alone are doing and/or the dis-
courses they are engaging in, and as such, agencement embraces both the social and the material. 
This principle of ‘agentivity’ means that we do not study engineers as individuals as collectives, or 
just engineering work and activities, or management discourse in isolation, or education or learn-
ing as separate activities. Rather, we study the social and material effects of their interconnections.

In the sections that follow, we will use three vignettes to illustrate how the proposed framework 
might be put to work and how it might be used in the context of education for reflecting on ethics, 
responsibility, and sustainability within professional engineering knowledge.

Response-able engineering practices (through vignettes)

We will now show how the theoretical framework on response-able engineering can be used to 
interpret three stories that lie at the crossroads between engineering innovation and management. 
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Two are taken from research conducted by one of the authors (on wildfire and water management 
connected to climate change). The third – on waste management – comes from the work of two 
other researchers. In line with posthumanist thought and post-qualitative research (Lather & St. 
Pierre, 2013), we understand that the role of the researcher – of us as authors – is not as an outsider 
in the research process but as an agentic actor in the research question, process, and results. This 
being the case, we make the claim that our position – as women researchers who are committed 
to feminist posthumanist practice thought, who both have a background in organizational studies, 
and one of whom (the first author) co-ordinates courses in the social sciences as part of a civil 
engineering program, as well as being a practitioner of art-based methods for sustainable transi-
tions – matters in the way we frame the contribution (epistemological background, choice of cases, 
and analysis), and is assumed to open up new possibilities (results) in understanding, researching, 
and educating on engineering/managing responsibility. The choice of these cases is motivated by 
a desire to show how ethical issues emerge from (engineering) doings and do not pre-exist them, 
and how it is these doings that should be acknowledged.

As we mentioned above, engineering is not treated here as being restricted to what engineers 
do, but rather as an ensemble of practices involving a multiplicity of actors (including engineers 
and other professionals), rules, procedures, materialities, and discourses. Engineering never hap-
pens in a void; it takes place in relation to specific situations that we refer to here as ‘stories’.

Vignette 1. What is wildfire and how to respond to it? Environmental 
caring between policing and collective doings

The increase in the number of wildfires is a widely acknowledged consequence of climate change, 
and in particular of the droughts that are being recorded in different parts of the world, even in 
Northern countries. The need to anticipate this type of risk has become a priority. In this case, we 
focus on the practice of firefighting to highlight how the sociomaterial enactments of a forecast-
ing practice let emerge different modes of existence of fires and different ethos in terms of how to 
respond to them.

It is based on an ethnographic study by one of the authors (Bruzzone, 2019) on the introduction of 
forecasting technology into wildfire fighting in a Mediterranean region and the shift from a reactive 
to a preventive approach to fire based on forecasting the meteorological and vegetation conditions 
that may turn a small outbreak into a devastating wildfire. The practice involves the foresters (who 
are responsible for firefighting), the forecasters (who produce the forecasts), the forecasting data and 
maps, the volunteers (who patrol the areas that might be impacted), and forest in all its forms.

It emerged from a study of the way foresters use forecasting maps that they are just one of the 
elements that contribute to the foresters’ decision as to whether or not to activate the patrolling 
service. As key informants suggested, the decision relies on “a constellation of factors” (Bruzzone, 
2019, p. 58) that are mostly based on the foresters’ professional knowledge and the policing activ-
ity of investigating arson (human-caused fires).

The conceptualization aligning wildfires with arson competes with a second conceptualization 
– that held by the forecasters, who believe that fires are mainly accidental and, therefore, that maps 
can contribute to raising awareness and knowledge of fire and should be distributed as widely 
as possible across the territory, with the intention of improving the forecasts. This would mean 
securing systematic data on their use by the foresters to take preventive action and on the actual 
number of outbreaks of fire in relation to forecasts. Instead, they only receive general aggregate 
information on a monthly basis, which allows them to build on this information and improve the 
forecast to a limited extent.



Organization studies and engineering ethics  

205

In this case, the specific sociomaterial entanglements linked to the use of technology suggest 
that the forecasting technology is not neutral, but rather produces – or reproduces – a certain 
understanding of fire as mostly a criminal activity, and therefore an understanding that wildfire 
prevention mainly involves avoiding criminal acts (while providing the public with general infor-
mation about the risk). In this context, forecasts are considered to potentially coincide with crimi-
nal plans by providing information about the times and zones when and where a fire might have the 
most devastating effect. Their diffusion and use should, therefore, be restricted as much as possible 
(basically, this means restricting them to the authorities in charge of policing).

While the various sociomaterial entanglements that give shape to the forecasting practice mean 
that wildfire emerges as a multiple (there are at least two types: wildfire as an accident versus 
wildfire as a criminal act), each with a different ethos of action and response, the specific configu-
ration of power between human and non-human actors means that the specific ontology of fire as a 
criminal act prevails, and that the response is mainly framed in terms of policing. In other words, 
in the transition from reaction to prevention, control of the definition of risk and the power to relate 
the risk remain unchanged.

This conflict of understandings has important implications, as it excludes other potential uses 
of the forecasting maps and preventive actions addressed to the public, particularly those that 
encourage responsible action among the population. The capacity of response-ability in the case 
of wildfire is therefore restricted to just a few actors who have the power and ability to respond, 
and a more collective response-ability toward fire is held back.

In this case, we can see what an ethico-onto-epistemology approach implies. There is nothing – 
such as fire – that pre-exists the situated practices of firefighting. It is the emergence of knowledge 
of fire and its ontology from the specific sociomaterial alignments that define fire as a crime. As 
we have seen, the introduction of the forecasting technology does not alter this practical under-
standing because it is embedded in the previous approaches to fire. This reaffirms what and whose 
knowledge of fire is legitimate.

However, the forecasting technology opens new potential sociomaterial entanglements – which 
then extend to other humans and non-humans, to citizens and media channels, and so on. This 
enacts a new collective knowing and being of fire as an accident. In Barad’s (2007) words, fire 
emerges from these two “intra-acting” (p. 33) cuts, which bring about different becomings of fire.

Ethics is not separate from these doings and ways of knowing; it also emerges from the intra-
activity of all the entangled elements as specific responses to an ongoing situation. In the case of 
fire, ethics refers to deciding both what matters – what fire is and what counts as firefighting – and 
what is excluded from being relevant as a potential action. In this case, what matters is the specific 
alignment of fire as a crime. It is therefore possible to say that the question of response-ability 
engages a variety of contradictory choices and mattering in environmental caring between policing 
activity and collective doings.

Vignette 2. Competing sociomaterial moralities emerging in a circular economy

In the second vignette, we discuss how value alternatives of responsible recycling do not pre-exist 
but emerge from the different sociomaterial practices at play in the name of the circular economy. 
We focus on an example reported by Laser and Stonewall (2020), in which the dominant practice 
and morality of disassembling iPhones to recover materials silence alternative kinds of practice, 
expertise, and work among those who are engaged in giving iPhones a second life.

Laser and Stonewall (2020) analyze how a high-tech company (Apple) ‘takes responsibility’ 
for the social and environmental degradation associated with e-waste. Apple has recently intro-
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duced two recycling robots that are used to recover precious components – such as gold, platinum, 
silver, and copper that can be recycled – from iPhones, and as a means of reducing an exponential 
rise in e-waste. The initiative is part of their ‘GiveBack’ campaign, which aims to recycle in a ‘safe 
and clean’ way.

Laser and Stonewall (2020) use their research on informal recyclers in the United Kingdom, 
Germany, and India to analyze the types of value generated in the Apple example compared to 
what they observed in the informal sector. They argue that in the case of Apple’s robots, the 
specific alignment of humans and non-humans is problematic because it is intended to relieve 
consumers of guilt and to encourage them to buy new iPhones with a clear conscience. In addition, 
the type of algorithmic knowledge embedded in the robots hides and silences the informal knowl-
edge and skills of those who perform and support repair and reuse practices. While disassembling/
shredding and ‘GiveBack’ practices are becoming dominant across the world, this specific way of 
constructing value and responsibility has come under attack from environmental activists – using 
the slogan ‘Don’t give it to him’ [the recycling robot] – as it conflicts with a culture of repair and 
long-term use of products and supports a logic of planned obsolescence.

In this case, the competing alternative actions and values in relation to what responsible recy-
cling is do not pre-exist: rather, they occur within a sociomaterial entanglement of activities and 
practices. “Creating value is a process of joining together: classifying, grouping, combining, mak-
ing, re-forming. Yet it is also a process where persons, things, parts of bodies, or landscapes are 
disentangled, abandoned, dismissed, or corrupted” (Greeson et al., 2020, p. 5).

Whereas the centrality of morality is normally addressed to humans, we see in this discourse 
that other beings – in this case robots – are also supposed to be the locus of morality. A techno-
cratic solution is the means used by the corporation to take responsibility. However, this reaffirms 
a concept that says that ethics and responsibility are connected to a single company that is willing 
to propose responsible/sustainable products, and to an individual consumer who, by choosing 
responsible or sustainable products, may feel free to continue consuming, or at least less guilty 
about doing so. In this sense, as Rhodes and Pullen (2017) have noted, this understanding of 
responsibility – as codified, or in this case by the use of ‘responsible technologies’ – serves the 
status quo and business-as-usual.

If we apply posthumanist ethics instead, and move away from individual ethics – of an indi-
vidual or a corporation – to ethics as they emerge in sociomaterial practices, we might ask what 
kind of response to the problem of e-waste emerges from the technocratic entanglement based on 
the robotic recycling infrastructure, and what it silences or excludes. In this sense, “the new high-
tech infrastructure in fact does not simply replace the previous recycling and repair efforts (but it 
might make their work more difficult and expensive)” (Laser & Stowell 2020, p. 185). Repairing 
practices are especially an aspect of the informal sector and know-how (or bricolage) of both the 
Global South and the Global North and involve environmental groups and diverse materialities 
engaged in repair and ‘second-life’ practices. In this sense, ethics and response-ability are con-
nected to a texture of practices that are scattered across time and space and which focus on the 
prevention (of e-waste) and combating product obsolescence. This case raises a clear issue in 
terms of politics and democratic processes, as “the robots are representative of Apple’s control, 
relying upon algorithms that ‘black box’ decisions about which recycling practices are considered 
‘optimal’” (Laser & Stowall, 2020, p. 186). In this way, it also ‘black boxes’ the response, which 
is de facto delegated to the technocratic solution (the robot), a practice one might even define as 
a form of de-respons-ability. As the authors suggest, the complexity of e-waste and the patchy 
texture of the practices it mobilizes call for broader democratic debates on alternative ways to 
respond to e-waste.
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Vignette 3. From hydroengineering to situated water engineering

The third vignette describes a case of water engineering as a response to climate change and the 
rise in sea levels. Water is an essential element of urban design and dynamics, and it is key factor 
of climate change; increasingly, storm events and the rise in sea levels are viewed as major threats 
to cities that experience repeated flooding and require adaptive responses.

The traditional approaches to water engineering, which focus on hard defensive infrastructures, 
are no longer considered to be sufficient in the long run, and more sustainable solutions are being 
sought. New ‘soft engineering’ approaches are introducing a new ethos in the name of ‘living with 
water’ or ‘giving room to water,’ in contrast to the traditional logics of ‘containment,’ ‘repulsion,’ 
‘defence,’ ‘separation’ from water, and other standardized solutions.

The vignette we present, which is taken from a study conducted by one of the authors (Bruzzone, 
2012), shows the broader implications of paradigmatic shift such as this. It means rethinking engi-
neering beyond what engineers do and pure technical solutions within a texture of sociomaterial 
practices and through the development of a situated water ethos.

In the 1990s, after many years of employing a well-established tradition of defensive infrastruc-
tures, the Flemish regional water authority decided to counteract the effects of the rise in sea levels 
by developing a huge project of managed retreat that consisted in a controlled flooding of upstream 
low-lying farming areas to prevent downstream urban areas from being flooded.

The regional water authority was accustomed to developing defensive infrastructures and, 
where necessary, as in this case, to carrying out expropriations to compensate farmers and enable 
projects to move forward. On this occasion, however, the project encountered huge opposition 
from a variety of sources: from the powerful local mayor, who opposed interference by the state; 
from environmentalists, because the project would destroy a protected area for birds; from farm-
ers, because the compensation they were to receive would not make up for the loss of the generous 
Common Agricultural Policy (CAP) subsidies; and from local inhabitants, who were alarmed by 
a project that seemed to go in the opposite direction – creating an area that would be flooded! – to 
centuries of defensive infrastructures designed to protect Flanders against flooding. There were 
also fears of an invasion of mosquitoes in the area. The project placed local support for the govern-
ment in jeopardy, and in the end, it was dropped.

The project team – which included a young lead engineer – realized that the traditional top-
down approach of state engineering would not work as a way of legitimizing the intervention.

A new opportunity for the project emerged when it was revised and took shape within a new 
texture of practices. The story, which has been reported following an Actor-Network Theory 
(ANT) narrative (Bruzzone, 2012), highlights the process of ‘interessement’ (Callon, 1986) and 
the sociomaterial reconfigurations that led to the new project. The loss of the bird sanctuary was 
compensated by the development of another protected zone for birds in a different area of the city. 
Some of the farmers were allowed to stay on and dedicate themselves to new farming activities 
while doing some maintenance work. Through a strong communications campaign and the crea-
tion of an on-site information point, the local inhabitants were reassured about the safety of the 
project, and new eco-tourist and leisure activities were included in the project and developed as 
part of it, with the collaboration of environmental groups.

This case highlights the change in the ethos of the project from a top-down water engineering 
approach that excluded and silenced all human and non-human actors to a new project integrated 
into a multiplicity of in situ sociomaterial practices. In modern times, water has mostly been 
treated as an abstraction, a calculation, and a de-territorialized materia (Linton, 2010; Neimanis, 
2017). Pierre Lascoumes (1994) has proposed the term ‘eco-power’ (éco-pouvoir) to refer to the 
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normative and knowledge mechanisms of control and regulation – what Foucault calls bio-power 
(1976, 1977–1978) – which are extended to all living beings (and not just to humans). State engi-
neering has been one of the most powerful incarnations of eco-power, entailing a power to ‘tell the 
risk’ (of flooding, in this case) by means of a variety of mechanisms (maps, technical tools, and 
expertise) which define the legitimate knowledge about the risk and the legitimate response to it.

The current water crisis is, in the first place, a “social crisis” of our imaginaries of water as 
something that is disconnected “from social and ecological relations” (Linton, 2010, p. 14). In our 
example, we move from an imagination of water as being “out there” (Neimanis, 2017, p. 21) to 
an understanding that water and the project are not separate from the location and all the human 
and non-human actors and that they are intra-acting within situated practices.

In this reframing of the imaginary associated with water, engineering can be understood as a 
texture of sociomaterial practices scattered across time and place that takes account of a multiplic-
ity of human and nonhuman actors engaged in the context: it is about farming, maintenance, bird 
inhabitants to be taken care of, the development of new natural areas outside the perimeter of the 
project, and inhabitants and local groups involved in co-creating a situated response to the risk of 
flooding.

In other words, it means making a shift from universal, standardized engineering solutions 
and power to what we call ‘situated engineering’, which is enacted through multiple sociomate-
rial agencements. In this sense, response-able engineering means moving away from providing 
a response to (a situation or a risk) to engaging in responding with a plurality of human and 
non-human actors, knowledge, practices, and discourses. In other words, a relational ethics of 
engineering entails overcoming traditional separations (such as nature versus society, or legitimate 
knowledge and power versus recipients of knowledge and power) that emerge from local collec-
tive knowings and doings. Finally, if, as we have claimed, ethics emerges from practices, and if, to 
paraphrase Latour (1984), engineering is politics by other means, then we acknowledge the lack 
of separation between engineering ethics and politics.

Concluding remarks: implications for response-able engineering education

We began this chapter by proposing a theoretical framework that mobilizes response-able engi-
neering as emerging from situated doings, collective knowing, sociomateriality, and a texture of 
practices. We then used this framework to relate three stories and show how response-able engi-
neering emerges (or does not emerge) from these situations. We will now conclude by reflecting 
on what the approach we have called ‘ethics-in-practice’ means in terms of engineering education.

Despite the differences in content and the issues at stake, we can observe some common pat-
terns in these stories that refer to the elements and questions raised in the theoretical framework. 
In each of them, we see how engineering unfolds as a specific agencement of humans, technology, 
rules, and discourses that do not take place abstractly but rather in a specific time and space. Just as 
engineering practice is situated, so is the engineering ethics that emerges from this agencement and 
response-able engineering, which is accomplished in situ. In each case, we see that the definition 
of the problem, the knowledge of it, and the ethical questions associated with it are not pre-existing 
but are generated by the agencement of human and non-human actors, technology, and discourses. 
Ethics is an emerging question about the different ways to handle a problem and the possible 
responses to it, which might exclude other possibilities and capacities to respond. It may involve 
new definitions of a problem such as wildfires and the responses that emerge from the introduc-
tion of forecasting technology, and which may question established power relations; competing 
ways of taking responsibility for e-waste between technocratic solutions that promote the status 
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quo (and business-as-usual) and more collective preventive actions; or the need for engineering 
to move away from technical problem-solving to situated engineering-with and response-ability.

In all these cases, knowledge is produced both in situated practices and from what counts as 
legitimate knowledge. Knowledge of fire and how to prevent it is developed out of the forecasting 
practice and is also based on established prior forestry knowledge. In the second case, knowledge 
about e-waste and the possible solutions and ethical implications are developed within parallel and 
competing networks in which one is more legitimate than the other. In the third case, a method for 
dealing with flooding is also produced in situ in the form of a shift in what can be considered legiti-
mate knowledge from a standardized technical solution to deal with risk toward a more composite 
and situated solution developed with the territory.

In all these cases, sociomateriality is a central element of the agencement of the practice in 
question and plays a key role in the manner in which response-ability is organized: in the first 
case, the forecasting tool is at the heart of possible alternatives for responding to wildfires (should 
it only be used for policing activities or should it be shared with the wider public to raise aware-
ness and promote collective care for the territory?). In the second case, the robot is an artifact 
that black-boxes e-waste issues and all the decisions about what e-waste is and how to respond to 
it. The composite materiality of the last case – a 1,500-acre flood-control area made up of a mix 
of dikes, pumps, sluices, arable land, wild flora and fauna, animals and plants, cycle paths, and 
so on – plays a core role in the shifting response: should the situated heterogeneity be taken into 
account when preparing the response (a response-with) or should it be disregarded in the name 
of the raison d’Etat of which standardized engineering knowledge is one of the most powerful 
expressions?

Finally, all the stories emerge as connections of different practices, between previous ‘re-active’ 
practices and new preventive practices that engage a plurality of actors in the first case, and con-
sumer practices, disassembling and value chains for re-valued materials, and a plurality of invis-
ible practices of recycling scattered across the informal circuits of the Global South and North in 
the second. We have shown that the texture of practice is the same as the one response-ability is 
built upon and through which it should be acknowledged.

Response-able engineering education should, therefore, focus on a pedagogical perspective 
in which learning is not a matter of reproducing previously provided knowledge (Barad, 2007; 
Lenz Taguchi, 2011; Zembylas, 2018) but rather develops new knowledge via a greater affec-
tive involvement in and commitment to studies on the part of students. Learning from situated 
cases – or stories, as illustrated in this chapter – would allow engineering students to immerse 
themselves in professional practices and situations where the complexity of ‘everyday dilemmas’ 
requires them to think about situations, thus training their capacity for responsiveness. Therefore, 
collaboration between practitioners and academia should be enhanced, as fieldwork practices may 
provide the living material to train and develop forms of responsiveness among students. This 
would enable filling the gap between professional practices and engineering education and enable 
cross-fertilization.

By extending certain pedagogical approaches from the field of organization and management 
to ethics in engineering education (Bruzzone, 2022), we have outlined several principles that may 
be a source of inspiration for grounding ethics in professional practices. First, students should be 
encouraged to bring their everyday ethical dilemmas and experiences into their curriculum and 
learning processes. For teachers, the same principle means viewing pedagogy as a sociomaterial 
assemblage and the locus where specific possibilities and impossibilities arise. For example, they 
might consider the extent to which their educational methods are inclusive and speak to student 
diversity.
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Second, an approach to engineering education grounded in ethics as situated and emergent in 
both professional and interprofessional practices would shift the focus away from ‘what engineers 
do’ – an individual approach – to how response-able engineering can emerge from a texture of eve-
ryday situated practices. As a further principle, we also suggest breaking down the barriers around 
the discipline and multiplying the capacity for vision by borrowing methodological approaches 
from other areas; aesthetic learning processes (Burman, 2014; Styrke, 2015), for example, address 
sensorial and embodied types of knowledge (not just cognitive knowledge) that have also been 
proven to be very valuable in engineering education (Bruzzone & Stridsberg, 2023). Lastly, as we 
have claimed and illustrated in our three vignettes, there is no separation between ethics and poli-
tics, and engineering education should focus more carefully on the political and moral implications 
of engineering knowing and doing, as well as on its collective and distributed character in society. 
This is not an option for the future; it is a way of responding to today’s posthuman condition and 
to the call of others.

Note
1 Agencement has been used as a philosophical term by Deleuze and Guattari (1987) with the sense of ‘in 

connection with,’ which gives a first good approximation of the term. The problem, however, is that its 
translation into English as ‘assemblage’ has changed the original meaning. The French term, in fact, has a 
processual connotation – the idea of establishing or forming an assemblage. It focuses on process and on 
the dynamic character of the inter-acting between the heterogeneous elements of the phenomenon. While 
a certain use of the term ‘assemblage’ risks rigidifying the concept into the thingness of final or stable 
states, the French term agencement works as an evocation of emergence and heterogeneity.
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Introduction

Engineering design is often considered central to engineering practice (van Gorp & van de Poel, 
2001). According to Archer (1992) engineering design is “directed towards meeting a particular 
need, producing a practicable result and embodying a set of technological, economic, marketing, aes-
thetic, ecological, cultural and ethical values determined by its functional and social context” (p. 8). 
Devon and van de Poel (2004) claim that design is “quintessentially an ethical process” (p. 461), con-
tending that “ethics is not an appendage to design but an integral part of it” (p. 461). The decisions 
made during engineering design are thus critical in determining an engineering artifact, process, or 
technology’s impact on society. When examining modern design more broadly from a philosophical 
perspective, Parsons (2016) identifies three aspects of the process involving ‘design ethics’: (1) when 
designers face ethical issues applying norms and rules during design, (2) when choices are made 
regarding what is designed, and (3) when designs modify or change existing conceptions of ethics.

The social form of inquiry involved in design and the ill-structured nature of the problems has 
led to design being defined as a reflective practice (Schön, 1987), highlighting the importance of 
considering societal impacts and ethics in engineering artifact, process, and technology develop-
ment. Engineering training, however, does not appear to adequately prepare students to assume 
professional and ethical responsibility for the societal impacts of technology; students and recent 
graduates often have difficulty connecting social consciousness with user needs. Considering user 
needs reflects a commitment to designing solutions prioritizing user well-being and satisfaction, 
ensuring that benefits are distributed equitably. This ethical stance fosters a sense of social respon-
sibility. However, “engineering education has been described as characterized by a ‘culture of 
dis-engagement’ in which ethical and societal concerns are constructed as different from, and 
less important than, purely technical concerns” (Lönngren, 2020, p. 44). There is evidence that 
the nature of programs can diminish students’ inclination toward ethical discourse. For instance, 
empirical analyses have revealed a decline in students’ interest in public welfare as they progress 
through their education (Cech, 2014). Moreover, in a study by Tormey et al. (2015), the moral 
reasoning of Swiss engineering students appeared to diminish during a period of ethics instruction 
– something the research team attributed to a hidden curriculum that encourages students to adopt 
an epistemology-based application of established principles and laws.
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The approach taken by students when identifying customer needs is often limited to conducting 
surveys and organizing focus groups early in the process (Bairaktarova et al., 2016). Consequently, 
students tend to treat needs as a checklist of requirements to use as inputs in their design pro-
cesses. To address this situation, there is a need for interventions that enable students to cultivate 
a more socially conscious level of understanding. This shift towards considering user needs aligns 
with essential engineering ethical principles such as honesty, integrity, and fairness in the design 
 process.

While we recognize that the impact of engineering work has led to an emphasis on broader 
issues such as sustainability, social responsibility, and ethics, our chapter focuses explicitly on eth-
ics in engineering design, acknowledging that these ethical considerations are a vital and distinct 
component of the broader societal concerns within the field of engineering. We outline the defini-
tion of engineering design before introducing ways to classify engineering design. The stages of 
the engineering design process are explained so that we may understand how ethics relates to each 
stage. We then discuss the ethical implications of the social nature of engineering design. The 
subsequent sections focus on teaching ethics within engineering design and various educational 
models we may use. Finally, we share insights from Science and Technology Studies (STS) and 
end the chapter with concluding remarks, recommendations, and future directions.

Before that, we outline the ways our positionality impacts our work. Our perspectives and 
insights, shared in this chapter, are enriched by our backgrounds and experiences. Having all come 
from engineering and science backgrounds, we acknowledge the need for engineering researchers 
to challenge the myth of objectivity in research. We, therefore, took part in an exercise to surface 
our interpretive lens, and a summary is shared to inform the interpretation of the chapter presented.

Diana, with nearly 15 years of experience as a design engineer and a decade dedicated to engi-
neering education and research, embodies a strong commitment to addressing the ethical dimen-
sions of engineering and nurturing a holistic perspective in the field. Throughout her industry 
career, she often encountered ethical dilemmas that the engineers involved seemed ill-equipped to 
navigate effectively. Diana’s experience revealed that engineering solutions frequently fail to pri-
oritize user needs; her realization of this led Diana to transition to academia, pursuing an advanced 
degree in engineering education. Her mission is unwavering – to educate the next generation of 
engineers with a strong ethical foundation and an innate ability to empathize with the end user. She 
seeks to address challenges impacting people’s everyday lives, using her expertise to nurture and 
elevate the engineering profession.

Natalie has been an engineering academic for 4 years. During her academic career, she has 
started to question who and what engineering is for and who benefits from and suffers from the 
cost of engineering decisions. She takes a broadly philosophical approach and is inspired by STS 
ideas. She enjoys incorporating the social sciences into teaching, which partly results from a 
conflict between personal and professional identity. She now leans towards qualitative research 
approaches. Her motivation to participate in this work was to collaborate with those with different 
experiences and develop her knowledge further. She considers herself an expert neither in engi-
neering nor ethics but is trying to navigate the interface between them.

Mauryn has been an engineering academic for 7 years. She has worked on refining the con-
tent and pedagogical approaches involved in teaching engineering design and professional skills, 
particularly to first-year undergraduate engineering students. She has considered philosophical 
and practical approaches to integrating themes around ethics, social responsibility, equity and 
inclusion, and responsible innovation into engineering design. Having completed a Ph.D. in engi-
neering sciences, she sought to develop competence in education and social science research tech-
niques to deepen her understanding of research-informed approaches to her work. This led to her 
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undertaking a postgraduate engineering education degree, and she now uses the research skills she 
gained to support educational developments in the engineering curriculum. Although her expertise 
is broader than the focus presented in this chapter, it has served as a great learning opportunity and 
a valuable interfacing of knowledge between herself and her fellow authors.

Our chapter benefits from these perspectives, fostering a holistic understanding of ethics in 
engineering design that encompasses practical, philosophical, and ecological dimensions, thus 
providing a comprehensive view of the subject.

Engineering design: types of design and the design process

Design, according to Petroski (1998), is what most distinguishes engineering from science: 
“Design is a process through which one creates and transforms ideas and concepts into a product 
that satisfies certain requirements and constraints” (p. 5). Brey (2022) provides a fuller under-
standing of design, emphasizing that it is an all-encompassing term and a core activity of society, 
pointing to fields such as craft and applied arts, fine arts, architecture, and applied social sciences. 
In differentiating engineering design, he relies on the ABET definition: “the process of devising 
a system, component, or process to meet desired needs. It is a decision-making process (often 
iterative), in which basic science and mathematics and engineering sciences are applied to convert 
resources optimally to meet a shared objective” (ABET, 2018, p. 5). Engineering design is thus 
considered an activity carried out only with specialized training (e.g., ideation through free-hand 
sketching, CAD modeling, prototyping), knowledge, and methods for applying this knowledge.

Types of engineering design

The engineering design process can manifest in several ways, resulting in various, although some-
times overlapping, types of design. According to van Gorp and van de Poel (2008), how engineers 
address ethical issues depends on the type of design process used, and it is thus useful to consider 
these typologies. Vincenti (1990, 1992) categorizes engineering design processes using two dimen-
sions: hierarchy and type. Concerning the former, the degree of external constraint is larger for 
design processes lower in the design hierarchy as the higher levels pose constraints (e.g., dimensional 
constraints, or constraints concerning functionality) on lower levels (Vincenti, 1990). An example of 
this is provided by van de Poel and van Gorp (2006), who describe piping and equipment design for 
(petro)chemical plants as being at the lower levels of the hierarchy. The design process and the prod-
uct and chemicals involved are at higher levels and are also within the control of the petro(chemical) 
company. Engineering firms contracted to design piping and equipment need to adhere to economic 
and practical (e.g., space constraints) requirements as well as safety codes, regulations, and stand-
ards, all of which place external constraints on the design. Fulfilling multiple requirements imposed 
by such constraints thus results in ethical questions such as: What is safe enough?

A design can then be considered either normal or radical. In normal design, both operational 
principle (Polayni, 1962), how the design works, and the normal configuration or “the general 
shape and arrangement that are commonly agreed to best embody the operational principle” 
(Vincenti, 1990, p. 209) remain the same as in previous designs. In contrast, in radical design, the 
operational principle and/or normal configuration are unknown. According to van Gorp and van de 
Poel (2008), most decisions made during normal design are based on regulative frameworks (e.g., 
minimum safety requirements). Frameworks can also be used during radical design; however, the 
absence of normal configurations and operational principles may mean they are less applicable. 
In these latter cases, decisions are primarily made based on design team norms. The DutchEVO 
has been described (van de Poel and van Gorp, 2006) as a radical design. Its lightweight design 
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meant a standard configuration could not be used and this led to questions and discussions regard-
ing how safety could be operationalized. Through such examples, the importance of such distinc-
tions becomes clear in that they shift responsibility from the engineering community and society 
involved in the formulation of regulations to the individual design engineer, thus having implica-
tions for trust in engineering and its products.

Brey (2022) describes a similar dichotomy between routine design and innovative or creative 
design. He defines routine design as “design that proceeds within a well-defined state space of 
potential designs, where all variables, their applicable ranges, and the knowledge to compute their 
values are directly instantiable from existing design prototypes” (Brey, 2022, p. 32). This is con-
trasted with innovative or creative design, which ventures beyond these established parameters.

We can also categorize engineering design in several ways, such as original, adaptive, redesign, 
selection, product, and industrial (Dieter & Schmidt, 2021). Original design, which incorporates 
the use or application of novel technologies, requires the result (be that a tangible or intangible 
artifact) to be unique. In contrast, adaptive design modifies an existing solution to fulfill differ-
ent requirements or applies it in a novel way. Re-design aims to significantly improve an existing 
design and tends to result in enhanced service, function, and/or capability. Many tangible designs 
use manufacturer-supplied components with specified properties, performance attributes, quality, 
and cost, with components selected based on required properties. While the terms ‘product design’ 
and ‘industrial design’ tend to be used interchangeably depending on the engineering discipline, 
their target markets differ. Both designs aim to design a consumer product to be sold – but whereas 
this is a primary goal of ‘product design,’ ‘industrial design’ focuses more on the interface between 
the consumer and the product. For example, in industrial design, the end user may not be the typical 
customer in the public market as its primary goal is to create enhanced designs for manufacturers. 
When these products are commercialized, the target market is a niche one, which, in turn, may have 
broader access to sell to the public.

We will now focus on the stages of the engineering design process and investigate how ethical 
principles apply at each stage.

The engineering design process

The engineering design process has several distinct stages with unique characteristics and chal-
lenges. It begins with identifying the problem and progresses through the development of solu-
tions, prototyping, and testing. Van de Poel (2000) distinguished the following five points of 
ethical relevance during the engineering design process:

 1. The formulation of goals, design criteria, and requirements and their operationalization.
 2. The choice of alternatives to be investigated during a design process and the selection among 

those alternatives later in the process.
 3. The assessment of trade-offs between design criteria and decisions about the acceptability of 

particular trade-offs.
 4. The assessment of risks and secondary effects and decisions about the acceptability of these.
 5. The assessment of scripts and political and social visions that are (implicitly) inherent in a 

design and decisions about the desirability of these scripts. 
(p. 3)

The first stage involves choices regarding what problems we decide to solve and who benefits – 
decisions that Chan (2018) claims must “presume some fundamental ideas of what is a good or 
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worthwhile life,” with ideals “usually (being) tempered within the parameters of some acceptable 
rules or obligatory norms” (p. 186). Multiple stakeholders are involved in formulating design 
criteria, both by detailing specific requirements and through general legislation (van Gorp & van 
de Poel, 2001). While some see the role of engineers as morally neutral, their being responsible 
for finding the best possible technological solution within constraints, van Gorp and van de Poel 
(2001) argue that how something is designed influences who will use it and for what purpose. 
Again, making use of the DutchEVO example, van Gorp and van de Poel describe how design 
will determine the person’s physical ability to drive. They explain that the relationship between 
the user and a product impacts emotional sustainability. Therefore, if people enjoy their car, they 
might use it more often, leading to unsustainable behavior.

Later stages of the process include concept design during which creativity can bridge oppos-
ing moral values (van de Poel & Royakkers, 2011). During this stage, we may use what Johnson 
(1993) refers to as moral imagination, “an ability to imaginatively discern various possibilities 
for acting in a given situation and to envision the potential help and harm that are likely to 
result from a given action” (Johnson, 1993, p. 13). For example, van de Poel and Royakkers 
(2011) describe a plan to close the Eastern Scheldt in the Netherlands after a flood disaster. 
Environmentalists and fishermen opposed the closure, and thus, ecological care and safety val-
ues were posed against one another. A storm surge barrier allowing water through, but that was 
to be closed when a flood threatened, was posed as a creative compromise balancing safety and 
environmental concerns.

The simulation stage involves ensuring concept designs meet design requirements and consid-
eration for the desirable or acceptable level of reliability in predictions (van de Poel & Royakkers, 
2011). Although prediction reliability is a methodological issue, the reliability of predictions is 
considered a moral concern depending upon what is at stake. For example, in the case of nuclear 
power plants, for which failure is catastrophic, reliability would be considered more important 
than in simulations associated with everyday devices.

The decision stage involves analyzing simulation results alongside original requirements to 
compare concept designs and determine trade-offs and compromises that need to be made (van 
de Poel & Royakkers, 2011). This is particularly significant when considering the multiplicity of 
stakeholders involved, which will be discussed further when considering trade-offs and introduc-
ing Constructive Technology Assessment (CTA).

During detailed design, the selected design is elaborated, and such ethical questions as the 
choice of materials and their associated risks and health/environmental impacts are addressed (van 
de Poel & Royakkers, 2011). The subsequent prototype development and testing involves moral 
judgments about the extent to which tests represent circumstances in which designs are eventually 
used.

Finally, the manufacture and construction stages involve considering ethical issues such as 
labor conditions, emissions, and use of hazardous materials (van de Poel & Royakkers, 2011). 
Engineers must consider the moral issues raised by risks and hazards of designs and make deci-
sions concerning the acceptability of these risks. This process typically involves attempts to char-
acterize the risks involved, for example by conducting a risk assessment that considers factors 
such as failure modes, exposure, consequences, and probability, followed by the need to answer 
an ethical question regarding the acceptability of risk. Van de Poel and Royakkers (2011) outline 
four potential ethical considerations: informed consent, whereby risks are seen as more acceptable 
if those at-risk consent to involvement in the relevant activity (e.g., an experiment); assessing 
whether advantages outweigh disadvantages; the availability of alternatives for the best avail-
able technology; and, finally, the distribution of risks and benefits. These methods assume risks 
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can be, at least to some extent, predicted. However, there is an increasing need to focus on cases 
with uncertain hazards associated with new technology. In such cases, the precautionary principle, 
which originated from the Rio Declaration (United Nations, 1993), is proposed. Sandin (1999) 
defines its four dimensions as threat, uncertainty, action, and prescription. Ethical considerations 
are also relevant when understanding the degree to which designs solve the original problem and 
address user needs. Findings often lead to adjustments in the design process, such as in response 
to engineering disasters (e.g., Ermer, 2008), or inform future designs, especially when engineering 
innovations are misused or not applied as intended, as documented in other cases (e.g., Leydens & 
Lucena, 2018; Lucena et al., 2010; Riley, 2008).

The ill-structured nature of design problems means that not all design criteria can be met simul-
taneously, and there is a need for compromises throughout the design process. Decisions about 
which trade-offs are acceptable are normative in nature (van Gorp & van de Poel, 2001), with ethi-
cal decisions being made when moral values, such as safety and sustainability, are at stake. These 
trade-offs can be determined in a variety of ways, three of which are listed below.

Cost–benefit analysis: alternatives are compared based on their advantages and disadvantages 
expressed in monetary terms. Contingent validation, an approach used to express non-eco-
nomic values (e.g.,, safety) in monetary terms, can be seen as problematic because of the 
incommensurable nature of values (van de Poel & Royakkers, 2011). One issue is how a 
choice is made once analysis is carried out. For example, it may be that the option with the 
highest net value is chosen or that all options having an overall advantage are eligible for 
selection based on other ethical criteria.

Thresholds: these are commonly used in technical codes and standards defining the minimum level 
of a design criterion that should be met.

Multi-criteria analysis: involves scoring and comparing options based on specific criteria. It 
assumes various design criteria can be measured using the same scale and that an ethical deci-
sion can be made based on relative weightings.

Although these methods introduce a somewhat systematic approach, what happens in reality can 
be different. Such trade-offs involve numerous stakeholders with varying opinions about what 
constitutes an acceptable one (van de Poel & Royakkers, 2011), and design is typically considered 
to be a social process, as discussed next.

Design as a social process: exploring individual and co-design dynamics

Engineers navigate a space consisting of “conflicting goals … non-engineering success standards, 
non-engineering constraints, unanticipated problems, distributed knowledge, and collaborative 
activity systems” (Jonassen et al., 2006, p. 139). Van Gorp (2005) argues that design should be 
considered a social process, saying that “choices are made in, and by groups of people. During 
the design process, communication, negotiation, argumentation, (mis)trust between engineers and 
power differences between engineers influence the design” (p. 29). These social arrangements 
for making decisions in a design process are referred to as social ethics, and project management 
structures may ensure the correct processes are in place for ensuring that moral values such as 
safety remain paramount.

As the social nature of design suggests, it is difficult to discern the responsibilities of an indi-
vidual engineer. Chilvers and Bell (2018) assert that increasing focus on normative goals “focuses 
attention on the agency of engineers within sociotechnical networks where these same networks 
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can both enhance and constrain engineers’ capacities to contribute to positive change” (p. 205). 
However, Devon and van de Poel (2004) suggest ways to improve the design process, highlighting 
three example issues that may be considered from a societal ethics perspective. First, the division 
of design tasks and allocation of roles and responsibilities have implications for the distribution 
of responsibility. Second, how decision-making takes place and what opportunities exist to revise 
decisions can influence the likelihood of ethical choices. Finally, the degree to which various 
stakeholders, including those affected by the product, are included (or excluded) from the design 
process can affect the decisions made.

In many ways, the ethical decision-making process parallels the engineering design process. 
This comparison was supported by Bero and Kuhlman (2010); they drew parallels between the 
general engineering design process defined by Dominick et al. (2001) and the ethical decision-
making process defined by Martin and Schinzinger (1996); see Table 12.1.

One of the key stakeholders in the design process is the user, whose needs, preferences, and 
experiences must be carefully considered to create products and systems that effectively meet their 
requirements and expectations.

Understanding users through design

Engineering designers need to consider not only how their design presents a solution to a con-
sumer problem but also what aspects of the design may cause concerns for customers. For this 
reason, the approaches and tools used by designers have changed dramatically over the last three 
decades: engineering designers now focus on user needs in each phase of the process to create 
highly usable, accessible, and valuable products. These different design approaches have evolved 
in response to the changing landscape of technology, societal values, and the recognition of the 
pivotal role of users in the design process. They have unique historical roots and disciplinary 
applications, allowing designers to select the most appropriate approach depending on the specific 
context and objectives of design projects.

User-centered design 

User-centered design (UCD), sometimes referred to as human–computer interaction (HCI), traces 
its roots back to the mid-twentieth century when the field of computer science recognized the need 
to accommodate human capabilities and limitations. Pioneers like Don Norman and Jakob Nielsen 

Table 12.1  Comparison of the stages of engineering design and ethical decision-making (adapted from Bero 
and Kuhlman, 2010)

Step Engineering design process Ethical decision-making process

1 Problem identification Identification of moral factors relevant to the case
2 Definition of the constraints Identification of conflicting moral factors and definition 

of dilemmas
3 Ideation Ranking of moral theories

 
4 Initial design of potential design 

solutions
Generation of various options for action and potential 

consequences of each action
5 Design selection and detailed design Making the decision
6 Implementation of final design Enacting the decision
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significantly influenced the development of UCD. In this approach, engineering designers focus 
on the user’s inherent way of doing things. According to the literature, UCD focuses on four main 
activity phases (Harte et al., 2017):

 1. Specify the user and the context of use.
 2. Specify the user requirements.
 3. Produce design solutions.
 4. Evaluate designs against requirements.

UCD emphasizes iterative design, incorporating user feedback throughout. It is often applied in 
software development and digital interfaces, where user experience is critical – as applied in engi-
neering, UCD tends to focus on developing products and related experiences that are functional, 
valuable, useful, and usable.

Human-centered design

Human-centered design (HCD) shares historical origins with UCD but has a broader applica-
tion, encompassing a variety of design domains. It acknowledges that human interactions extend 
beyond the digital realm. HCD has evolved to include architectural design, industrial design, 
and other fields. Sometimes referred to as participatory design, this approach focuses on incor-
porating users’ thinking, behavior, and emotions into design to better understand their needs. It 
is often associated with engineering disciplines related to social impact, including biomedical 
engineering (e.g., prosthesis design) and biochemical engineering (e.g., manufacture of vac-
cines). HCD incorporates the steps used in UCD in addition to considering ways to connect with 
the customer:

• Understanding the end-user
• More clearly defining the problem
• Brainstorming potential solutions
• Creating prototypes
• Testing and refining with a particular focus on minimizing risk and maximizing safety

HCD is characterized by its holistic approach, considering both the user and the broader human 
context, including cultural and societal factors. It finds application in diverse industries, from 
product design to urban planning.

Empathic design

Empathic design, also known as empathetic design, was introduced by industrial designer Roger 
Martin in the 1980s. It emerged as a response to the limitations of traditional, functionalist design 
approaches.

Design practitioners (Koskinen et al., 2003; Mattelmäki & Battarbee, 2002; Suri, 2003) argue 
that empathy is a human quality that designers need to develop and enhance to meet customer 
needs by creating products that are useful and practical yet meaningful. Battarbee et al. (2002) sug-
gest that for designers to empathize with the users, they should extend their perspectives by putting 
themselves in the users’ shoes. Koskinen et al. (2003) and Fulton Suri (2003) argue that being an 
empathic designer involves engaging in specific activities to imagine being in the users’ position. 
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Empathic design is often employed where emotional connections with the user are paramount, 
such as healthcare or product design. Considering that empathy – as described by the psychologi-
cal literature – includes both affective and cognitive components, Kouprie and Visser (2009, p. 
445) propose an empathic design framework comprised of four phases that can help designers 
develop and apply techniques and tools in design:

 1. Discovery – Entering the user’s world; achieving willingness.
 2. Immersion – Wandering around in the user’s world; taking the user’s point of reference.
 3. Connection – Resonating with the user; achieving emotional resonance and finding  meaning.
 4. Detachment – Leaving the user’s world; designing with a user perspective.

Value-sensitive design 

Value-sensitive design (VSD) emerged in the early twenty-first century as a response to the 
growing importance of ethics and societal values in technology and product development. This 
approach considers the relevant ethical values in a systematic manner (Friedman et al., 2006). It 
involves both consideration of evidence regarding the experiences and values of those affected by 
designs, making trade-offs among these values, and technical investigations analyzing designs to 
determine the extent to which they meet morally relevant values.

VSD is inherently ethical, aiming to ensure that design choices align with fundamental human 
values. It has found prominence in domains such as information technology and artificial intel-
ligence, where ethical considerations are critical to ensuring that technology aligns with societal 
values. For example, during VSD, empirical investigations can be conducted to determine the role 
various values play in influencing behavior, and technical investigations to determine the degree 
to which technology supports or discourages specific values.

While all these theoretical frameworks and types of design provide valuable insights into how 
design is conducted, it is equally important to explore how these approaches, including ethical 
considerations, are effectively taught and integrated into design education to empower the next 
generation of designers. For more on VSD teaching methods, see Chapter 22.

Ethics of design in engineering education

In the context of engineering education, the act of design takes on a profound ethical dimension. 
Designing is inherently transformative, with each change to the environment raising questions of 
responsibility, values, and consequences. As designers engage in this process, they alter not only 
their surroundings but also their own ethical awareness. This ethical interplay is underpinned by 
the concept of situatedness, closely linked to the work of John Dewey, and constructive memory 
(Newman & Holzman, 1997). These ideas form the ethical foundation upon which engineering 
students ground their knowledge within the dynamic situations they construct during their design 
interactions.

Situatedness and constructive memory thus provide the conceptual bases for grounding the 
knowledge of designers in the situation being constructed by their interactions with the environ-
ment (Greeno et al., 1996). Situated theories have purposefully been used to understand learn-
ing as context-specific social processes by characterizing cognition as being socially shared 
(Clancey, 2012; Newman & Holzman, 1997). These ideas are rooted in John Dewey’s early 
objections to stimulus-response theory (Newman & Holzman, 1997). For more on situatedness, 
see Chapter 11.
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Within the landscape of engineering education, it is crucial to acknowledge a significant dis-
sonance. Fry (2009) astutely notes that design ethics is “massively underdeveloped and even in 
its crudest forms remains marginal in design education” (p. 34). The predominant focus within 
engineering ethics education has traditionally centered on individual ethical considerations and 
applying normative ethical theories. This approach, however, falls short of addressing the intricate 
web of social ethics inherent in the design process, which relies on social relations and communal 
decision-making structures (Devon & van de Poel, 2004). In response to this disparity, advocates 
for a more holistic approach to design ethics, such as Kirkman et al. (2017), propose a paradigm 
shift. They advocate for design ethics courses that immerse students in complex problem situa-
tions, equipping them with tools and guidance to navigate and make sense of scenarios. Kirkman 
et al. see these tools as the “very idea of an ethical value, along with schemas and appropriate 
vocabulary for framing and reframing problem situations, developing options, and sorting and 
connecting ethical values implicated in those options” (p. 3). Such approaches bridge the gap 
between engineering education and the encompassing reality of ethical considerations in practice, 
preparing students to tackle the intricate, multi-dimensional challenges they will face.

Educational models

Several efforts have focused on incorporating existing design frameworks in the classroom. Below 
we provide some educational models, including curricula and program reform related to ethics of 
design in engineering education.

Design for sustainability – Product Realization for Global Opportunities is a hybrid course 
offered to students in the United States and Brazil to initiate collaboration on projects focus-
ing on designing products that could improve housing, living conditions, and personal security. 
Undergraduate engineering and business students applied sustainability framework in designing 
new technologies (Mehalik et al., 2008).

Eco-design – Delft University of Technology (TU Delft) offers six bachelor’s and master’s-
level courses focused on eco-design (Boks & Diehl, 2006). The leadership at TU Delft modified 
existing courses to include corporate social responsibility (CSR) principles, further emphasizing 
the importance of including a holistic sustainability perspective.

Empathic design – Empathic techniques have been integrated into capstone design (Guanes et 
al., 2021) and product design distance-learning courses for geographically distributed master’s-
level engineering students (Bairaktarova et al., 2016) to provide immersive design experience 
in ill-structured problems and design decision making. Other scholars have used a more formal 
method – the Empathic Experience Design (EED) Method (Genco et al., 2011; Johnson et al., 
2014) – during the conceptual design phase of the design process with senior-level students.

Design for development – Nieusma and Riley (2010) showcased several universities in Sri 
Lanka and Nicaragua partnering with US universities that apply specific development interven-
tions considering engineering as a professional activity with social justice goals.

Human-centered design – Engineering Projects in Community Service (EPICS), founded at 
Purdue University in the late 1990s, is a service-learning design program where multidisciplinary 
teams of undergraduate students partner with community organizations at local and global levels 
to address human, community, and environmental needs.

Both HCD and service-learning programs have been considered as “rich sites for exploring engi-
neering students’ ethical decision-making” (Corple et al., 2020, p. 264). In their work on understand-
ing ethical decision-making in engineering design, Corple and colleagues applied the four principles 
of Beever and Brightman’s (2016) framework of reflexive principlism: beneficence, providing ben-
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efits to society; non-maleficence, avoiding causing harm; autonomy, respecting the agency of indi-
viduals in decision-making; and justice, distributing risks, benefits, and costs equitably among all 
individuals. In so doing, they examined students’ descriptions of (a) engineering design decision-
making to determine (b) where the principles emerged and (c) how they shaped students’ sense-
making regarding beneficence, or what is good, throughout the design process. Corple et al. found 
that students demonstrated more ethical sensitivity when working closely with project partners and 
users throughout the engineering design process, particularly during the last phase when they deliv-
ered their product to partners and users and were required to question if their decisions were ethical. 
In comparison, students distanced from project partners did not incorporate user/partner needs and 
concerns into their engineering design decisions intentionally or consistently. However, Corple et 
al. (2020) highlighted that a strong emphasis on users might lead to students over-associating ethical 
concerns with user concerns at the cost of considerations for secondary stakeholders or environmen-
tal impacts – something they describe as outsourcing ethical decision-making to users and project 
partners and not considering the breadth of potential ethical implications of decisions. They con-
clude by suggesting that educators use ‘reflexive principlism’ to identify and display students’ intui-
tive ethical decision-making during engineering design, enabling them to help students apply ethical 
frameworks in prescriptive ways. Corple et al. (2020) offer the following suggestions to educators:

 1. Have students write down how they navigated ethically challenging engineering design 
decisions and what their decision-making processes were and why.

 2. Use Beever and Brightman’s (2016) text to teach students the four principles of reflexive 
principlism and describe how they may materialize in engineering contexts.

 3. Ask students to examine their written decision-making processes to identify if and where the 
moral principles appear in their thinking.

According to Bowers (1998), although the ethics of technology is often included in specialized 
courses in Science and Technology Studies (STS), this topic is generally not found in general 
engineering courses. Dyrud (2017) suggests introducing cases that focus on artifacts developed 
by engineers – for example, illustrating the non-neutrality of technology using the example of the 
IBM tabulator that read punch cards that stored detailed information about Jews in Nazi Germany. 
Concerning the inclusion of CSR in the design curriculum, researchers suggest that CSR directly 
influences the ethical behavior of engineers (Hutchins & Sutherland, 2008).

Insights from Science and Technology Studies

As demonstrated throughout this chapter, particularly in the section on design as a social process, 
engineering design involves the decisions of individuals within groups. Such ideas are linked 
strongly to those from STS and the philosophy of technology. According to Manzini and Cullers 
(1992), design ethics within engineering and technology focuses on choices about the side effects 
and risks posed by modern technology as opposed to everyday design decisions and practice. 
Similarly,Verbeek (2011b) reminds us that the products of engineering and technological design 
mediate actions and experiences of users, irrespective of the degree to which designers engage in 
ethical reflection.

Technological mediation (Ihde, 1990; Latour, 1992; Verbeek & Crease, 2005) concerns how 
technological artifacts (co)shape human perception and behavior. It can influence moral decisions 
(Ihde, 1991) and “can have systematic tendencies to promote values of tendencies to promote or 
benefit values, such as privacy and sustainability, as well as harm or detract from them” (Brey, 
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2022, p. 408). Firstly, mediation of perception involves influencing people’s sensory experience 
of reality, for example, looking through a virtual reality (VR) headset. Such technology changes 
what is considered ‘real’ and, therefore, what contributes to ethical decision-making. For example, 
ultrasound has allowed us to make decisions about unborn children (Verbeek, 2011a). Secondly, 
mediation of action is based on the idea that designs are inscribed with scripts (Akrich, 1992; 
Latour, 1992, 1994) that shape human action. For example, it can be considered that the micro-
wave encourages us to eat quickly and alone. Verbeek (2011b), thus, refers to designing as “mate-
rializing morality” (p. 90), proposing two ways designers can incorporate the mediating role of 
technology into the design process. First, they may assess and reflect upon the degree to which 
actions resulting from technological mediation are morally justified. Second, they may choose 
to explicitly design desirable forms of technological mediation (e.g., a speed bump encourages 
drivers to slow down) – something which Achterhuis (1995, 1998) refers to as the moralization 
of technology, and which has been criticized for risking human freedom and democracy. At this 
point, designers may consider which values and norms are to be embodied and the ways in which 
these may be materialized. Verbeek (2011b) compares this process to the conceptual investigations 
conducted in VSD, analyzing the values supported by a design (Friedmann et al., 2006). Similarly, 
Vallor (2016) takes a ‘technomoral’ virtue ethics approach, claiming that technology can promote 
virtues (e.g., honesty and empathy) and vices (e.g., dishonesty, carelessness). Drawing upon the 
work of Fletcher (2012), Brey (2022)  highlights the need to differentiate between a design which 
is prudentially good, meaning good or bad for something, for example “goodness for persons and 
goodness for society” (p. 404), from that which is morally good. For example, taking someone’s 
money may be prudentially good for a person or an organization, but it would be morally wrong 
to accept it if not given with free will.

However, the mediating role of design depends not only on decisions made by designers but 
also on users and the unforeseen ways in which design mediates actions. Verbeek (2011b) warns 
of what Tenner (1996) refers to as a rebound effect, whereby technology is used in a way differ-
ent from that intended, is not used at all, or when there is a difference between designer and user 
expectations. Thus, engineers must actively imagine how their designs might be used and expand 
the design process to consider a broader range of actors, values, and interests. Verbeek (2011a, 
2011b) refers to Jelsma’s (2006) approach to redesign, which involves analyzing user logic (how 
users interpret and adapt the design), script logic (how the design influences behavior), and the 
impact of these factors on determining design outcomes.

Verbeek (2011b) suggests a design process that allows for responsible, intentional intervention. 
He proposes anticipating technological mediation, which he suggests can be done using imag-
ination – following the Constructive Technology Assessment (CTA), a systematic method that 
generates variations of designs based on feedback from stakeholders and thus focuses on how 
technology emerges from a specific context – and using scenarios and simulations focusing on 
using a design in specific situations in various ways. While processes like CTA are considered a 
means for the democratization of design, thus removing the fear of unknown technology, they are 
limited in that little attention is paid to non-human actors.

Anticipating technological mediation will result in further complexities, trade-offs, and 
questions, for example, the degree to which potential mediation is justified. Including a desir-
able mediating characteristic can negatively affect other design features. To illustrate, Verbeek 
(2011a) describes automatic speed restrictions in cars that come at the cost of freedom and expe-
rience. Assessment of mediation involves stakeholder analysis that considers moral arguments 
associated with designs, including reflecting on, for example, the morals of intended and implicit 
mediations, the form of mediation (e.g., forcing action versus nudging), and the outcome of 
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mediation in society (Verbeek 2011b). In discussing mediation assessment, Verbeek (2011b) 
considers the issues of responsibility, freedom, and democracy – initially questioning the extent 
to which humans can be held responsible for actions mediated by technology. He distinguishes 
between causal and moral responsibility, proposing that technology (co)shapes moral responsi-
bility by mediating human action and contributing to causal responsibility. Thus, responsibil-
ity is shared between humans and technology, with the designer taking some responsibility for 
design decisions. Such factors become increasingly important when considering technology such 
as autonomous vehicles. Similarly, in his discussion of freedom, he draws upon the work of 
Foucault (1988), who argues that freedom results from the situated nature of human life, mean-
ing it cannot exist in an absolute sense. Many forms of mediation do not force specific actions; 
instead, they inform them (e.g., through persuasion), meaning technology is then considered 
a coauthor of what we do. Foucault thus argues that technological mediations are limited and 
questions whether we should allow technology that allows no room for freedom of individuals 
(e.g., by oppressing or limiting human behavior). The value placed on individual freedom links 
directly to the way in which technology can be perceived as a threat to democracy, with Verbeek 
(2011b) suggesting that democratic processes such as CTA be used to encourage democratization 
of the design process. Technology can also be used to promote democratic values, for example, 
the ‘good life.’

Concluding remarks

In this chapter, we discussed engineering design foundations through the lens of ethics, providing 
a synopsis of emerging issues in ethics in engineering design education. We presented the develop-
ment of engineering design thinking in problem-solving, particularly related to engineering ethics, 
to demonstrate that engineering design is as much about the process as it is about providing a 
service or product intended for human use. Designers nowadays focus on the user and their needs 
in each phase of the design process to create highly usable, accessible, and valuable products. 
Regardless, there is a fundamental tension rooted in the structure of society (Conlon & Zandvoort, 
2011), which still results in a lack of interaction with the externalist approach that engineering 
ethics takes to technology, as well as a focus on products as opposed to processes (van de Poel & 
Verbeek, 2006).

In the last several decades, we witnessed that the more advanced technology becomes, the 
more humanity is exposed to unanticipated side effects and risks of harnessing technology (Wolin, 
2001). Many scholars echo calls from Conlon and Zandvoort (2011) to examine the different 
resources available to engineers to help them have a voice in public policy, including considera-
tion for the values and beliefs of professional engineering bodies and individual engineers. Given 
the impact of engineering design in society, engineering educators have an instrumental role in 
emphasizing the importance of ethics in the engineering profession, including design, and in con-
tinuing to integrate ethics as a core competency in the engineering curriculum.

Engineering design education should incorporate a robust ethical component throughout the 
curriculum. It should encompass ethical principles and considerations relevant to design, encour-
aging students to recognize and address the ethical dimensions of their work. It can incorporate 
real-world problem scenarios by emphasizing complex, real-life problems in design education. 
These scenarios should expose students to multifaceted challenges, integrating technical, social, 
and ethical dimensions, mirroring the intricacies of professional engineering practice.

Further, fostering interdisciplinary learning and collaboration and encouraging students to work 
with experts from diverse fields – including ethics, sociology, and policy – can provide a more 
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holistic, comprehensive, and socially responsible approach. Educators could shift the focus of 
engineering ethics education from individual ethics and normative theories towards social ethics 
methods (see, e.g., Chapter 3), encouraging students to explore social relations and decision-mak-
ing processes that underpin design, aligning more closely with the iterative nature of design. They 
can encourage students to continually question assumptions, assess consequences, and engage in 
reflective dialogues about the ethical implications of design.

Engineering educators could consider empowering engineering students to advocate for public 
policy (see Chapter 6) that aligns with ethical and societal values; engineering design educa-
tion must continually adapt to evolving technological and societal landscapes, and flexibility and 
adaptability should be core principles to keep curricula relevant. Professional engineering bodies 
should play an active role in promoting and supporting ethics education. They should provide 
resources, guidelines, and forums for discussing ethical challenges in engineering design.

By implementing recommendations and recognizing the implications, engineering design edu-
cation can better prepare students to navigate complex ethical dimensions of the field, fostering 
socially responsible, thoughtful engineers well-equipped to address the challenges of our ever-
evolving technological world.
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Introduction

The television series Perry Mason (aired 2020–2021) is a fictional legal drama based on a book 
series by Erle Stanley Gardner. In Chapter 5 of the first season, there is an exchange between two 
of the main characters – Perry Mason, a scruffy private investigator turned defense attorney, and 
his associate Della Street – regarding arranging a suicide to look like a natural death for insurance 
reasons. Della remarks that it appears very easy for Perry to break rules, to which Perry responds: 
“Well … the way I see it, there’s what’s legal and there’s what’s right.”

Later in the episode, Della reuses the phrase to justify to her girlfriend that she is hiding sensi-
tive case files in her home. The imagery in the scene suggests that she is also alluding to the, at the 
time, illegal nature of their relationship.

The narrow interpretation of this phrase seems to suggest that there is (sometimes) a conflict 
between law and ethics. However, at the same time, this phrase seems to indicate that there is a 
strong relationship between law and ethics, not only because a given scenario can be examined 
from both perspectives but also because this relationship seems to contain an inevitable element 
of interaction: acting ethically affects our perception of law, while acting in accordance with law 
affects our perception of ethics.

 Although in legal studies, the relationship between law and ethics is extensively discussed,1 
this relationship has not been equally examined within the domain of engineering ethics educa-
tion (EEE) – even though we can find several research papers within this domain that mention 
ethics and law, added to the range of textbooks about engineering ethics that bring up law. Our 
view is that the importance of law in relation to engineering ethics and, consequently, its impor-
tance as a subject worth including in EEE remains vague in this literature and deserves further 
discussion.

The primary purposes of this chapter are, thus, to present how the relationship between law and 
ethics has been depicted in the literature of engineering ethics education, assess this relationship, 
and encourage the inclusion of law – understood not as mere legal rules but as a system of norms 
– in engineering ethics education. Our central point is that ethics and law are often presented in 
antagonistic ways, but they can also be mutually reinforcing in engineering ethics education. To 
achieve this, law cannot be regarded as a mere matter of fact, as something immutable that pre-
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sides irrespective of ethical discourse (and, as something that Perry Mason believes to be in con-
flict with ethics), but as a matter of concern, namely as something in need of critical examination 
in relation to ethics (Latour, 2004). Simply put, the point in engineering ethics education when it 
comes to its relation to law should not be to present law as just something to be complied with, as 
something to be critiqued as being unethical, or as something deficient concerning ethics, but to 
genuinely include law as an additional layer in ethical discussions.

Similarly, and considering that, to our knowledge, only a few papers explicitly describe a pos-
sible law and ethics integration within the engineering ethics classroom, we will highlight how law 
can be integrated into teaching topics related to engineering ethics based on our own experiences. 
We hope this initial sharing can serve as an impetus to create a discussion between EEE research-
ers and teachers about teaching practices.

Before we start this outlined endeavor, we should address a possible counter-argument, which 
we often hear from some students, namely the idea of functional specialization – that lawyers 
should do law and ethicists ethics. When developing a system, why could engineers not just follow 
the guidelines and recommendations by lawyers and ethicists – or develop a system that lawyers 
and ethicists scrutinize post hoc to ensure that it complies with relevant laws and ethical values?

Now, in a handbook on EEE, it is probably relatively uncontroversial to claim that ethics should 
be taught in engineering education. To the arguments why ethics should be studied, we want 
instead to add arguments for why engineers should also study – at least some aspects of – law 
together with ethics. This is to understand that their professional behavior and choices are not only 
passively affected by legislation but also positively affect the interpretation and formation of such 
legislation. By doing so, engineers could affect ethical values as well as laws in society, fulfilling 
what has been seen as their macro-ethical role. In other words, they would not only be seeing eth-
ics from the individual perspective but also perceiving the ethical obligations that the engineering 
profession carries or could potentially carry.

In line with the purposes of the chapter, the next section will focus on the relationship between 
ethics and law and how it has been constructed within a range of EEE literature, both research 
papers and educational material. While presenting this literature – the review of which reveals 
the recognition of multiple fruitful connections between ethics and law while, at the same time, 
making apparent the lack of an in-depth discussion related to these connections – we will also 
provide our own reflections on it, and highlight possible gaps in this literature. More importantly, 
although it is marginally present in previous literature, we introduce the idea that law needs to be 
seen as fundamentally an interpretative endeavor. In that sense, the main goal of teaching law in 
the context of engineering ethics education is not to promote the perception of law as a matter of 
mere compliance, as an existing body of enforceable norms that engineering students are expected 
to more or less memorize and learn to follow in their future profession. Instead, the point of teach-
ing law as part of engineering ethics education is to demystify what ‘applying the law’ means and 
critically reflect on the processes that form law and its meaning, that is, why the law is created, 
interpreted, and applied the way it is.

After that, and in line with our second aim, we will argue that it is not clear from established 
literature how law and ethics are combined in courses and classrooms. Therefore, we will present 
some options based on our experience as well as the driving forces and barriers for each of the 
options: one case on autonomous vehicles, one on ethics and law in medical technology develop-
ment, one about sustainability in global industrial companies, and one about data, ethics, and law. 
Consistent with other chapters in this handbook, we begin by introducing ourselves as authors so 
that readers can assess how our experiences shape the perspectives we share and the topics we 
identify as central.



Andreas Kotsios, Thomas Taro Lennerfors, and Mikael Laaksoharju 

232

Positionality

Andreas Kotsios is an associate professor in Commercial Law at Uppsala University. His research 
focus has been on law and new technologies and, more specifically, on different aspects of fairness 
within this area. He, therefore, has always been interested in the relationship between law and eth-
ics, especially in the domains of consumer law, data protection law, and artificial intelligence (AI) 
law. Regarding teaching engineering ethics, he was invited to develop the course ‘Data, Ethics, 
and Law’ in 2019 with (the other two authors) Thomas and Mikael. In the beginning, he envisioned 
focusing on compliance questions for data scientists and engineers so that the ethics teacher would 
then use this material to discuss ethical questions. However, it became apparent to him that even 
non-lawyers can better understand compliance issues when seen through the lenses of ethics.

Thomas Taro Lennerfors, a professor of industrial engineering and management at Uppsala 
University, is interested in ethics and philosophy. For many years, he has educated engineering 
and management students in ethics (and written papers and books about it). Previously, he did not 
think about the relationship between law and ethics, except in superficial ways (perhaps even con-
tributing to the gap by defending ethics against law), perhaps because he thought there was quite 
a big gap between the areas. Since 2018, he has been interacting with legal scholars in his ethics 
teaching and realized that many commonalities and shared premises exist. He wanted to reflect 
on his experiences and understand more about the relationships between ethics and law, and this 
chapter has been a vehicle for furthering his thinking.

Mikael Laaksoharju holds a Master of Science in Engineering and a Ph.D. in Human–Computer 
Interaction and is currently working as associate professor in Human–Computer Interaction. He 
has been teaching interaction design, full-stack programming, and ethics in relation to computer 
science topics for more than a decade, and his teaching focuses on developing engineering stu-
dents’ skills to handle engineering problems in ways that respect human values. When he met 
Andreas in 2017, as a fellow participant in a panel debate, he realized that ethics and law have 
more in common than he had previously imagined, especially when considered as processes of 
identifying what is right.

We bring our expertise and our diverse perspectives together in team teaching and leverage 
our differences to help spark critical reflection and dialogue. The author team is quite interdisci-
plinary, spanning technology, social sciences, and humanities. However, we all work at the same 
university, and our team is thus not diverse in terms of institutional belonging, which can hinder us 
from seeing all the ways of integrating law in engineering ethics education in diverse institutional 
settings. The literature we reviewed is written in English and represents viewpoints from Europe 
and North America, which can also blind us to perspectives from other continents. We hope that 
the paper will spark debate and engage scholars from all parts of the globe. In this first section, we 
present our thoughts and our exploration of relevant literature. Then, we provide four examples 
– based mainly on our experiences – illustrating ways to include law within engineering ethics 
education.

Positioning law within EEE literature

In this section, we draw on unsystematic but intensive searches combining the concepts of law, 
legal, engineering ethics, and EEE, using the keywords ‘engineering ethics education,’ ‘legal,’ and 
‘law.’ On Scopus in January 2024, ‘engineering ethics education’ AND ‘law’ generated nine hits, 
and ‘engineering ethics education’ AND ‘legal’ generated eight hits. We excluded papers that only 
mentioned either of the keywords in passing. In addition, we queried Google Scholar to find lit-
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erature that may not have been indexed with the specific keywords. To our surprise, the discussion 
about law in engineering ethics education is quite scarce.

There are plenty of connections between law and ethics within EEE that are hidden in plain 
sight – in other words, where there is an implicit connection between ethics and law – which are 
rarely discussed in-depth. A superficial similarity is that the case-based method that is often used 
to illustrate ethical principles and problematize practices ultimately derives from the legal tradi-
tion (Giraudou et al., 2018; Rottmann & Reeve, 2020) (see Chapter 20 on case studies). It is also 
repeatedly stated in engineering ethics textbooks that engineering is not merely a job or a set of 
tasks but a well-defined profession that requires extensive training and implies specific responsi-
bilities, in a way similar to the legal profession, although the arguments and comparisons between 
these two professions are without exception absent in textbooks (e.g., Lennerfors, 2019). Some 
engineering ethics educators despairingly recount how engineers who are neither well-versed in 
nor sympathetic toward engineering ethics education often conflate it with how to make engineers 
comply with the law. “Of course it is important that engineers follow the law” is an utterance that 
Taebi (2021, p. xi) reports hearing often. Another interesting connection between ethics and law 
involves how it is legally demanded within the Swedish context (where we, the authors, are active) 
that students develop skills to handle ethics. Through legislation, some common engineering prac-
tices have also become the normative way of performing engineering, for instance, documentation 
practices to ensure transparency. The ethical and legal implications of novel technological solu-
tions are sometimes difficult to understand. Nevertheless, there is an expectation, and even a direct 
mandate, on engineers to deliver products that are ‘legal by design’ and ‘ethical by design.’2

Weil’s (1984) research argues that at its very birth, engineering ethics was primarily shaped by 
engineering and philosophy scholars, but other domains also contributed, including law, social, 
and management sciences. Apart from this mention, however, it is unclear how legal scholars 
participated in the shaping of the field.

Moving onwards, the only direct debate about the role of law in engineering ethics education 
that we have found is Davis’ (2006) discussion with Zandvoort et al. (2000). In a quite passionate 
piece, Davis seems to have had a heated discussion with Zandvoort et al. (2000) about EEE in the 
United States versus EEE in Europe. Part of the argument from the European perspective seems 
to have been that the US focus is quite micro-ethical (focusing on the individual decision maker), 
while the European perspective is also harboring “the actual and possible role of law, organizations 
and procedures for collective decision-making” (p. 298). Zandvoort et al. (2000) argue that engi-
neers need to understand the broader context for their own decision-making and be interested in 
helping to reshape that context if necessary. Because of this aim of EEE in the view of Zandvoort 
et al. (2000), the teaching needs to consider the role of law, as mentioned in the preceding quote.

Davis responds to the article, seemingly in affect, but also perplexity, as he cannot fully grasp 
how one could claim that the US tradition of engineering ethics does not pay attention to law. For 
Davis (2006), this is more a question of the amount of time dedicated to law. He writes:

I agree that we should devote some time in engineering ethics to explaining the structure 
of large organizations and the legal constraints under which they must operate. … Students 
should also know something about product liability, the Federal Occupational Safety and 
Health Administration, patent law, and other ways in which government constrains what 
engineers can legally do. … But, again, the question is not whether we who teach engineer-
ing ethics should do something about such things. The question is how much we should do 
– or, rather, whether we are not already doing enough.

(Davis, 2006, pp. 227–228)
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The discussion did not continue (at least not in writing) after this exchange of opinions, which 
could have led to a state of openness regarding how law should be integrated, who is doing it and 
who is not, and how much should be integrated. Given that, to our knowledge, there is no current 
debate about these issues (which we judged from reading the papers that have cited the articles 
mentioned in this debate), we herein review the literature that we have found on the relationship 
between law and ethics within EEE. Often the argumentation in the texts is very brief, which has 
required us to make some assumptions when interpreting the literature.

Ethics and law as different domains

A common way to portray the relationship between law and ethics is through a Venn diagram, that 
is, with the domains having partly overlapping and partly exclusive areas. Although this under-
standing is mainly based on a textbook of business ethics (Treviño & Nelson, 2021), the non-
complete overlap between ethics and law is also brought up in the textbook by van de Poel and 
Royakkers (2011) when they present a logical fallacy they call “confusion of ethics and law” (p. 
128). Therefore, and in addition to conversations we had with some teachers in engineering eth-
ics, we believe that this is a reoccurring way in which the relationship between ethics and law is 
conceptualized – also within engineering ethics. The idea is that there is a great overlap between 
what is legal and what is ethical; however, some practices can be illegal but ethical, while some 
others unethical but legal. Treviño and Nelson (2021) discuss how having an affair with someone 
who reports to you might be legal but considered unethical. Many practices in the 2008 financial 
crisis were also legal but considered unethical.

Often, responsibility is used to discuss differences between law and ethics. Van de Poel and 
Royakkers (2011) describe legal responsibility as liability. They map a few differences between 
legal and moral responsibility. One is that legal responsibility is established through law in differ-
ent jurisdictions, while moral responsibility is theoretically grounded. Second, liability is estab-
lished in an official and regulated process in court, while moral responsibility is established more 
informally. Third, liability often involves the obligation to repair damages, which is not always 
the case for moral responsibility. Fourth, liability is backward-looking, while responsibility can be 
both backward- and forward-looking. Another important difference that we may add here is that 
ethics, or moral responsibility, follows individuals regardless of where the person is. It is thus not 
limited to certain jurisdictions like law.

Law as the minimum requirement – ethics as going beyond the law

The basic understanding of Treviño and Nelson (2021) is that law reflects society’s minimum 
requirements on business behavior, while ethics goes far beyond it. This is also the case when 
we study Carroll’s (1991) pyramid of corporate social responsibility (CSR), which states that the 
company in the base has legal and economic obligations, on top of which there are ethical and 
philanthropic functions. This clearly positions law as the minimum requirement that needs to be 
transcended through ethics. Coeckelbergh (2006) similarly argues that legal regulation has some 
advantages for engineers as well as for wider society. As he puts it, “it provides a floor to perfor-
mance: everybody has to reach a certain level” (p. 239). This also leads to the position that society 
knows what to expect and it makes behavior much more predictable, as we mentioned above. It 
also leads to certainty for engineers that they are actually meeting the regulations, and do not think 
about any other fuzzy dimension related to broader considerations of risk and public perceptions 
of their practice.
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Law lags behind – ethics less so (differences of temporality)

Treviño and Nelson (2021) also discuss the fact that laws change (citing how racial discrimina-
tion was legal for a long time in the United States), which is also echoed in an engineering ethics 
textbook (Lennerfors, 2019). In Taebi (2021), as well as in Royakkers and van de Poel (2011), it 
is argued that laws are lagging behind technological development, which increases the need for 
ethical standards to ensure good technology within legally void spaces.3 Interestingly, van de Poel 
and Royakkers (2011) indicate that corporations in which technological development takes place 
might be more equipped than governments to foretell ethical implications of new technology, and 
thus might have an ethical obligation to do so.

One should of course remember that ethical discussions also lag behind technological develop-
ment, something that is often referred to as the ‘cultural lag’ (Ogburn, 1922), but in our interpreta-
tion of the existing literature, ethics seems to lag less behind than law.

Law as an insufficient motivating force

In a discussion about CSR, van de Poel and Royakkers (2011) write that laws might not have the 
same motivational power to ensure good behavior as ethics. We interpret this to also mean that a 
sole focus on the legal perspective could mean that everything that is legal is also ethical, which 
might even degenerate into a posture that ‘everything that we can get away with from a legal per-
spective is OK.’ Coeckelbergh (2006) similarly urges a need to move “away from regulation, con-
trol, and liability as legal and imposed responsibility and toward responsibility as a feeling within 
the individual as an autonomous professional” (p. 245). Lennerfors (2019) also raises the issue of 
enforcement, namely that many laws are not followed, which connects back to the motivational 
problems that laws might have. The fact that many laws related to engineering are not followed 
– at least in some areas, such as cybersecurity – is also backed up by empirical data (Selzer et al., 
2021). For example, for small and medium size enterprises (SMEs), the risk of having to pay a 
fine based on some cybersecurity regulation is extremely low, while the cost for implementing a 
cybersecurity strategy is rather high. This has been regarded as one possible reason why many 
SMEs are not eager to invest in their cybersecurity. If law is considered without reference to ethics, 
it would seem rational to examine law through a cost–benefit analysis, which in many cases would 
lead to the conclusion that it makes more sense to pay the potential fines than to follow the law.

How law can be used for or against ethical values (applications of law)

Zandvoort (2005) argues that not all laws are conducive to responsible engineering practice. 
Rather, he argues that there are a range of aspects of legal systems that directly obstruct engineers’ 
possibility to take responsibility. Mostly he discusses the incompatibility between employment 
laws and the responsibility that engineers have toward their employers, and how that can lead to 
clashes with ethical obligations as stated in engineering codes of conduct. This leads to practices 
such as whistle-blowing becoming salient.4

Coeckelbergh (2006), however, highlights some positive ways that laws can be used to take 
responsibility:

Rather than being ‘in the way,’ regulation can help engineers in a variety of ways. For 
example, legal requirements may help engineers to resist managerial pressure and in this 
way support ethical behavior. If the engineer’s claims for safety have to survive in a context 
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dominated by competition for money and power, regulation with an ethical content may be 
the engineer’s ethical life jacket.

(p. 250)

At the same time, Treviño and Nelson (2021) argue that corporations can exploit differences in 
legal standards and enforcement in different countries (e.g., environmental pollution laws). This 
practice, similar to the phenomenon of ethics dumping – relocation of (research) practices to coun-
tries with laxer legal and ethical standards and subsequently importing back the results (Floridi, 
2019) – is attributed to a lack of ethics, and reading the law to the letter. This can also concern 
engineering work, where differences in different jurisdictions may lead to enterprises relocating 
certain parts of technological development to places where laws might not be as strict.5

Law as socio-political and not only ethical

Although it is expected or assumed in some accounts that laws are based on ethical values, 
Lennerfors (2019) argues that laws are socially and politically constructed and that ethics might 
have a more complicated relationship to law. In other words, laws can result from political pro-
cesses that often need to consider specific ethical values and disregard others. Furthermore, laws 
can be a result of power differences in society. However, while laws can be a result of unequal 
power positions, it is also argued that we can contribute to changing laws that do not cohere with 
our ethics, which is also what Zandvoort et al. (2000) argue when they state that engineering as 
a profession needs to contribute to legislative processes (for more on this topic, see Chapter 6).

Law and compliance

Since laws are often seen as the minimum requirement and much of the above literature dis-
cusses positive laws rather than the legal process, the discussion often turns to compliance, which 
resounds with the utterance from engineers mentioned by Taebi (2021) above. Within this stream 
of thought, ethics is thus about something more than compliance. However, also within the domain 
of EEE, ethics is sometimes seen as compliance, not in the research literature but in teaching prac-
tice as witnessed by Holsapple et al. (2012):

I’m still struggling to find a better way, rather than threatening them, to get them to appre-
ciate the importance, but I just can’t come up with a better solution other than just sort of 
describing the worst case scenario and sort of motivating them to be honest.

(p. 178)

Sometimes, ethics education and students’ interpretation of it are very similar to law, focusing on 
codes of conduct that are expected to be complied with (cf. Sunderland, 2019).

Furthermore, Lennerfors (2019) argues that it is not so easy to follow laws – they must be inter-
preted in courts and everyday practice – and thus, there is a “need for a reflective, critical attitude 
rather than one of pure submission” (p. 22). However, there is no more argumentation about the 
need to see law as an interpretative endeavor.

The pedagogical nature of law

Lastly, Lennerfors (2019) presents the argument that law can teach us what is ethical. In other 
words, especially if there is a lack of critical thinking, people might learn part of what is ethical 
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through learning what is illegal. This is yet another relationship that law and ethics could have, 
highlighting the need for critical reflexivity about the law.

Our assessment of the above

The above shows how scholars in engineering ethics think about law in relation to ethics educa-
tion. Even though the relationship between law and ethics is not denied – even when it is adver-
sarial – it is mainly left untouched, keeping a distinct border between these two domains. While we 
do not deny the difference between law and ethics as somewhat separate domains of knowledge, 
this does not mean that they must be kept separate in EEE. Instead, our central point is that ethics 
and law can mutually reinforce engineering ethics education.

For example, what is not presented in the literature on EEE is that both ethics and law are about 
developing arguments for and against specific claims. The sources that are legitimate to use are, 
admittedly, different. To develop an ethical argument, combining empirical material with any sub-
set of ethical theories and even using logical reasoning based on examples to reach a conclusion 
is perfectly fine. The criterion for a strong argument is that it is difficult to refute, given agreement 
about context and premises. In law, the goal is the same: to find arguments that are difficult to 
refute. Yet the process is somewhat more formalized – even if not carved in stone.

Within law, the persuasiveness of an argument is often related to what is referred to as the 
hierarchy of legal sources.6 This hierarchy may look different in different jurisdictions, but for 
the sake of this chapter, we may argue that the main source of law is the legislative text – simply 
put: what do the written laws claim? In many cases, the preparatory work that led to a piece of 
legislation is considered as an authoritative interpretation of the provisions of this legislation while 
precedents – the previous decisions of the highest court when defining the meaning of statutory 
provisions – find themselves also high up on this hierarchy. We may also find here what is called 
‘legal doctrine,’ namely the corpus of legal research aiming to provide “a systematic exposition 
of the principles, rules and concepts governing a particular legal field or institution and analyzes 
the relationship between these principles, rules and concepts with a view to solving unclarities and 
gaps in the existing law” (Smits, 2017, p. 210). Of course any other argument – be it from within 
or outside the legal realm, for example, ethical or political considerations – can be used, since even 
if the hierarchy of legal rules can be defined, the doctrine of legal sources cannot, but the more 
we move down this hierarchy or outside of it, the probability for an argument to be accepted by 
lawyers is decreased – even if it is a good argument – in the case where another opposing argument 
comes from the higher levels of this hierarchy.

At first thought, it may appear strange that not all possible arguments have equal weight in 
court. You may even have read about cases that have created public outrage because the courts’ 
decisions have violated common-sense judgment. However, in order to retain at least some kind of 
legal certainty,7 in the sense that people should have the possibility to assess what the law expects 
from them – a value that is deeply founded in modern societies – a system of norms where ‘any-
thing goes’ could be rather problematic.

Yet another point that can reinforce EEE regards the consequences of violating law versus eth-
ics. Legal consequences are ideally known in advance, or, as it is commonly stated, they are pre-
scribed by law. The exact consequences are, of course, decided in each case by a court or authority, 
but overall, the range of possible consequences is determined by the legislator. When it comes to 
ethics, on the other hand, no such delimitation is to be found. Instead, the public reacts to viola-
tions against ethical mores, and the punishment may range from mild disapproval to life-changing 
and life-lasting consequences, like exclusion from a social sphere.
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Positioning law within EEE practice

Like the absence of debate around ethics and law, there is a marked absence of literature that 
describes how law and ethics are integrated into engineering teaching. Respondents stated legal 
elements as a prevalent means of teaching this in an empirical study regarding teaching practices 
related to fulfilling ethics-related outcomes conducted by Martin et al. (2020). Those authors did 
not report, however,8 whether such legal perspectives were combined with ethics or taught stan-
dalone.

Furthermore, in a literature review of engineering ethics interventions in the US context con-
ducted by Hess and Fore (2018), there is no mention of law. This could indicate that it is not preva-
lent in practice, that law is taught in courses that are not related to engineering ethics, or that law 
is taught together with engineering ethics but that no scientific investigations have been reported 
in the US-based literature regarding the effect of such integration on engineering ethics learning 
outcomes.

Therefore, we will provide examples of how and why to integrate law and ethics and will reflect 
upon their pros and cons. We present these examples (primarily drawn from our own experience) 
in order, based on their level of integration between the domains of law and ethics from less to 
more integrated.

Ethics and law as disconnected domains – the autonomous car trolley problem

This first example shows how ethics and law can play a role in engineering ethics education, but 
through temporarily suspending the other domain. This is based on an interpretation of a short 
glimpse of how the trolley problem is used in EEE, based on a chapter by Nyholm (2022). Nyholm 
explains that teachers frequently present the trolley problem during ethics classes. The students 
then sometimes ask whether “it wouldn’t be the case that one would go to jail if one pushed a large 
person off a bridge to his death in order to save five people on the tracks, or even if one redirected 
a train onto a side track where one person is hit and killed by the trolley” (Nyholm, 2022, p. 222). 
Usually, philosophy teachers then argue that we should suspend those considerations and instead 
think about the trolley problem from a theoretical perspective, focusing on the best choice to make 
irrespective of the current legal regime.

It is easy to imagine that such an exercise could co-exist with legal discussions about real-world 
crashes with self-driving cars. These discussions would focus on liability and accountability for 
algorithmic decisions. Yet, despite a common framing of the decision problem of self-driving 
cars as a version of the trolley problem, few, if any, sources reviewed integrated ethical concerns 
into the legal discussion. Even after legal responsibility has been established, there are also con-
cerns that the companies have not been appropriately held accountable, signifying the difference 
between law and ethics.

The point of this example – and we must say that we are not sure whether there is actually any 
course combining the autonomous car trolley problem with real-world crashes – is that ethics and 
law could be used to discuss the same scenario by suspending the connection between them tem-
porarily and then re-integrating them.

Discussing and going beyond law from an ethical 
perspective – MedTech, ethics and law

In a course about medical technologies (MedTech), ethics, and law at Uppsala University, 
Lennerfors taught the ethics-related segments. He had limited interaction with the other teachers 
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in the course, who taught legal perspectives, but he viewed their recorded lectures before his own 
lectures. Two lectures of the course were dedicated to ethics, and Lennerfors presented some of 
the above-mentioned relationships between ethics and law, bringing them closer to the students’ 
technical domain. The Poly Implant Prothèse (PIP) scandal can be seen as a situation where the 
legal perspectives were not enough, highlighting how laws can be reinterpreted based on our 
view of (failing) patent safety. Lennerfors mentioned ethical ramifications of law, for example, 
the Medical Device Regulation (MDR), which has been criticized for imposing increased admin-
istration that pushed smaller actors out of the market, contributing to a concentration of power. 
He explored the laws and regulations studied in the course in addition to MDR, including the 
International Organization for Standardization (ISO) standards for MedTech products and what 
such sources say about ethics. Concerning regulations, Lennerfors situated ethics as also includ-
ing the more positive side of doing good, while law was positioned as avoiding the bad. Within 
this domain, health technology assessment (HTA) often goes beyond what is legally mandated. 
However, HTA has also been criticized for taking a perspective that prioritizes economics too 
much (Hofmann, 2020) to the exclusion of ethical issues. Therefore, ethics need to be studied, 
and the rest of the lectures were based on the framework of ethics in engineering presented in 
Lennerfors (2019).

In reflection, the teachers of this course noted the lack of integration among themselves, which 
was limited to a short initial meeting. The ethical interpretation of the laws and regulations studied 
in the course was made by the ethics teacher alone; he was not in class with the other teachers. This 
approach, where law is included in an ethics discussion conducted by an ethicist, is a positive start-
ing point. It is probably one of the most resource-efficient ways to introduce law in engineering 
ethics education. However, the ethicists’ lack of legal expertise limits the discussion quality. As we 
pointed out in the beginning, law as a domain of knowledge is not only about what rules exist, but 
it also contains questions of how these rules came to be, what their purpose is, how they are seen 
within the system of law, what processes can change their understanding, what interpretation has 
been given, what alternatives exist, and so on. Even though an ethicist could speculate about some 
of these questions, the lack of a legal expert can lead to somewhat arbitrary discussions without 
connection to the realities of the legal processes in question. Now, these lectures aimed not to inte-
grate ethics and law but to present ethics as another perspective apart from the other teachers’ legal 
perspective. However, the ethics teacher still felt the need to engage with what the legal experts 
had said to show what concerns ethics brings up that might not appear in discussions about law.

Ethics and law as parallel perspectives – sustainability 
in global industrial companies

Another example of how law and ethics can be used together will be given from the industrial 
engineering and management domain, namely the course ‘Managing Sustainability in Global 
Industrial Companies.’ Although this might seem different from engineering ethics education, most 
of the students were engineers pursuing a Master’s degree in management and innovation stud-
ies. Another puzzling idea might be that the course was about sustainability, not ethics. However, 
within the business domain, much of what was earlier called CSR or business ethics is increasingly 
going under the concept of corporate sustainability, and scholars have called for an integration of 
the discussions in these two related domains (Lennerfors & Murata, 2023). This course has already 
been described in previous literature (Fors et al., 2023; Giraudou et al., 2018; Lennerfors et al., 
2020), and what follows are Lennerfors’ reflections on the 2018 round of the course, after which 
another teacher took over as the primary responsible teacher.
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A collaboration with a legal scholar in Japan, who co-taught the course, was also initiated within 
this course. With this legal scholar’s presence, the course aimed to include a legal approach to the 
corporate sustainability perspective foundational to the course. In contrast to the MedTech course, 
the law teacher was part of the teaching and a recurring part of the course, providing legal perspec-
tives. The students were presented with cases where they needed to discuss the ethical and legal per-
spectives of corporate responsibility. The legal scholar was there to discuss the legal aspects, which 
meant that the teachers were working side by side, although they were not always engaging in dis-
cussions in front of the students about the differences between ethics and law, nor directly encourag-
ing students to reflect on such differences critically. There were discussions amongst teachers before 
or after classes about the differences between ethics and law, reflecting on both subject areas. The 
initial reaction from the corporate responsibility teachers was that the discussion about corporate 
responsibility within legal studies seemed to be markedly similar, and the teachers indicated that the 
space between ethics and law was much smaller than the abyss they initially perceived.

This second approach, where law and ethics are examined in parallel by ethicists and lawyers 
together, seems to provide a better understanding of the relationship between law and ethics. It 
starts making apparent that law and ethics are not as distant from each other as many prominent 
narratives seem to point out. Additionally, the participation of a legal scholar helped the other 
teachers and the students understand what the law asks from corporations concerning CSR – not 
as a mere matter of compliance but more as a starting point for the ethical discussion that can be 
built upon this knowledge.

As we will show in the next part, however, this approach is still somewhat limited in that it does 
not integrate law into ethics but merely regards them as parallel connected domains. This course 
did not include a deep discussion of how law is formed. There was also a clear division of labor 
between the teachers, which could have contributed to sedimenting this separation between ethics 
and law.

Integration of law and ethics in EEE – the case of data, ethics, and law

As our final example, we present the course we (authors) teach together, called ‘Data, Ethics and 
Law,’ which aims to present law and ethics as mutually dependent matters of interest that can be 
approached deliberatively. Instead of providing students with mere information related to codes 
of ethics, ethical misconduct, rules, and breaches, the teachers ask the students to reflect on the 
function of ethics and law in society – as the two main societal mechanisms for attributing respon-
sibility – and to develop an understanding of why ethical norms arise and why laws are created, 
formulated, and interpreted the way they are.

The course includes a dozen lectures on ethics and law topics relevant to engineers and com-
puter scientists working with data in any form within their future professions. The lectures are 
complemented by seminars in which students discuss selected readings on these topics. To encour-
age deliberation rather than blind acceptance, the topics are introduced through common phenom-
ena in data processing and computing rather than as moral and legal obligations. The teachers’ 
central policy has been not to dismiss students’ ethical positions and instead encourage students 
to inquire why they have come to consider something as ethical or unethical and why they believe 
that something is deemed to be legal or illegal. Through this approach, the students learn to see 
that both ethical sentiments and laws are social in the sense of steering society in a direction that 
is considered good for its members.

It is not the point of this section to go through all seminars of the course, which vary from issues 
related to intellectual property and access to information to the trustworthiness of AI. Still, we will 



Law in engineering ethics education 

241

provide some insights into how we approach teaching about data protection and the General Data 
Protection Regulation (GDPR) – very important matters for most computer and data engineers 
and scientists.

GDPR is one of the most important laws worldwide regulating the processing of personal data. 
Non-compliance can lead – and has led – to extremely high fines. Therefore, as a data engineer, 
knowledge of this law is definitely of added value. Yet, how can we claim that a few lectures on 
the GDPR can lead to knowledge of data protection law if we only focus on the provisions of this 
legislation? Moreover, how is it even possible for engineers (who have probably never before 
worked with legal texts or used legal methods) to be able to understand what is expected of them 
from a text that is so large and complicated that even lawyers have difficulties navigating it (i.e., 
the 99 articles, 173 preambles, numerous guidelines by European and Member States authorities, 
decisions by the Court of Justice of the European Union (EU), national courts, and data protec-
tion authorities, to name a few)? Is it adequate to provide slides, tables, and so on with simplified 
interpretations of this law, to say that these students have at least some knowledge on the matter? 
Suppose the point is to examine whether students can answer simplistic questions regarding spe-
cific data protection legal rules. In that case, one may argue that, yes, this is adequate. However, 
this is an elementary approach, especially in engineering ethics, when the goal is to prompt stu-
dents to reflect upon their future actions. In such a context, the main reason for introducing law 
should not be about following a blueprint for being compliant but rather about being able to add 
something to the discussion about how engineers should behave.

The idea in this course is, therefore, to provide students with some basic information on what is 
contained in this piece of law, but, most importantly, encourage them to understand what this law 
is aiming to achieve, what processes affect its understanding – and its creation – and how its goals 
may change over time. The main point of our course is not just to provide a static picture of what 
the law is – something that even legal scholars may have difficulties with – but to have students 
reflect on how their behavior constitutes an act of interpretation of a piece of legislation. The idea 
is to have students realize that they are not merely passive subjects of law but part of a society that 
constantly affects how the law should and should not be understood.

This integrated approach seems to fit in better with a new trend in EU law concerning regulat-
ing complex systems (e.g., areas related to regulating AI, achieving sustainability, and the like), 
where ethics is understood as an integral part of the legislative process, meaning that ethics both 
affect the justification of why there is a need to regulate specific phenomena and inform the desired 
behavior of the actors that are – or are to be – regulated. The latest example of such considerations 
is probably the proposed AI Act in the EU, which is based on a text named ‘Ethics Guidelines for 
Trustworthy AI,’ and in parallel, asks the actors involved in the development and distribution of 
AI systems to do so by following ‘ethical standards.’9

The literature reviewed in the previous part of this chapter has shown that law and ethics inter-
connect. However, this interconnection can no longer be understood only in a common-sensical 
way, namely that law and ethics influence each other – one may ask what is not influenced by 
ethics – but, instead, that law and ethics seem, now more than ever, to be connected institution-
ally. Law aims at the creation of ethical technologies, and at the same time, the discourse in eth-
ics directly affects the official legislative and regulatory processes and outcomes. Thus, ethics is 
regarded as a tool for interpretation and regulation.

Therefore, by integrating law into ethics, it is possible a) to make apparent to students that 
when law becomes part of an ethical analysis, what ‘society‘ thinks becomes an integrated part 
of the reasoning; b) to strengthen the students’ understanding of general ethical issues; c) to 
show that legislation and law are generally affected by underlying ethical considerations (e.g., 
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the importance of privacy); and d) to promote the ideas of law as ‘normative ethics’ and law as 
a social dynamic that is corresponding to the needs of society as well as the idea that existing 
laws are not mere ‘frozen politics’ but a result of historical social needs that are still relevant to 
varying degrees. The main point is precisely to make apparent that law is not mere compliance, 
something separate from ethics, but that instead, it is an integral part of socio-ethical considera-
tions.

Of course, the approach has some challenges, especially related to misconceptions about legal 
methodology or legal argumentation. Students may erroneously believe, for example, that a piece 
of law such as the GDPR is applied to all cases related to data processing, even if no personal 
data are included, or that ethical argumentation (without being supported by legal argumentation) 
can be used in courts and so on. Such issues may nevertheless appear when law is not taught in 
an extensive and in-depth manner. More importantly, these are problems that can be addressed 
through discussions in the classroom. Ultimately, when the question is how to help students 
develop into thoughtful professionals, a discussion of ethics that integrates law can only enrich 
ethics discourse and enable students to have legal discussions, even with limited legal knowledge.

This thoughtfulness is also depicted in an outcome that we often witness in this course: even 
when students disagree with a specific piece of legislation and how it has been interpreted and 
applied until now, they nevertheless seem to adopt a more empathetic view towards law in general 
when they start regarding law as a process of discussion in which ethical motives and trade-offs 
between values may have led to a particular understanding of law becoming the prevailing one. 
When law is seen as a discussion process, it is easy to imagine that alternative understandings 
can become dominant in the future, depending on the public discourse, and that the students can 
actively participate in shaping these understandings. Our goal is precisely to equip the students 
for this epiphany.

Concluding remarks

In this chapter, we have aimed to explore how the relationship between ethics and law is con-
structed within engineering ethics education and some possible ways to connect ethics and law 
in engineering ethics education. Our central point has been that ethics and law can be mutually 
reinforcing in engineering ethics education, particularly when law is seen as a fundamentally inter-
pretative endeavor. This implies that the goal of teaching law in the context of engineering ethics 
education is not to promote the perception of law as a matter of mere compliance but to demystify 
what ‘applying the law’ means and critically reflect on the processes that form law and its meaning 
(i.e., why law is created, interpreted, and applied the way it is), which are fundamentally ethical 
issues.

To illustrate how to integrate law within engineering ethics education, we have provided four 
examples. Although our argument has favored the most integrated approach (the one presented 
last), we also see benefits in connecting ethics and law in other ways. Ultimately, we acknowledge 
that the combination of ethics and law depends on the bricolage of available competencies and 
resources at a given institution. We hope this chapter will stimulate and re-ignite a discussion 
about the role of law within EEE.
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Notes
1 For an overview see Mark C. Murphy, Philosophy of Law: The Fundamentals (2006) Wiley-Blackwell 

with references that range from legal positivists that negate morality within the system of law to natural 
law theorists that aim to define the universal moral standards in law.

2 For a discussion on legal by design see Hildebrandt (2020) and on ethics by design European Commission 
(2021).

3 For some critique of this, see Aspray and Doty (2023).
4 At the same time we should not forget that at least some jurisdictions have lately introduced legislation 

that aims at protecting whistleblowers, see Directive (EU) 2019/1937 of the European Parliament and of 
the Council of 23 October 2019 on the protection of persons who report breaches of Union law.

5 On forum shopping in relation to data protection see for example Brandão (2023).
6 For a discussion on the so-called hierarchy of law and the doctrine of legal sources see Samuelsson 

(2012).
7 See however the Critical Legal Studies movement and the idea of legal indeterminacy (Fenwick & Wrbka, 

2016).
8 In the paper, there are no insights into this, which can be because respondents did not provide such details 

or because the authors chose to focus on other issues despite respondents providing such details.
9 More specifically, since the end of 2000’s, with the introduction of the Charter of Fundamental Rights 

and especially after the discussions that initiated the GDPR, the rhetoric of ethics has become increas-
ingly more apparent. Ethical values are to affect the production of legislation as well as its interpretation 
and application. For example the Commission set up the High-Level Expert Group that published the 
so-called “Ethics Guidelines for Trustworthy AI” which in turn affected the proposed AI Act, one of the 
main legislation for the regulation of AI in the EU. Similarly, in the proposal of the AI Act we find that the 
goal of this piece of law is to lead to – among other things – ethical AI. Such a telos has to be taken into 
consideration when we try to interpret and apply the AI Act in the future – or for what is worth any piece 
of law regulating aspects of AI systems.
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Teaching ethics to engineering students often occurs in classes that enroll students from many 
engineering disciplines. The content in such interdisciplinary engineering classes is general and 
often not perceived as relevant for students specialized in particular engineering disciplines. There 
are, as we will see in the chapters in this section, issues in engineering ethics that are transversal to 
most, if not all, engineering disciplines and relevant for most, if not all, engineering students. This 
section of the handbook investigates how transversal ethical issues can be linked to specific engi-
neering disciplines and, in this way, be perceived as relevant by specialized engineering students. 
We, the editors of this handbook, selected five engineering disciplines – civil engineering, aero-
space and mechanical engineering, electrical and electronic engineering, chemical engineering, 
and software engineering – and invited prominent scholars of each discipline to author chapters 
where they identify, analyze, and discuss the ethical issues that they perceive relevant for students 
of their specific engineering area to become acquainted with during their education. Thus, this sec-
tion contains five chapters coining ethical content of engineering ethics teaching in civil, mechani-
cal, and aerospace, chemical, software, and electrical and electronic engineering.

Positionality

As a way to understand why this section appears as it does, it might be useful to make explicit 
the positionality of the section editor. Tom Børsen was originally educated as a chemist with a 
minor in philosophy, who after graduation engaged in research in science and engineering educa-
tion with a focus on how to promote ethical and socio-ecological responsibility among technical 
experts. This led to several curriculum development projects bridging social science and humani-
ties (SSH) and science, technology, engineering, and mathematics (STEM) disciplines. Most pre-
dominantly, Tom led the establishment of the BSc and MSc degrees in Techno-Anthropology at 
Aalborg University. He has also taught ethics at different engineering programs. Thus, after a 
process of self-reflection, Tom has identified two ways in which his positionality can have influ-
enced the content of this theme: He has experienced that the proximity between engineering ethics 
content and the engineering discipline in which it is situated is imperative for engineering students’ 
acceptance and sense-making of EEE. The section shows that Tom is not the only one who has 
had this experience. The second way the section editor’s positionality may have had implications 
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Ethical issues in different engineering disciplines

for the section is reflected in his engagement in promoting engineers and other technical experts to 
take responsibility for the broader implications of their work. This concern aligns well with how 
the chapters in the section are conceptualized.

Chapter topics

Here we provide a synopsis of each chapter in this section, highlighting the unique contributions 
of each.

Chapter 14, ‘Ethical Considerations in Civil Engineering’ by Irene Josa, Ester Gimenez-Carbo, 
and Christina Nick, overviews ethical issues inherent in civil engineering, a field vital for pro-
viding essential infrastructure such as water access, shelter, transportation, and communication. 
While distinct from military engineering, this branch of engineering often intersects with it, par-
ticularly in areas like transport infrastructures. The chapter underscores the global trend towards a 
more holistic and socially conscious approach to civil engineering, embraced by professional asso-
ciations worldwide. Furthermore, it emphasizes the need for civil engineers to excel in technical 
skills and also demonstrate leadership and ethical decision-making abilities, navigating complex 
dilemmas by considering social, cultural, and philosophical dimensions. The authors stress the 
importance of a comprehensive perspective that encompasses the entire life cycle of infrastructure 
projects, from design and planning to decommissioning, in determining the ethical responsibilities 
of individual professionals.

The authors present a framework and set of tools (e.g., applicable case studies) to identify con-
tent for ethics education suggested to be delivered to civil engineering students (Table 14.1). They 
present ethical issues in civil engineering – professionalism, social responsibility, sustainability, 
health and safety, EDI (equality, diversity, and inclusion), and decolonization – and relate them to 
each stage of the life cycle of civil engineering projects. The chapter showcases a range of existing 
case studies and discussion topics for teachers wanting to integrate ethics teaching into their civil 
engineering courses.

The authors of Chapter 15, ‘Ethical Issues in Mechanical and Aerospace Engineering,’ Aaron 
W. Johnson, Corin L. Bowen, Cristiano Cordeiro Cruz, and Renato Bezerra Rodrigues, examine 
ethical issues within mechanical and aerospace engineering, encompassing the application of sci-
entific and mathematical principles to develop mechanical systems, including aircraft and space-
craft. The chapter adopts a ‘social justice’ lens, viewing mechanical and aerospace engineering as 
potential avenues for empowering marginalized communities.

A vital aspect of this chapter is its deliberate utilization of a critical, emancipatory framework 
inspired by activist scholars (Freire, 1970; hooks, 1994). Departing from the traditional portrayal 
of mechanical and aerospace engineering as politically neutral domains, the authors challenge the 
prevalent notion by advocating for a shift towards macro-ethical considerations alongside micro-
ethics. They argue for cultivating students’ critical consciousness, emphasizing the importance of 
addressing systemic oppression perpetuated by engineering practices. While confronting main-
stream perceptions of engineering ethics, this approach encourages readers to engage with discom-
fort, explore relevant literature, and get involved in discussions to broaden their understanding of 
these perspectives.

In Chapter 16, ‘Ethical Issues in Electronic and Electrical Engineering,’ Susan M. Lord and 
John E. Mitchell delve into the ethical dimensions within electronic and electrical engineering 
(E&EE), emphasizing the crucial alignment of ethical education with technical content. They 
address the scarcity of case studies specific to E&EE contexts, attributing it to the nature of E&EE 
components being often integrated into larger engineered systems and less visibly public-facing 
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compared to other engineering disciplines. The investigation by Lord and Mitchell highlights a 
recurring trend whereby electrical technology remains peripheral in traditional engineering eth-
ics case studies, which lack focus on E&EE contexts. These case studies often drift outside the 
discipline or address irrelevant professional issues. The authors advocate for explicitly integrating 
ethics relevant to E&EE into technical studies and emphasize the importance of engineers teach-
ing these topics. They explore various approaches in ethics education for E&EE students, ranging 
from discussions on professional responsibility to standalone ethics courses and integration across 
modules in a course.

Additionally, Lord and Mitchell examine the challenges of teaching ethics in E&EE, identify-
ing opportunities to address ethical issues within the culture of electronic and electrical engineer-
ing. This includes scrutinizing offensive technical jargon and controversial imagery like the Lena 
photograph used in image processing. By identifying and confronting these persistent ethical chal-
lenges, the authors advocate for proactive measures to assist students in navigating the intricate 
ethical landscape of electronic and electrical engineering.

Chemical engineering encompasses the vast domain of large-scale chemical synthesis, produc-
tion, transportation, storage, and diverse industrial and consumer product applications. In Chapter 
17, ‘Ethics in Chemical Engineering,’ Jan Mehlich, Tom Børsen, and Dayoung Kim draw upon 
historical and contemporary ethical case studies from research journals to outline ethical issues. 
They emphasize using varied case studies in ethics education to foster different dimensions of 
responsibility among chemical engineering students.

Mehlich, Børsen, and Kim probe ethical issues pertinent to chemical engineering education, 
exploring concerns about the unpredictable nature of chemicals and the potential misuse of chemi-
cal engineering processes. The chapter advocates for reflections on the broader implications of 
chemical engineering projects as a fundamental aspect of ethical practice in chemical engineering. 
By examining moral, legal, and institutional responsibilities, as well as individual and collective 
responsibilities, the authors provide valuable insights for educators designing ethics education 
curricula in chemical engineering. They propose linking case studies with various forms of respon-
sibility to enhance the effectiveness of teaching materials and encourage critical discourse among 
students.

In Chapter 18, ‘Ethical Issues in Software Engineering,’ Stephanie J. Lunn, Isis Hazewindus, 
Prajish Prasad, and Vivek Ramachandran aim to cultivate ethical awareness among students, 
teachers, and software engineers. They stress the importance of recognizing responsibilities in the 
creation, dissemination, and maintenance of software – emphasizing the need for educational envi-
ronments that foster ethical learning alongside technical skills – and for continually reassessing 
ethics and ensuring accountability and transparency as technologies like artificial intelligence and 
machine learning dynamically evolve. Embracing ‘Ethics by Design,’ they propose tools, discus-
sions, and assignments to promote ethical reflection and aid in problem-solving.

In exploring ethical issues in software engineering, the authors advocate for cultivating ethical 
mindsets throughout the software development and data life cycles. Linking these two cycles into 
a brand new ‘ETHOS’ model for facilitating ethical reflection, the authors provide a tool that can 
help scaffold dialogue and help people analyze ethical issues in software engineering practice as 
well as in engineering ethics classes.

Trends and implications 

Transversal ethical issues are exemplified within the concrete discipline, as the observant reader 
of all five chapters in this section will notice, and there are overlaps among the different ethical 
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issues perceived as relevant by the authors of the chapters. This is not to say that all ethical issues 
are present in all chapters, because they are not; however, most issues are identified as central in 
three or four chapters. Few, if any, ethical issues are limited to only one engineering discipline.

Professional codes of ethics are one common ethical topic described in several chapters. Yet, 
authors across this section argue that codes cannot be the only content of engineering ethics edu-
cation – additional topics must be included. Chapter 16 on electrical and electronic engineering 
underscores that students need to know the ethical codes of their engineering discipline and also 
be able to relate them to their own projects and technical work. Many engineering companies have 
business ethical schemes that students can apply in parallel to the professional ethical codes of 
conduct, for example, during an internship.

The broader implications of engineering work within different non-technical or socio-ecolog-
ical spheres (e.g., the environment, human health, users’ privacy, employees’ well-being, vul-
nerable groups, and society as a whole) constitute another transversal ethical issue that appears 
in several chapters and is considered relevant in many engineering disciplines. Chapter 14 on 
ethical issues in civil engineering names this ethical topic ‘social responsibility.’ Socio-ecological 
responsibility is an extended predicate one can put on this transversal ethical issue. Chapter 17 
on chemical engineering bridges this ethical issue with the previous one by suggesting that engi-
neering ethical codes must include macro-ethical concerns regarding, for example, environmental 
and human health implications. Chapter 18 on ethical issues in software engineering encourages 
engineering solutions to actively strive for improvements in these non-technical spheres, bridging 
the following ethical issues.

Sometimes, harmful effects on workers, technology users, or local communities are or should 
have been known and could have been prevented. Sometimes, the implications for humans are 
unforeseen and emerge due to complex systems that are difficult to control. Chapter 17 on chemi-
cal engineering asserts this distinction as central for taking responsibility for the implications. 
Engineers and company managers must be held responsible for their neglect if harmful impli-
cations were or could have been known (e.g., were reasonably foreseeable). When engineering 
design, solutions, and innovation are new and emerging, and implications uncertain and difficult 
to predict, engineers and other actors can and should exercise precaution. Chapter 18 on software 
engineering contains scenarios of both intentional misuse and unforeseen implications. Chapter 15 
on mechanical and aerospace engineering argues that the harmful implications often follow from 
hegemonic power structures. One way to gain knowledge about the human implications of tech-
nology is to involve those affected by engineering solutions and design. Engineering that engages 
employees and users is denoted ‘human-centric engineering.’

Sustainable design is a transversal ethical issue related to the issues identified above, focused 
on the dual influences of engineering activities on the environment: engineering can contribute 
to sustainable development, but it can also pollute the environment. Chapter 14 on civil engi-
neering argues that engineering projects must actively strive to minimize the use of resources 
and emissions of greenhouse gasses. Chapter 16 on electrical and electronic engineering suggests 
incorporating environmental concerns in technical design. Chapter 15 on mechanical and aero-
space engineering warns that developing ‘green’ products (in a narrow sense) is not sustainable 
if the products enable or encourage unsustainable practices. The difference between this ethical 
issue and the two previous ones is that socio-ecological responsibility focuses on identifying the 
implications, human-centric engineering focuses on co-creation, and sustainable design creates 
socio-ecological beneficial consequences. Several chapters point toward cases where engineers 
and engineering solutions have had very positive implications for human communities; they assert 
that engineers in technical design should actively seek beneficial implications.
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Some chapters mention military applications as an ethical issue to be discussed and reflected 
upon in engineering ethics education. Chapter 15 on mechanical and aerospace engineering draws 
attention to the military-industrial complex and notes that military equipment, which has been 
used in armed conflicts around the world, kills innocent civilians in high numbers. Chapter 17 on 
chemical engineering includes cases from World War I and the Vietnam War.

Social justice is the final transversal ethical issue highlighted in this section’s introduction. It 
covers an array of topics: Chapter 14 on civil engineering discusses both ‘equality, diversity and 
inclusion’ and ‘decolonization’ as topics to be included in engineering ethics education. Chapter 
16 on electrical and electronic engineering provides examples from the academic and profes-
sional engineering culture (such as terminology and jargon) that can adversely reduce the sense of 
belonging among women and students of color in engineering. Engineers’ use of an image of Lena 
Forsén in image processing, an image originating from the sexist context of Playboy magazine, is 
one of several examples the authors critique and pose for in-class and professional dialogue.

None of the chapters in this section suggest that students must be able to provide clear-cut 
answers to ethical challenges by being acquainted with some of the ethical issues presented in 
this section’s chapters. It is essential to dialogue, reflect, and act on these issues when they appear 
in students’ disciplinary and cross-disciplinary contexts. Chapter 18 on software engineering 
includes a sophisticated reservoir of dialogical methods and reflection tools that can be applied in 
other engineering disciplines. We find connectivity among the different ethical issues presented 
by the authors of this section: discussions, reflections, and analyses should be part of engineering 
ethics education as they can probe the various issues and identify the relationships among the dif-
ferent ethical topics.

The section highlights some general aspects of EEE, some of which are discussed in this sec-
tion of the handbook, and others in previous sections. The general ethical issues must be translated 
into discipline-specific cases, questions, exercises, and design projects. Thus, we find relation-
ships between this section and the previous two ones in the way that the first section highlights 
the importance of evoking normative frameworks in disciplinary-specific EEE content, and the 
second section emphasizes that thorough descriptions of the emotional, social, organizational, 
cultural, and legal context must be included as parts of disciplinary-specific EEE content. Such an 
affinity to the concrete sociotechnical context is a central way to root the more general normative 
frameworks and transversal ethical issues in specific engineering disciplines. After this section has 
reflected on the content of disciplinary EEE, one next step can be to identify appropriate teaching 
and assessment methods, which are the topics addressed in the following sections.

Conclusions from the section editor

As the editor responsible for leading this section, Tom Børsen expects that the selection of chapters 
will also be relevant to read for engineering ethics teachers, students, practitioners, and research-
ers from other disciplines than those directly addressed in the chapters. They are not intended to 
only inspire those directly involved in the discipline discussed. A common denominator in all the 
chapters is a suggested balance between – on the one hand – disciplinary exercises, examples, 
case studies, and scenarios deeply rooted within the specific discipline and – on the other hand 
– more general or transversal ethical issues such as professional and socio-ecological responsibili-
ties, human-centric engineering, sustainable design, military applications, and social justice. Our 
rationale is that the transversal ethical issues identified in these chapters can be translated into 
engineering disciplines other than those from which they originate. Moreover, the chapters outline 
the importance of translating transversal ethical issues into specific engineering disciplines, rather 
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than presenting ethical issues to students in a generic or general engineering context. The discipli-
nary proximity of engineering ethics education comes through disciplinary exercises, examples, 
cases, scenarios, and designs that illustrate more general engineering ethical issues but in ways that 
clearly link to the student’s chosen discipline of focus.

Tom hopes readers will enjoy assessing how the above briefly presented transversal ethical 
issues – including professional codes of ethics, socio-ecological responsibility, human-centered 
engineering, sustainable design, military applications, and social justice – unfold in specific dis-
ciplinary contexts. That said, Tom and the larger editorial team recognize that the section does 
not provide a final and complete overview of ethical issues in different engineering disciplines; 
therefore, they welcome readers’ comments on the following chapters and encourage additional 
research in the realm of EEE for specific engineering disciplines.
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Introduction

Civil engineering is the oldest branch of engineering, with civil engineering practices dating 
back to ancient times, with the establishment of the earliest urban settlements. The roads, canals, 
viaducts, and other public works developed by the Roman Empire are still visible today. Other 
notable examples of ancient civil engineering were constructed in Egypt, Greece, Mesopotamia, 
China, the Inca Empire, and Persia – thus illustrating the global impact and diversity of ancient 
civil engineering achievements. This predates the formal establishment of professional societies, 
which emerged later to organize and advance various engineering disciplines. Civil engineering 
was founded to serve and benefit society. Since its inception, the civil engineering profession 
has supported the development of societies and improved people’s quality of life by providing 
access to basic needs such as water, shelter, transport, and communications. Over time, civil engi-
neers began to formalize the scope, definition, and responsibilities under their remit, and today, 
professional bodies specific to civil and structural engineering practices proliferate worldwide. 
They include, for example, the US-based American Society for Civil Engineering (ASCE), the 
UK-based Institution of Civil Engineers (ICE), the Japan Society of Civil Engineers (JSCE), 
the International Association of Structural Engineers (IABSE), and the UK-based Institution of 
Structural Engineers (IStructE). Many subfields of civil engineering host professional organiza-
tions as well, such as the International Society for Soil Mechanics and Geotechnical Engineering 
(ISSMGE), the American Concrete Institute (ACI), and the Society of Fire Protection Engineers 
(SFPE).

In recent years, increasing attention has been paid to ethical issues within this profession – see, 
for instance, the ‘vision of the 2025 engineer’ by one of current society’s most active professional 
engineering bodies, the ASCE (ASCE Steering Committee, 2006). Civil engineers’ knowledge, 
skills, and work have great potential for enhancing humanity’s quality of life and solving some 
of today’s most pressing global challenges (Koehn, 1991). Nonetheless, undesired outcomes can 
arise if citizens’ health, safety, and welfare are not placed at the center of civil engineers’ work. 
Several controversial issues related to infrastructure have filled the news over the past decades, 
including corruption cases and infrastructure collapses.
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Ethical considerations in civil engineering

To avoid adverse societal and environmental effects resulting from civil engineers’ work, future 
professionals must be trained to understand, identify, and solve ethical issues related to their work 
(Banik & Gouranga Banik, 2011). Engineering ethics education is vital in equipping engineers 
with the necessary knowledge and skills to navigate complex ethical dilemmas that may arise 
throughout their careers. In addition to the technical education essential for civil engineers, an 
effective education program should include a comprehensive exploration of ethical questions, case 
studies highlighting real-world ethical challenges civil engineers face, and opportunities for ethi-
cal decision-making and reflection.

Considering the above, this chapter aims to provide an overview of the ethical issues, dilem-
mas, and challenges that are fundamental in the education of civil engineering students. The 
chapter also addresses how the discipline’s students and practitioners might address these issues, 
dilemmas, and challenges.

Positionality

How we approach our discipline – the questions we ask, the methodologies and case studies we 
select – are shaped by our positionality, so it is vital to reflect on this briefly.

Two of this chapter’s authors are civil engineers, while the third is an applied ethicist with 
several years of experience teaching engineering ethics. The chapter is the result of an interdisci-
plinary exchange in which the authors have tried to bring together ethical theories and concepts 
with concrete applications relevant to the day-to-day practices of civil engineers.

All three authors identify as white and come from and currently work in Western European 
countries. As such, we have no lived experience of the racial oppression and global inequalities 
faced by many people. All three authors identify as cis heterosexual women. Although this makes 
us particularly attuned to the gendered dimensions of civil engineering, it also means that we have 
no first-hand experience of the marginalization faced by queer people. Finally, one of the authors 
identifies as disabled. This has certainly heightened our awareness of the impact that our choices 
have on disabled people. Still, the first-hand knowledge of a single person will necessarily provide 
only a limited guide to the lived experiences of a large and heterogeneous group.

The danger coming from our positionality is that, through our writing, we could re-center the 
voices of those in positions of social advantage. Attempting to mitigate this, we have consciously 
tried to problematize areas where civil engineering currently works to reinforce oppression and 
marginalization. We have placed emphasis on equality, diversity, and inclusion (EDI) throughout 
the chapter.

Overview of the chapter

The chapter starts by contextualizing the civil engineering discipline. The historical framework of 
the profession is described, as are the subdisciplines that make up civil engineering.

Two crucial aspects must be factored in when discussing ethics in civil engineering. One 
involves the different areas for ethical considerations, which we have grouped under the themes 
of (1) professionalism; (2) social responsibility; (3) sustainability; (4) health and safety; (5) equal-
ity, diversity, and inclusion (EDI); and (6) decolonization. Secondly, civil engineering projects 
have different life-cycle stages: (1) design and planning, (2) development and construction, (3) 
operation and maintenance, and (4) decommissioning. This chapter introduces the most impor-
tant aspects of the different life-cycle stages that require consideration for each thematic area. 
Nevertheless, readers of this chapter might want to explore the contents according to either the-
matic groups or according to the life-cycle stages. To help the reader go through the contents in 
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the order they find most convenient, the different contents of this chapter have been summarized 
in Table 14.1. This table also includes additional content that readers can explore independently.

• Ethical issues explored
 ° Case studies presented in this chapter
 - Other potential case studies

This chapter offers conceptual insights into ethical concerns and provides practical examples 
through case studies and discussion exercises for enriching students’ understanding of ethical 
issues (Harris et al., 2014; Whitbeck, 2011). The selected case studies portray real-world situa-
tions, covering a diverse spectrum of civil engineering contexts and subdisciplines, aligning with 
the chapter’s themes.1

The case studies serve as catalysts for student discussion. They encourage students to explore 
various scenarios, anchoring their arguments in established professional ethics codes while striv-
ing for solutions that align with these ethical guidelines. Teachers unfamiliar with this teaching 
approach can examine the discussions’ structure, alignment with ethical codes, personal experi-
ences in similar situations, and the resulting conclusions. (For more detailed advice on teaching via 
case studies, please see Chapter 20, and via discussion and reflection, Chapter 25.)

We suggest discussion questions that can be used in engineering classrooms to prompt discussion 
of core issues – but we encourage readers to consider these suggestions alongside advice on apply-
ing case study teaching methods as presented in Chapter 20 and recommended methods for teaching 
engineering ethics using reflective and dialogical approaches as presented in Chapter 25. The case 
study examples we draw from below are listed in Table 14.1, where key concepts, location within the 
construction process, the ethical issues explored, and other cases to be explored are also highlighted.

Lastly, civil engineering encompasses six primary subdisciplines: construction and buildings, 
energy infrastructure, environmental technology, water, transportation, and urbanism. This chapter 
addresses ethical concerns in each area, emphasizing specific issues where relevant. Each sub-
discipline is represented with at least one case study, providing a comprehensive view of ethical 
challenges in civil engineering.

Contextualization

In 2006, the ASCE convened a summit on the ‘Future of Civil Engineering’ to establish a global 
vision for the profession in the twenty-first century. The resulting document, ‘The Vision for Civil 
Engineering in 2025’ (ASCE, 2006), outlines the role of civil engineers as stewards of the natural 
environment and resources, innovators and integrators of ideas and technology across sectors, and 
leaders in shaping public policy.

This vision has been embraced by civil engineering associations worldwide, recognizing the 
profession’s responsibility in transforming the built and natural environments to achieve the ‘2030 
Agenda’ regarding the United Nations Sustainable Development Goals (SDGs). ASCE adopted a 
policy statement in support of the United Nations Sustainable Development Goals (ASCE, 2023), 
and ICE (2020) published the ‘UN75 Sustainable Engineering in Action’ to highlight civil engi-
neering’s role in this agenda.

The call for a more holistic and socially conscious approach to civil engineering is a global phe-
nomenon that professional associations in many countries have embraced. Various professional 
engineering organizations worldwide have developed codes of conduct that establish ethical stand-
ards for civil engineers. These codes, such as the Code of Conduct of the European Federation 
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of National Engineering Associations (FEANI), the ethical code of the Federation of African 
Engineering Organizations (FAEO), the guidelines for ethical conduct of JSCE (Japan’s society), 
and the Code of Ethics of Engineers Australia, share common themes of promoting responsibility 
to society and the environment. These examples illustrate that professional associations around 
the world are recognizing the need for civil engineers to be responsible stewards of the built and 
natural environment and to act with integrity and social awareness in their professional practice.

Therefore, the training of civil engineering graduates must include not only technical knowl-
edge but also the development of ethics skills essential for their professional practice. In addition 
to being excellent technicians, civil engineers need the ability to lead, influence, integrate, and 
weigh up the various social issues that underpin optimal approaches regarding planning, design, 
and construction. Engineers can more effectively navigate complex ethical dilemmas by culti-
vating ethics skills and assessing and balancing social, cultural, and philosophical aspects while 
making decisions. If students do not learn to appreciate elements of science such as its history, its 
relationship to culture, religion, differing worldviews, commerce – and its philosophical, episte-
mological, ontological, and methodological assumptions – then the vast opportunity for science 
and engineering to enrich culture and human lives cannot be fully realized (Matthews, 1994).

It is therefore essential to ask ourselves what role universities play in training twenty-first-cen-
tury civil engineers and what civil engineering model to use. Universities are responsible for cul-
tivating a comprehensive educational experience that extends beyond technical knowledge. They 
should aim to equip future civil engineers with a broad skill set, including critical thinking, ethical 
reasoning, interdisciplinary collaboration, and a holistic understanding of their work’s societal 
and environmental impacts. By incorporating these elements into their curriculum, universities 
can foster a new generation of civil engineers who are technically proficient, ethically conscious, 
socially responsible, and capable of addressing the complex challenges of our time. In doing so, 
universities can play a pivotal role in shaping the civil engineering profession and ensuring its 
alignment with the needs and aspirations of society.

Key ethical considerations for civil engineers

Professionalism

Civil engineers are part of a profession; their first and foremost responsibility is to the public good. 
The profession is regulated through several relevant professional bodies. They have a key role in 
supporting and guiding engineers to help them abide by professional and ethical standards. This 
kind of association serves several purposes, such as providing career support for members (Grigg, 
1998), helping steer the direction of education (Hildreth & Gehrig, 2010), and offering a platform for 
exchanging ideas. These associations exist for most engineering disciplines, as in civil engineering.

Crucially, professional bodies lay out the professional responsibilities of their members in rel-
evant codes of ethics (for more on professional organizations and codes of ethics, see Chapter 5). 
Professional ethics is essential for appropriately governing behavior among professionals of dif-
ferent disciplines. It differs from personal morality, which refers to those standards of conduct that 
apply to everyone in society rather than to members of a particular group. Instead, professional 
ethics are those standards of conduct that all members of a profession should follow (Harris et al., 
2014). As such, civil engineering ethics applies primarily to civil engineers. Although the separa-
tion between professional and personal responsibility is commonly accepted, other authors believe 
that professionals must acknowledge personal responsibility for the consequences of professional 
conduct (Christians & Nordenstreng, 2004). This perspective highlights the importance of consid-
ering the ethical implications of professional actions on a personal level.
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The construction of civil works usually involves large projects in which substantial amounts of 
public money are invested, and social agents, public administrations, and private companies are 
involved. For this reason, cases where the engineers in charge lack professionalism tend to receive 
much media attention. Such lack of professionalism is widespread during the work’s planning, 
design, development, and construction phases. It ranges from bribes to influence the location of 
a particular infrastructure to the construction of unnecessary engineering works that allows con-
struction companies to enrich themselves at the expense of public money (see the Maharashtra 
irrigation scam for a real-life example of this) to the choice of suppliers who are in some way 
linked to people who are to be favored financially.

Codes of conduct in civil engineering identify and describe various professional responsibili-
ties, such as declaring conflicts of interest, maintaining client confidentiality, refusing bribery, and 
reporting corruption (ICE, 2022). These codes primarily prioritize the safety, health, and welfare 
of the public, along with values like honesty and objectivity (Zhang & Wang, 2018).

The responsibilities that are laid out by professional associations, however, cannot be adopted 
unthinkingly. Codes of conduct can only provide general advice as a starting point for engineers. 
For example, they do not guide what should be done when two or more professional responsibili-
ties clash. Instead, they require engineers to interpret them (Davis, 1991). Common conflicts of 
duties that may arise are, for example, having to weigh up the duty of confidentiality to one’s 
client with the impact on the public if any safety issues are found during maintenance or with the 
potential adverse environmental impacts of decisions taken during the decommissioning stage of 
civil engineering projects.

Case study: National Society of Professional Engineers Board of Ethical Review Case 
97-13 (National Society of Professional Engineers Board of Ethical Review, 2008)

A civil engineer is subcontracted to inspect the current state of a bridge as part of a more com-
prehensive maintenance project. The scope of the engineer’s work is restricted to identifying any 
existing pavement damage and reporting this to the client.

While conducting the work, the engineer notices a defect in the bridge’s wall. Not long ago, a 
car driver had lost control of their vehicle, crashed through a part of the wall not far away from 
where the engineer is now spotting the defect, fell into the river, and died. The engineer believes 
that this defect could have contributed to the fatal crash.

Although it is outside of the scope of the work the engineer had been hired for, the engineer puts 
this detail into their notes and verbally informs the client of their suspicion, who then forwards this 
information to the public agency overseeing the maintenance project. The public agency contacts 
the engineer and asks them not to mention this supposition in their final report as it did not fall 
within the scope of their work. The engineer agrees to keep their notes but not to include the infor-
mation in the final report. They do not raise their suspicion with anyone else.

Discussion activity: This case presents a clash between client confidentiality and public safety. 
Do you think that the engineer was correct in retaining the information in their notes but not to 
include them in the final report? Do you think they were correct in not raising this information 
with anyone else?

Social responsibility

Civil engineers bear a primary duty to serve the public good. One way this social responsibility 
plays out during the design and planning process is that they must scrutinize the potential conse-



Irene Josa, Ester Gimenez-Carbo, and Christina Nick 

258

quences of their innovations for society and the environment. But what happens when unintended 
negative consequences occur despite their best efforts because of their innovation? It is helpful 
here to distinguish between unforeseen and unforeseeable harms. An unforeseen harm is a nega-
tive consequence that the engineer neither anticipated nor intended. Yet, in principle, an unfore-
seen harm could have been envisioned if, for example, more detailed work and consideration had 
gone into the design and planning process. In contrast, unforeseeable harms are those in which the 
engineer would not reasonably be expected to have known that a particular harm could occur as a 
result of their design, for example, because the necessary scientific knowledge was not available 
at the time (Sucklin et al., 2021). We tend to hold civil engineers responsible for unintended but 
foreseeable consequences. In contrast, we tend to resist doing the same in cases where the conse-
quences were unforeseeable during the planning process.

This is further complicated when we consider that civil engineering projects tend to require 
input from professionals from various disciplines, such as architecture or project management. 
This brings benefits as teams are more interdisciplinary, but also raises questions regarding the 
distribution of tasks and accountabilities in areas where responsibilities overlap. If a project fails, 
civil engineers may be held responsible for any design or construction errors that contributed 
to the failure. This responsibility may be legal or ethical, and civil engineers may face conse-
quences such as lawsuits, loss of professional licenses, or damage to their professional reputa-
tion. However, in cases where failures result from a range of factors, including inadequate project 
management, lack of resources, changes in project requirements, or unforeseen environmental or 
economic conditions, responsibility may be shared among multiple stakeholders, and a thorough 
investigation may be required to determine the causes of the failure and the parties responsible.

During the development and construction phase, a particularly important aspect to consider is 
the relationship with the local inhabitants of the areas where the construction is carried out. This 
includes the contracts made with and treatment of local suppliers and the workers who carry out 
the construction, especially in countries that do not have strong protection for workers’ rights. It is 
common for large engineering projects to be carried out by multinational companies that are based 
in the Global North. It is not permissible for these companies to exploit a lack of legal regula-
tions and protections when contracting and negotiating the working conditions of local workers or 
when purchasing anything from local producers. A vital framework in this context is that of cor-
porate social responsibility (CSR), according to which companies should integrate environmental 
and social considerations into their business operations and interactions with their stakeholders. 
According to stakeholder theory, businesses have duties not only to their shareholders but also to 
anyone who may be affected by their business, such as employees, users, local communities, and 
the environment. As such, CSR activities are seen as ethically justifiable, and indeed required, 
even when they do not directly maximize profits (Goodpaster, 1991).

Operation and maintenance also represent crucial stages in the life cycle of infrastructure in 
terms of social responsibility. During the operation phase, civil engineers are responsible for ensur-
ing the efficiency and safety of the functioning of the infrastructure. For this, regular inspections, 
maintenance activities, and addressing any operational issues that may arise are fundamental.

In the last stages of the life cycle of infrastructure, civil engineers are responsible for ensur-
ing that these structures are decommissioned or dismantled in a socially and environmentally 
responsible manner when they reach their serviceability limit. This includes minimizing the risk 
to human health and the environment, ensuring that materials and components of the infrastruc-
ture are disposed of or recycled in an environmentally responsible manner, and ensuring that the 
decommissioning or dismantling process does not cause unnecessary disruption to the local com-
munity.
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Case study: Saadiyat Island Abu Dhabi and worker rights

Saadiyat Island, Abu Dhabi, hosts prominent cultural institutions like the Louvre Abu Dhabi and 
the Guggenheim Abu Dhabi. However, concerns arose regarding working conditions and workers’ 
rights during its development (Human Rights Watch, 2009). Reports revealed exploitative condi-
tions for migrant workers: extended work hours, low wages, and poor living conditions. Many 
workers paid fees to recruiters, leaving them vulnerable and in debt. Their passports were confis-
cated and their movement was restricted, effectively trapping them.

This situation prompted protests and calls for action, eventually leading cultural institution 
developers to partner with the International Labour Organization for improved worker conditions 
and compliance with labor standards. This case underscores the social responsibility of companies, 
urging them to prevent exploitation and human rights abuses. Civil engineers must promote ethical 
practices and safeguard worker rights during projects.

Discussion activity: What are the social responsibilities of companies and organizations 
involved in large-scale development projects? How can civil engineers ensure that their projects 
are ethical and socially responsible? What measures can be taken to prevent exploitation and 
protect worker rights in large-scale development projects?

Sustainability

Civil engineering is crucial for society’s development, but its activities have significant environ-
mental impacts, like resource depletion and greenhouse gas emissions (see also Chapters 6 and 
11). As a result, civil engineers bear great responsibility for enhancing infrastructure while safe-
guarding the environment (Ramírez & Seco, 2012). Most codes of conduct and ethics established 
by professional associations place high importance on protecting the environment (Byrne, 2012). 
Zhang and Wang (2018) note that these codes acknowledge environmental protection as the top 
responsibility of engineers. Ethics and sustainability are closely linked, as sustainability chal-
lenges involve various stakeholders with conflicting needs (Curren & Metzger, 2017). Balancing 
societal demands and ethical considerations in finding solutions can be challenging. Hence, an 
understanding of ethics can be critical when deciding what techniques or strategies need to be 
employed (Biedenweg et al., 2013).

Designing and planning projects with sustainability in mind is of the utmost importance for civil 
engineers. Priorities include minimizing the use of energy, materials, and resources, and embrac-
ing circular design principles to reduce waste and regenerate resources. A thorough analysis of 
the supply chain is also essential to gauge the project’s true environmental impact (Engineering 
Council, 2021). Relevant considerations for civil engineers can include, for example, the suitabil-
ity of a particular location (e.g., Would the project interfere with a wildlife corridor?), the materials 
to be used (e.g., Will the building supplies be sourced locally?), and energy efficiency (e.g., Does 
the design use natural light effectively?). More fundamentally, however, sustainability ought to be 
a crucial guiding factor when we decide which projects to work on in the first place. Sustainability 
should guide project selection, favoring initiatives like expanding safe bike lanes over new motor-
ways, even if the latter were designed sustainably.

The construction stage of a project offers opportunities to increase the quality and sustainability 
of the project; excessive ground disturbance can be avoided, the use of recycled materials and the 
re-use of resources can be increased, and waste can be appropriately managed while meeting the 
needs of all project stakeholders from designers to suppliers, workers, and users (Vanegas, 2003). 
It is important to remember that manufacturing and construction processes typically use non-
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renewable resources. To address this, civil engineers must raise the use of recycled or regenerative 
materials and view demolition waste as a resource for recycling and reintegration into production 
(here again, Chapter 6 holds relevance).

Sustainability extends beyond these initial stages, remaining vital in the maintenance and 
operation of engineering projects. The operation and use of buildings is a key source of global 
greenhouse gas emissions (UN Environment Programme, 2022). Thus, prioritizing energy effi-
ciency in new designs and retrofitting older buildings with energy-saving measures is critical. 
Notably, there is a distinction between nearly zero-energy buildings (NZEB) with high energy 
efficiency and a significant share of renewable energy, zero-emissions buildings (ZEB) achieving 
high energy efficiency entirely from local or on-site renewables, and net-positive buildings that 
generate more renewable energy than they consume throughout their life cycle (Cole & Fedoruk, 
2015).

To enhance building sustainability, typical upgrades include improved insulation, shifting from 
gas central heating to ground-source heat pumps, and replacing incandescent bulbs with LEDs. 
When designing energy-efficient new buildings, civil engineers should prioritize natural light 
through well-placed windows and effective use of solar energy. At the same time, they need to 
consider the ability to effectively use solar energy to heat the building during colder months while 
avoiding overheating during warmer ones. Ways of using natural ventilation or the creation of 
green roofs and facades to aid in this process can be incorporated. Designers (including teams of 
civil engineers and architects) should also consider to what extent the building can be designed to 
create the energy it uses, for example, via solar panels.

Sustainability’s role isn’t confined to the project’s initiation, operations, and maintenance but 
also includes decommissioning. Civil engineers often need to manage substantial volumes of con-
struction and demolition waste; these rank among the most significant waste sources.

In the context of sustainability and ethics, circular economy practices aim to minimize waste 
and optimize resource utilization. The circular economy is based on two cycles: the technologi-
cal cycle and the biological cycle (McDonough & Braungart, 2009). In the technological cycle, 
materials are repaired, re-used, re-purposed, and recycled; in the biological cycle, any nutrients 
are returned to nature. With the introduction of circular economy practices, decommissioning 
is no longer restricted to demolition but to any other process aimed at recirculating the material 
of the decommissioned infrastructure (Ellen McArthur Foundation, n.d.). Yet it is worth noting 
that critics of the circular economy argue that, no matter how circular our economy is, unless we 
stop aiming for constant economic growth, we will always exceed planetary boundaries (Hickel, 
2020).

Infrastructure obsolescence is a critical factor to consider in sustainability efforts. Obsolescence 
occurs when an infrastructure component or system is no longer effective or efficient in meeting 
current demands. Civil engineers can take several approaches to confront obsolescence, includ-
ing planning for obsolescence by using materials that can be easily dismantled, re-used, recycled, 
or returned to the natural environment and planning to delay obsolescence by carefully selecting 
materials – encouraging a shift from a use-and-throw-away mindset to one that prioritizes re-use 
and repair (Lawlor, 2015). Civil engineers can limit the effects of infrastructure obsolescence by 
incorporating long-term planning and life-cycle cost analysis into their work.

Case study: Powerhouse Kjørbo

Between 2013 and 2014, two 1980s-era office buildings on Oslo’s outskirts underwent complete 
renovation, resulting in Powerhouse Kjørbo (UNFCCC, n.d.). This project became one of the 
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world’s first renovations to generate more renewable energy than it consumes throughout its life-
time (encompassing construction, materials, maintenance, operation, and eventual demolition).

Preserving the old structure while enhancing insulation, cladding, and windows maximized 
energy efficiency. Solar energy generation was enabled via photovoltaic systems, and old building 
materials were repurposed, transforming external glass panels into interior office walls. Ground-
source heat pumps are used to supply energy. Furthermore, the renovation encourages sustainable 
behaviors by providing bike storage and showers to promote cycling to work, and parking spaces 
equipped for electric vehicles.

Class activity: In groups, select a campus building and plan upgrades to achieve a desired 
energy efficiency level.

Health and safety

Health and safety are paramount in civil engineering projects throughout their life cycle. During 
the planning phase, engineers must carefully assess risks and benefits. This includes considering 
the nature of the potential harm, the affected parties’ awareness and consent, the project’s overall 
value, the availability of alternative and less risky approaches, and opportunities to take reasonable 
precautions to mitigate the potential harm. Engineers often face trade-offs between cost-effec-
tiveness and safety, but they must prioritize ethical concerns alongside economic considerations 
(Toole, 2007).

During the construction phase, risks exist for both workers and local communities. Although 
zero risk is unattainable, most accidents are preventable. Occupational risk prevention should be 
integrated into projects. Strict adherence to health and safety measures and the provision of per-
sonal protective equipment are essential. Neglecting safety regulations or failing to provide neces-
sary measures is unethical and may be illegal. Neglecting workers’ well-being, including working 
hours and rest periods, can lead to exhaustion-related accidents. For instance, during Qatar’s 2020 
World Cup construction, over 38,000 workers suffered accidents, resulting in 37 deaths (Re & 
Tunon, 2021).

Ensuring occupational health and safety during operation and use must be a top priority 
(Lukhele et al., 2023). Given the longevity of these projects, continuous maintenance plays a vital 
role in sustaining user safety. Maintenance encompasses preventive and corrective aspects.

Preventive maintenance aims to anticipate and address issues before they arise, typically on 
a scheduled basis. It involves creating a maintenance plan that factors in the product’s expected 
lifespan, material degradation rates, downtime costs, resource availability, and user safety. The 
goal is to maintain reliability and safety without wasting time or resources. Corrective mainte-
nance addresses specific problems that arise during regular maintenance or in response to inci-
dents (Stenström et al., 2016). Insufficient or infrequent preventive maintenance often leads to 
such issues. However, routine maintenance may not always revisit initial design choices, limiting 
maintenance personnel’s ability to detect health and safety issues that are rooted in design flaws.

At the end of an infrastructure’s life cycle, whether dismantling for re-use or demolition, poten-
tial associated risks must be considered. Decommissioning can involve handling hazardous mate-
rials like asbestos, lead, or radioactive substances, posing health risks to workers and the public. 
Civil engineers must ensure safe decommissioning in compliance with health and safety regula-
tions. Environmental impacts, such as proper waste disposal and site remediation, also require 
attention.

Worker safety during decommissioning is critical, involving proper training, equipment, and 
safety protocols for handling hazardous materials. Long-term community effects should not be 
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overlooked, hazards should be effectively communicated to the public, and measures should be put 
in place to mitigate potential health risks.

Case study: La Scala Opera House asbestos deaths

In 2001, six retired workers from La Scala Opera House in Milan, Italy, died due to asbestos expo-
sure (ACTS FACTS, 2016). Their exposure occurred while handling insulation materials contain-
ing asbestos fibers in the theatre’s workshops, highlighting the grave risks of working in neglected 
older structures.

Asbestos, once valued for its insulation and fire-resistance properties, later proved detrimental 
to human health – causing lung cancer, asbestosis, and mesothelioma. Despite Italy’s 1992 ban on 
asbestos, many older buildings still harbor asbestos-containing materials (ACMs). La Scala Opera 
House failed to safeguard its workers, failing to provide protective gear, professional removal, and 
education regarding health risks.

Discussion activity: What are the potential health and safety risks associated with working in 
older buildings? What measures can civil engineers take to protect workers and occupants from 
hazardous materials like asbestos? How can communication and training be improved to raise 
awareness of health and safety risks in the workplace? Class discussion of this topic can benefit 
from consideration of individual and collective dimensions of ethical decision-making in engi-
neering as presented in Chapter 3.

Equality, diversity, and inclusion (EDI)

Although infrastructure is considered essential to satisfy the most basic human needs, civil engi-
neering has inherently incorporated biases in its processes and methodologies, which have contrib-
uted to injustices. Civil engineers, therefore, must acknowledge how their projects impact people 
with different characteristics such as gender, age, socio-economic status, health status (Lowe et al., 
2015), or location (Maswime, 2021). Not considering these characteristics can further perpetuate 
existing vulnerabilities (Field et al., 2022; Hao et al., 2023).

A civil engineer’s responsibility to “promote equality, diversity and inclusion” (Royal Academy 
of Engineering and Engineering Council, 2017, p. 1) clearly applies to how they design and plan 
projects. Structures and products should be accessible to as many people as possible and ought not 
to discriminate unjustifiably based on characteristics such as the ones mentioned above. The pri-
mary principle that civil engineers should follow to achieve this, is to put users’ needs at the center 
of their design (for more on this please see Chapter 12 on the foundations of engineering design). 
The planning process should start with considering who the users will be, identifying their dif-
ferent characteristics and needs, and embracing this diversity. Sometimes, this means that design 
solutions must offer users different options to engage with a product or space. The more flexibil-
ity and the ability to adapt to people’s needs is built into the design, the more inclusive the final 
product will be. It is important that inclusion for civil engineers is not just about physical access to 
spaces but also includes emotional and intellectual factors such as, for example, whether a space is 
signposted and enjoyable to use. Furthermore, design should not only be inclusive but also avoid 
hostile features such as, for example, sectioned benches intended to deter rough sleeping.

The need to make inclusive design choices comes up in various civil engineering projects. 
Examples that readily spring to mind often relate to designs that increase accessibility for disabled 
users, such as, for example, integrating ramps into building plans to make them wheelchair acces-
sible or incorporating tactile paving in city planning to help blind and visually impaired pedestrians 
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navigate streets safely. Yet inclusive engineering can also include issues such as, for example, the 
provision of public toilets in urban planning to address existing gender inequalities (Greed, 2019).

Another factor that impacts the inclusiveness of our design choices regards the makeup of the 
profession itself. In particular, the number of men practicing civil engineering is still significantly 
higher than the number of women; for example, in 2022 in the United States, only 17.1% of civil 
engineers were women (U.S. Bureau of Labor Statistics, 2022). This trend will not be corrected in 
the coming years since the number of women who access relevant university courses is still lower 
than that of men; for example, in 2017–2018 in the United States, only 25.9% of civil engineering 
undergraduate degrees were awarded to women (Roy, 2018).

To better understand just how widespread the idea is that civil engineering is a profession pri-
marily practiced by men, let us briefly consider the well-known case of the Citicorp Center build-
ing in Manhattan. It was about to collapse due to a miscalculation during the project phase, which 
made it weak against forces caused by winds. Luckily, a Princeton student who was analyzing 
the structure of the building for their studies noticed the miscalculation and alerted the engineers’ 
office in New York. The building was secretly repaired, and the truth only became publicly known, 
by chance, 20 years later. While this case is often used in ethics classes, it is interesting to note 
that for a long time, the student’s name was not known and that everyone simply assumed he was 
a man. In fact, the Princeton student who discovered the calculation error and presented it in her 
undergraduate thesis was a woman: Diane Hartley.

When engineering projects are created, they are inevitably affected by the broader socio-politi-
cal context at the time. This means that the end product may reflect existing inequalities and biases 
within the profession. This can happen both implicitly and explicitly. Regarding the former, we 
tend to design projects with people like us in mind. Even if we do not set out to favor one group 
at the expense of another, our biases mean that we can inadvertently create projects that do so. 
In a profession like engineering that historically has been dominated by men, for instance, many 
projects have not been created with women in mind. We can see this, for example, in urban trans-
port systems, which usually do not account for the gendered dimensions of travel. For example, 
women have been found to make more non-commuting trips relating to domestic responsibili-
ties and travel more during off-peak hours (Ng & Acker, 2018). Sometimes, however, existing 
inequalities and biases are used explicitly to justify creating discriminatory projects. There is, 
for example, a well-documented history of urban planning and infrastructure projects that were 
influenced by racist attitudes to explicitly serve white communities at the expense of minoritized 
ethnic groups (Reft et al., 2022). When thinking about the operation and maintenance of existing 
projects, it is therefore essential for civil engineers to bear the relevant socio-political context in 
mind and aim to counter unjustified discrimination through appropriate changes and upgrades.

While the end-of-life stage of infrastructure is sometimes seen as an opportunity to develop 
new infrastructure which might enhance society’s quality of life, it can come at the cost of forc-
ing dwellers to move or depriving users of a service that they were previously utilizing (e.g., a 
community center, a school). Demolition can particularly affect disadvantaged communities. Civil 
engineers can promote inclusive practice through transparency and stakeholder engagement in 
decommissioning. A successful example of EDI being effectively included at the project’s end-of-
life is the Kibera public space project (in Nairobi, Kenya), which involved rehabilitating a former 
dumping site to turn it into a public space.

Case study: trans-inclusive sanitation

Since 2011, Nepal has recognized a third gender category for those who don’t identify as strictly 
male or female. In 2012, the first gender-inclusive public toilet opened, allowing use by any 
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gender. A different approach emerged later, featuring gender-segregated toilets with spaces 
for women, men, and third-gender individuals. Feedback from the third-gender community 
was positive, as they gained access to appropriate sanitation facilities, reducing the need for 
open defecation. Having a designated third-gender toilet also raised awareness and acceptance 
among the public. However, this approach raised concerns among trans individuals. People 
often assume all trans individuals identify as being third-gender, potentially leading to abuse 
and violence when trans men and women use gender-specific toilets. Balancing the needs of 
third-gender and trans individuals remains a challenge in ensuring equitable access to sanitation 
(Boyce et al., 2018).

Class activity: Consider inclusive design principles in a diversity impact assessment for both 
gender-inclusive and gender-segregated public toilets in Nepal. Discuss the best way to accom-
modate the diverse needs of various groups.

Decolonization

The global history of colonialism has shaped many existing engineering projects. During European 
colonialism, European powers occupied foreign territories to violently extract labor and natural 
resources for the sole benefit of the colonizers. They portrayed indigenous populations as back-
ward and in need of civilization through European-based science and technology. This has left 
long-lasting legacies and created power imbalances between the Global North and the Global 
South, which have been reflected in development policies and practices. The aim of decolonization 
is to undo these harmful legacies by fundamentally questioning and undoing the unfair privileges 
held by the Global North and the systems it has created to uphold them (Maldonado-Torres, 2016). 
In this way, the aim of decolonization goes beyond equality, diversity, and inclusion initiatives; 
whereas the latter wants the inclusion of marginalized groups in the current system, the former 
wants to question and undo that very system. For more on this topic, please see Chapter 9 titled 
‘Sociological, Postcolonial, and Critical Theory Foundations of Engineering Ethics Education.’

Civil engineering is deeply intertwined with the project of colonialism – after all, it was civil 
engineers who built the ports, roads, and railways that enabled the slave trade and theft of natural 
resources from colonized countries (Muller, 2018). When engineers are designing and planning 
their projects, they need to be aware of how they are connected to this wider global context and 
how they may, even if only inadvertently, further entrench global inequalities.

When planning to work on projects in foreign settings, especially in countries in the Global 
South, civil engineers must be mindful of their positionality in the broader socio-political context 
of (neo-)colonialism. For example: Does the project have local involvement or is it administered 
through a top-down approach driven by the interests of a multi-national organization? Are local 
collaborators meaningfully involved in the project’s design, or are they relegated to physical or 
unskilled work? Are local collaborators sufficiently remunerated and given acknowledgment for 
the work that they are contributing? More broadly, engineers need to ask themselves to which 
extent the projects they are designing are buying into unhelpful ‘white savior’ and ‘deficit’ nar-
ratives in which skilled and educated professionals from the Global North are conceptualized as 
coming to fix the problems experienced by the Global South (Eichhorn, 2020; Noxolo, 2017).

The influence of colonialism on engineering projects also extends to the construction phase. 
During colonial times, civil engineers were involved in building infrastructure that facilitated the 
exploitation of resources and the control of colonized territories. Today, even when working within 
a domestic context, the reliance on global supply chains means that civil engineering projects 
will take on global dimensions in which engineers must be cognizant of this historical context of 
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resource extraction and the potential perpetuation of unfair power dynamics. For example: Does 
our design rely on materials created abroad by workers in unsafe conditions who are not paid a 
fair wage? Or are we planning on using materials from abroad that are causing environmental 
degradation and endangering local ecosystems and livelihoods?

Initiating a process of decolonization also relates to the operation and maintenance of already 
existing structures. To see this, consider how colonizers created a false narrative that presented 
the building of infrastructure projects such as railways, roads, and ports as a benefit to local 
populations – a way of integrating them into the European world of enlightenment and progress 
(Carneiro et al., 2000). While many occupiers left once the former colonies gained independ-
ence, the infrastructure projects that they had built remained – and to this day crucially shape 
aspects of transport and the economy in formerly colonized countries. When working on main-
taining and upgrading such structures, it is therefore essential for engineers to consider whether 
their continued use is sustaining colonial policies and ideas, albeit in a slightly different guise, 
today.

Many life-cycle stages in civil engineering, especially the decommissioning phase of projects, 
involve producing large amounts of waste. Here, civil engineers should be particularly aware of 
how the disposal of industrial waste can contribute to environmental racism by placing dispropor-
tionate environmental burdens on indigenous communities and communities of color through the 
positioning of landfills and toxic waste disposal facilities on their land or in their neighborhoods 
(Bullard, 1993), or by sending waste produced in the Global North to countries in the Global South 
(Okafor-Yarwood & Adewumi, 2020). What happens to the waste that civil engineers create can 
contribute to reinforcing racial disparities and global inequalities.

Case study: The Central Corridor, Tanzania

In the early twentieth century, German colonial rulers constructed a central railway line span-
ning Tanzania to facilitate the exploitation and export of the nation’s natural resources. Today, 
the Tanzanian government is investing in the Central Corridor, which aligns with this historic 
railway. The Corridor comprises a transportation network featuring motorways, railways, ports, 
and pipelines, coupled with an economic focus on industries such as oil, gas, fishing, agriculture, 
and tourism. The government contends that industrialization along the Corridor will generate jobs 
and alleviate local poverty.

However, the new Corridor follows the footprint of colonial-era infrastructure, initially built 
to support German interests in an export-oriented economy. Similarly, the Central Corridor aims 
to boost Tanzanian exports, integrating the nation into the global market dominated by former 
colonial powers. While it enhances the movement of goods and capital, it does not necessarily 
increase the mobility of the rural population as urbanization is actively discouraged in order to 
maintain a sufficient workforce along the corridor. Thus, the colonial railway line serves as a con-
duit for carrying colonial policies, albeit with different manifestations, into the present day (Enns 
& Bersaglio, 2020).

Class activity: Choose a structure in your area with colonial history, describe its past and cur-
rent use, and analyze whether its present function perpetuates colonial agendas.

Conclusions

This chapter has provided an overview of some ethical issues related to different areas and life-
cycle stages that can be included in civil engineering education. However, it is essential to note 
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that the topic of ethics in civil engineering is vast and complex, and it is impossible to cover eve-
rything in a single chapter. Nonetheless, we hope that this chapter has served as a starting point for 
readers to reflect on the ethical responsibilities that come with the practice of civil engineering and 
that engineering education should be prepared to address.

We have highlighted the importance of considering the full life cycle of infrastructure pro-
jects, from design and planning to development and construction, to operation and maintenance, to 
decommissioning. We have also discussed some key aspects that should be considered to facilitate 
determining the ethical responsibilities of individual professionals. It is well worth also consid-
ering and actively engaging in discussion regarding the individual and collective dimensions of 
ethical decision-making in engineering (Chapter 3), because civil engineers need to learn to work 
together to shape their collective approach to ethics in our constantly changing world, in addition 
to monitoring their own individual behavior and the behavior of the firms and projects where they 
operate (see also Chance et al., 2021).

However, it is important to acknowledge that the considerations outlined in this chapter only 
scratch the surface of a complex and multifaceted topic. Ultimately, the responsible practice of 
civil engineering requires a deep understanding of the ethical challenges and considerations that 
arise throughout the project life cycle. We hope that this chapter will inspire readers to continue 
exploring these issues in greater depth and to approach their work with a commitment to ethical 
and sustainable engineering practices.

Note
1 More case studies from a variety of engineering disciplines can be found at the following website https://

epc .ac .uk /resources /toolkit /ethics -toolkit /ethics -toolkit -case -studies/
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Introduction

This chapter discusses ethical issues in the related fields of mechanical and aerospace engineering 
from a critical perspective. These disciplines use mathematical and scientific principles to design, 
analyze, and construct mechanical systems. Mechanical engineering, which focuses on a wide 
variety of mechanical systems, is one of the oldest, most common, and broadest degree programs 
to be offered by colleges of engineering (American Society for Engineering Education, 2022; 
Dixit et al., 2017; Grayson, 1980). Mechanical engineers design commercial power-producing and 
power-using machines such as medical devices, kitchen appliances, industrial robots, and auto-
mobiles (US Bureau of Labor Statistics, 2023a). Aerospace engineering covers many of the same 
concepts but applies them to designing aircraft and spacecraft systems for commercial and military 
purposes (US Bureau of Labor Statistics, 2023b). As aerospace engineering can be considered a 
specific focus area within mechanical engineering, we address both fields in this chapter.

Undergraduate mechanical and aerospace engineering curricula cover a wide range of technical 
concepts such as statics and dynamics, strength of materials, thermodynamics, combustion, fluid 
mechanics, controls, machine design, and manufacturing. In addition, undergraduate mechanical 
and aerospace programs also commonly emphasize design processes and professional skills, such 
as communication, leadership, and ethics. Across the world, the structure of degree programs var-
ies, as does the approach to the integration of professional skills into the curriculum. However, the 
incorporation of ‘ethics,’ by some definition, is common globally, particularly in the 23 countries 
that are signatories of the Washington Accord (International Engineering Alliance, 2021). The 
various conceptualizations of ethics education generally agree on the necessity of considering 
interactions between engineering technology and the people who both affect it and are affected by 
it. However, there are vastly differing approaches to what exactly ‘ethics’ encompasses and how 
ethics is taught – from presentations of case studies of engineering disasters to emphasis on the 
importance of communication with stakeholders to analyses of the perpetuation of colonization 
through technology. Accreditation documents, like the Washington Accord, do not address these 
questions. We argue that ethics education must engage mechanical and aerospace engineering 
students in deeper conversation to critically analyze the sociotechnical impacts of their fields and 
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develop the critical consciousness (Freire, 1970) necessary to build toward social justice. (For 
more on reflective and dialogical approaches in engineering ethics education, see Chapter 25.)

In this chapter, we deliberately employ a critical, emancipatory framework as framed by activ-
ist scholars such as Paulo Freire (Freire, 1970) and bell hooks (hooks, 1994). In doing so, we aim 
to push against the Western1 conceptualization of mechanical and aerospace engineering as apoliti-
cal, neutral fields (Cech, 2013). This typical framing of engineering ethics focuses on micro-ethics, 
the individual responsibilities of engineers within the established guidelines of their profession, 
rather than macro-ethics, the collective social responsibility of the profession (Herkert, 2005). 
(For more on individual and collective dimensions of ethical decision-making in engineering, 
see Chapter 3.) Instead, we argue that developing students’ critical consciousness (as per Freire, 
1970) should be a primary objective of engineering ethics education. To this end, we address 
how mechanical and aerospace engineering have historically facilitated oppression and inequity 
through their embrace of apolitical framings, their avoidance of macro-ethical topics, and their 
lack of development of critical consciousness in education. Our analyses focus very explicitly on 
systems of power as we attempt to address root causes of systemic oppression (thus complement-
ing Chapters 8, 9, 35, and 36, which also adopt critical perspectives and provide helpful context 
beyond the fields of mechanical and aerospace engineering). This approach may be challenging to 
some readers because it confronts mainstream realities in engineering practice and critically ques-
tions the development of engineering identity (Cech, 2013). We encourage the reader to lean into 
this discomfort, explore some of the literature cited herein, and discuss it with colleagues, peers, 
and the authors of this chapter to understand this ‘unfamiliar’ perspective.

To structure this chapter, we present and dissect four topics central to mechanical and aerospace 
engineering: the military-industrial complex, automation, sustainability efforts, and humanitar-
ian engineering. While these topics involve engineers from many disciplines, they directly relate 
to positions of employment commonly held by aerospace and mechanical engineers. These four 
topics involve various socio-political issues that render them useful for students’ reflection and 
discussion within a critical ethics education. They serve as concrete examples that can be taught 
in mechanical and aerospace engineering courses to help students understand the macro-ethical 
implications of their work. Furthermore, this type of critical systemic analysis can be applied 
to other topics in mechanical and aerospace engineering. Critical education on these and other 
issues is imperative to build toward emancipatory sociotechnical orders2 – not to undermine exist-
ing approaches and perspectives on ethics education, but to add a perspective that is commonly 
ignored and overlooked in engineering. To close the chapter, we include a discussion of a critical 
question for the future of the fields: What does a conceptualization of mechanical and aerospace 
engineering education committed to social justice look like? To do this, we highlight examples of 
mechanical or aerospace engineering practice and education committed to social justice and the 
empowerment of marginalized communities.

Positionality, frameworks, and approach

We first outline the positionality of the author team, which consists of our social backgrounds and 
an acknowledgment of their impact on our perspectives on and approach to engineering ethics edu-
cation. Corin Bowen is a white cisgender woman from a rural community in the United States with 
a background in structural engineering and mechanics. She works as a tenure-track professor of 
engineering education research. Cristiano Cordeiro Cruz is a white Brazilian cisgender male with 
a background in philosophy and engineering who works as a visiting researcher at two Brazilian 
universities. He is a member of the Brazilian Network of Popular Engineering. Aaron Johnson is 
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a white, cisgender male from the United States with a background in aerospace engineering who 
conducts engineering education research as a tenure-track professor in an aerospace department. 
Renato Bezerra Rodrigues is a white Brazilian cisgender male with a background in engineering 
and philosophy who is currently pursuing a Ph.D. in engineering education. We all recognize the 
ways in which we each come from a privileged background, and we are all committed to exploring 
emancipatory approaches to our work as engineering researchers and teachers. Due to our personal 
experience with engineering education in the United States, Canada, and Brazil, we primarily ana-
lyze engineering and engineering education systems within the context of these settings and our 
own social positions within them.

In this chapter, we take an emancipatory approach to engineering ethics education. We recog-
nize that the field of engineering and the educational processes within it enable, support, and per-
petuate colonial,3 cis-heteropatriarchal, racist, capitalistic, and militaristic systems (Cech, 2013). 
We assert that engineering education should prepare students to apply their engineering skills and 
knowledge not only in the service of mainstream capitalist beneficiaries within the domain of 
engineering industry, but also in the construction of new lived realities at both individual and com-
munity scales (Freire, 1970). In this way, engineering agency can be redirected toward social jus-
tice and decolonizing efforts toward equitable societal change (Alvear et al., 2021; J. A. Leydens 
& Lucena, 2018).

Technology and engineering are not politically or ontologically neutral (Cruz et al., 2024). 
They support, emulate, and/or create social orders and ways of living, such as the individualis-
tic, consumerist, and Christian ones that are dominant in the Global North. Thus, any change in 
how we (want to) live and make sense of our lives – both individually and collectively – requires 
widening or decolonizing engineering practice, supporting knowledge, and research. Alternative 
framings exist that describe alternative ways of living and being, such as the Amerindian Buen 
Vivir (Acosta & Abarca, 2018; Estermann, 2006) and African Ubuntu (Ewuoso & Hall, 2019; 
Le Grange, 2019), which are centered upon values such as collective wellness, humanity, and 
care. Alternative framings for engineering and engineering education are capable of leading to the 
development of different technologies that bring about the construction of such different social 
arrangements and ways of living. Within engineering fields, if ethics education is to facilitate such 
emancipatory sociotechnical arrangements, then mechanical and aerospace engineering students 
in our programs must:

 1. Realize that the hegemonic sociotechnical order we live in is constructed and moldable.
 2. Be aware of the possibility of alternative sociotechnical arrangements.
 3. Be able (to learn how) to construct the technological infrastructure of other possible 

worlds.

These are not trivial endeavors; they require a complete reframing of both engineering more 
generally and engineering labor and practice more specifically. As such, considerable dialogue 
will be needed to initiate these efforts. This chapter aims to contribute to and encourage such 
dialogue, especially within educational spaces. For this reason, we lean heavily into the domain 
of macro-ethics and attempt to challenge existing Western norms of acceptable macro-ethical 
behavior. We also advocate for sociotechnical education in which macro-ethics is integrated into 
technical engineering coursework rather than compartmentalized as ‘separate’ from the role of an 
engineer (e.g., Benham et al., 2021). This helps combat the prevailing engineering culture, which 
purports engineering to be purely technical, objective, and apolitical (Cech, 2013; Nieusma, 
2015).
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Sociotechnical issues in mechanical and aerospace engineering

The military-industrial complex

The military-industrial complex refers to the capitalistic enterprise of weapons research, develop-
ment, and manufacturing that supplies Western imperial governments and military forces, a lucra-
tive endeavor that frequently occurs at the expense of people and communities in the Global South 
(Christiansen, 2020). The fields of mechanical and aerospace engineering in the Global North 
are closely tied to the military-industrial complex in terms of financial support, research direc-
tions, and career prospects. The US aerospace industry is often referenced monolithically as the 
‘aerospace and defense’ industry (2023 Aerospace and Defense Industry Outlook, n.d.), conflating 
commercial and military aerospace technology. The design and optimization of the manufacture of 
weaponry are also undertaken mainly by mechanical engineers (Aerospace Engineering, n.d.; How 
to Become a Firearm Engineer, 2018). Given the career prospects of aerospace and mechanical 
engineers in Western countries, the relationship between engineering practice and colonial militar-
ies is a common macro-ethical dilemma for students in these fields (Strehl et al., 2023). However, 
this relationship is not frequently acknowledged nor discussed within educational spaces. Instead, 
the connection is generally accepted (particularly within aerospace engineering) without critical 
questioning or discussion by engineers or engineering educators. Thus, we argue the need for aero-
space and mechanical engineering programs in Western countries to directly confront the macro-
ethical issue of the military-industrial complex in their programs and classrooms through critical 
questioning, intentional reframing, and dialogue.

Throughout modern history, imperial forces have utilized engineering and technological skills 
and development to advance the efficiency of weapons in producing mass death and destruction. 
The success of this agenda has been illustrated by the escalating efficiency of weaponry in ter-
rorizing marginalized populations, typically perpetuated by powerful entities in the Global North 
at the expense of people and communities in the Global South. The growth and expansion of 
global capitalism, dominated and controlled by a wealthy elite in Western countries, is inextrica-
bly intertwined with ongoing processes of colonialism. Put simply, war is a profitable business. 
Arms sales from the five biggest ‘defense’ companies in the world (all of which are located in the 
United States) totaled over 191 billion US dollars in 2021 (SIPRI, 2021). An economic report in 
2012 demonstrated that, within the for-profit corporate model, the defense industry is actually 
more profitable than other areas of industry (Wang & San Miguel, 2012), generating income that 
is directed to a wealthy elite consisting of corporate owners and shareholders while simultane-
ously producing weapons that are used to decimate populations in colonized regions. These private 
‘defense’ corporations employ mechanical and aerospace engineers to use their technical training 
to produce weapons systems. An estimated 30%–60% of engineers employed in the United States 
work on projects sponsored by military funding sources (Meiksins & Smith, 1996; Papadopoulos 
& Hable, 2008).

In Western countries, mechanical and aerospace engineering educational spaces and programs 
fail to challenge this reality. Both what we teach and how we teach it are tied to military goals, 
practices, and structures (Lucena, 2011). Military entities and the for-profit corporations that 
supply them are lucrative sources of income for universities (McLaren & Farahmandpur, 2001). 
As such, the systemic structures of militarism and capitalism effectively feed on one another to 
drive forward engineering efforts to enact violence against oppressed peoples, including in spaces 
explicitly designated for educational purposes. Introducing macro-ethical content into mechanical 
– and, particularly, aerospace – engineering curricula should directly confront this reality through 
open acknowledgment and critical discussion.
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One recent example that serves as a valuable case study of the macro-ethics of aerospace engi-
neering is Raytheon’s production of missiles and other weaponry that have been used by the Saudi 
Arabian government to commit genocide4 in Yemen (Bachman, 2019; Wilken & Kane, 2020; 
Drysdale, 2022). Since 2014, the United States has been supportive of the Saudi-led campaign 
in Yemen, stemming from conflict between the political interests of the Saudi and Iranian gov-
ernments. Yemen, the poorest nation in the Arab region, is experiencing ongoing genocide as a 
result of the conflict, with 233,000 people believed to have died since the start of the conflict (UN 
humanitarian office, 2020). From a macro-ethical perspective, the lived experience of the Yemeni 
people necessitates critical reflection on the role of the US military-industrial complex in the 
mass murder of Yemenis. Raytheon has sold billions of US dollars’ worth of bombs and missiles 
to the Saudi Arabian government since the onset of the conflict (LaForgia & Bogdanich, 2020). 
The company has vehemently denied any wrongdoing, echoing arguments to evade responsibility 
or blame supported by the prevailing ‘apolitical’ framing of Western engineering (Cech, 2013). 
However, from a critical, macro-ethical perspective, engineers at Raytheon would certainly bear 
part of the responsibility for work that directly results in the murders of tens – if not hundreds – of 
thousands of innocent people.

Resistance to the military-industrial complex already exists within the body of Western engi-
neering workers, for example, through organized groups such as Science for the People (Rullán, 
2021). This movement was formed in the 1960s by students and academics in direct response to 
research activity that supported the Vietnam War (Wisnioski, 2003). If, throughout their educa-
tion as mechanical and aerospace engineers, more students become exposed to the critical issue 
of militarism in engineering and have the opportunity to see resistance work as a possible part of 
being an engineer, this would open up new corridors for organized masses of engineers to radically 
transform the worlds they exist within, rather than solely using their engineering skills and knowl-
edge to supply the violence of a continued militaristic and capitalistic world order.

Automation

Since the Industrial Revolution of the late eighteenth century, mechanical engineers have designed 
and built mechanical devices – and later computers – to fully or partially complete tasks without 
human assistance. Whatever the form, mechanical and aerospace engineers have and will continue 
to play a large role in developing automated machines like industrial robots or flight management 
systems. Thus, our educational programs are tasked with presenting to students which considera-
tions and whose voices are worthy of influence within the design process.

A common argument supporting automation is that it has a net benefit for society by increas-
ing safety, efficiency, and the amount of time humans have for leisure. However, history has 
shown that automation changes the nature of work rather than removing work (Autor et al., 2020; 
Bainbridge, 1983) and leads to deskilling (the loss of manual skill) in the long term (Feenberg, 
2009; Wiener & Curry, 1980), while the benefits of automation are not equitably distributed across 
society, contributing to and widening the impacts of existing power relations.

As a case study of the societal-level impacts of automation, we look at the introduction of 
the mechanical tomato harvester in California, the United States, in the 1960s (Winner, 1980). 
Between 1961 and 1967, the number of harvesters in use grew from 25 to 1,000 (Schmitz & 
Seckler, 1970), and today nearly all tomatoes grown in the United States for processed food are 
harvested mechanically. While the tomato harvester was a technical success in the mechani-
cal engineering and agricultural science fields, it significantly impacted agricultural labor in 
California. The machine displaced nearly a half-million person-hours of work in 1965 alone 
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(Schmitz & Seckler, 1970), and an estimated 32,000 jobs were lost by the late 1970s (de la Peña, 
2013). Most of these jobs were previously filled by Mexican-American workers, who reason-
ably viewed the harvester as yet another manifestation of racial capitalism. The harvester also 
led to a consolidation of the tomato-growing industry, in which the number of tomato growers 
decreased by approximately 85% after the machine’s introduction, with smaller farms closing 
because they did not have the land nor resources to make a profit given the steep price of a 
mechanical harvester (Carlisle-Cummins, 2015; de la Peña, 2013). This consolidated wealth 
into the hands of a few powerful owners and led to disproportionate effects on small, rural farm-
ing communities.

The tomato harvester is a prominent case study in Winner’s (1980) foundational article on the 
politics of artifacts. Winner does not claim that the mechanical tomato harvester was a plot to ben-
efit large private corporations and hurt small farmers and agricultural workers. Yet, he argues that 
the mechanical harvester had inherent politics that favored specific social interests (private corpo-
rations) while harming others (farm laborers and small farmers). Winner also points to mechaniza-
tion projects that were “almost conspiratorial” in their intentions (Winner, 1980, p. 125). In the 
mid-1880s, the McCormick Harvesting Machine Company in Chicago spent much money on new 
pneumatic molding machines. These machines did not simply increase manufacturing efficiency; 
they also concentrated power with the factory owners by weeding out the skilled workers who 
were engaged in labor organizing and replacing them with unskilled workers to operate the mold-
ing machines. As Winner writes, “After three years of use the machines were, in fact, abandoned, 
but by that time they had served their purpose – the destruction of the union” (Winner, 1980, p. 
125).

Labor automation will continue to displace jobs and political power with inequitable results, 
concentrating more wealth within a very small subset of people who form the capitalist elite. For 
example, autonomous vehicles will put more than three million commercial drivers out of work, 
many of whom have less education (Autor et al., 2020). One common counter-argument to these 
large-scale job losses is that automation also creates new jobs. However, as the Massachusetts 
Institute of Technology (MIT) Future of Work report points out, the benefits of automation are 
only achieved equitably in our existing capitalist framework if governments make large-scale 
investments to retrain displaced workers for new jobs and support communities built around dis-
appearing industries (Autor et al., 2020). This support has rarely materialized as automation has 
increased.

Alternatively, another solution to the inequity of automation is an emancipatory approach in 
which communities work together with engineers to determine the automation that they themselves 
want and need. In this way, the focus is not only on the technical aspects of automation; instead, 
it is on the sociotechnical impacts and emancipatory power of automation to elevate the lives of 
everyone. What might it look like to provide structural power to marginalized communities so they 
can access the benefits of automation without incurring the harms? And what role do engineers 
play in this process?

Creating automation technology is a prominent aspect of many mechanical and aerospace 
engineers’ careers. Therefore, students in these fields need to understand the full impact that these 
technologies have on people and systems. This requires reflection on one’s own positionality 
and power. Once students have engaged in this self-reflection, they can work to understand the 
perspectives of others – particularly of those with less power who are significantly impacted by 
automation technology, such as the farm workers in the case of the tomato harvester. Students 
can learn how automation affects minoritized people and society through critical discussions 
and investigation of historical case studies and current events (the teaching methods chapters on 
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teaching ethics using case studies, Chapter 20, and reflective and dialogical approaches in engi-
neering ethics education, Chapter 25, provide detailed explanations regarding how to use these 
approaches).

Sustainability efforts

The choices we have made about technological development, use, and disposal in our recent his-
tory have impacted planetary systems to a point where the environmental conditions that enable 
human survival have become a primary societal concern. It is particularly critical now that future 
mechanical and aerospace engineers be made aware of the potential impact of their work on soci-
ety and the environment. Sustainability efforts focused on reducing emissions from automobiles 
and airplanes are a prominent topic in these disciplines, but this is a narrow focus. All phases of 
a technology life cycle can impact the environment; sustainable engineering design must con-
sider them all while acknowledging that each phase has its own set of environmental impacts and 
requires specific sustainable approaches and decisions.

In mainstream engineering terms, sustainable engineering involves improved efficiency, opti-
mization of resources, and disposal. However, it is equally important to encourage students to 
examine the purpose of the use of the technology and think critically about why the technology 
exists in the first place and whom it serves functionally, financially, and politically. A specific tech-
nology’s production, use, and disposal can be considered ‘sustainable’ according to engineering 
professional standards by using recyclable materials, applying zero-emission manufacturing pro-
cesses, and/or being decomposable. However, if that technology’s very existence and purpose fos-
ter an unsustainable sociotechnical order, we argue that this type of engineering is unsustainable 
and unethical. For example, even if machines such as mining excavators, harvesting equipment, 
and oil drill rigs are developed following all current sustainable processes and standards, we argue 
that these technologies are unsustainable because their purpose is to enable unsustainable practices 
and processes. This furthers the degradation of our planetary conditions, which has been shown 
to disproportionately impact oppressed populations such as those in the Global South (Ngcamu, 
2023; Social Dimensions of Climate Change, n.d.; Suri, 2023).

Take the commonly used case study of the 2015 Volkswagen emissions scandal (Atiyeh, 2019), 
in which engineers developed and installed software in diesel engines to cheat emissions tests run 
by regulatory agencies. Using this software was clearly unsustainable, unethical, and illegal, but 
this case presents an overly simplistic picture of unethical practices in mechanical and aerospace 
engineering. It gives the impression that unethical (and unsustainable) behavior is easily identifia-
ble and that simply following codes, laws, and regulations makes engineering practice sustainable 
and ethical. In the case of vehicle emissions, reducing emissions can certainly decrease nega-
tive impacts on the environment and people’s health. However, a sole focus on transitioning to 
low-emission and electric vehicles serves to mask our current unsustainable sociotechnical order. 
Low-emission and electric automobiles and aircraft tackle only the ‘use’ stage of technology. The 
make-to-stock manufacturing of vehicles still requires enormous extraction of natural resources 
– including the lithium needed for batteries for electric vehicles extracted from Indigenous com-
munities in Africa and South America – and ever-increasing landfills for car disposal.

Additionally, these vehicles still foster a car-centric culture that furthers individualistic and 
consumerist behavior. A sustainable solution would be to provide a public infrastructure that is 
both environmentally sustainable and structurally accessible (Marx, 2022). Increasing efficiency 
and reducing emissions can create a ‘less unsustainable’ society, but it is far from contributing to 
a truly sustainable and just sociotechnical order.



Aaron W. Johnson, Corin L. Bowen, Cristiano Cordeiro Cruz, and Renato Bezerra Rodrigues 

276

Engineering sustainability should not only consider the land; it must also consider people’s rela-
tionship to land. A prominent example is the effect of ‘development’ on the livelihood – and exist-
ence – of quilombolas in Brazil, who are descendants of runaway enslaved African and Indigenous 
peoples. The quilombola communities on Boipeba Island, which is under federal environmental 
protection, are currently threatened by a mega real-estate tourist development that encompasses 
approximately 20% of the island and includes a resort, residential properties, a golf course, a har-
bor, and a small airport (MPF cobra revogação de autorização para megaempreendimento na Ilha 
de Boipeba, em Cairu (BA), 2023; Uzêda & Sabrina, 2023). Mechanical engineers are implicated 
in this project through their work on the machinery’s design, construction, and use; the project’s 
water distribution systems; its buildings’ heating, ventilation, and air-conditioning systems; and 
the manufacturing of materials and parts necessary to make this endeavor a reality. Similarly, 
quilombola people living near the Alcântara Satellite Launch Center on Brazil’s northern Atlantic 
Coast are threatened by a proposed expansion from a joint Brazilian-United States technology 
agreement in 2019 that would allow US companies to launch rockets from the facility (Fox, 2021; 
McCoy & Traiano, 2021). The location is attractive to spaceflight companies because of its prox-
imity to the equator, which reduces the fuel a rocket needs to boost a satellite to orbit. However, 
this expansion would forcibly displace hundreds of people from their quilombola communities for 
the purpose of increased profits for the capitalist elite.

Employing an emancipatory lens, it becomes irrelevant how efficient the buildings are, how 
‘green’ the concrete is, or how non-polluting the vehicles are, as unsustainable projects are defined 
by their negative impact on people and the environment.

It is essential that students critically analyze cases that do not have a clear-cut answer to whether 
they are considered ethical or sustainable. If we want to educate engineers capable of making truly 
ethical and sustainable decisions, students must start asking questions that go beyond the immedi-
ate use of technology and consider what types of sociotechnical orders they enable through their 
practice. Are the engineers making a project come to life holding paramount the protection of envi-
ronment – as professional societies (Engineers Canada, 2016; NSPE, 2019) have agreed upon as 
an ethical responsibility of engineers? Can it be in any way ethical to consider ‘profit’ concurrent 
with ‘people’ and ‘planet’ as the ‘triple bottom line’ of sustainability? If we understand sustain-
ability as the balance between human societies’ ‘needs’ (mostly wants) and the planetary condi-
tions that enable human survival (and advocate for justice and emancipation), then engineering 
practice must be revisited. Therefore, we suggest that ethical and sustainability issues presented 
to mechanical and aerospace engineering students go beyond life-cycle analysis and focus on how 
and if the technology promotes sustainable sociotechnical orders.

Humanitarian engineering

As Mitcham and Muñoz (2010) explain, humanitarian engineering is “the artful drawing on sci-
ence to direct the resources of nature with active compassion to meet the basic needs of all – 
especially the powerless, poor, or otherwise marginalized” (p. 35). It is rooted in the broader 
humanitarian movement, focusing on relieving human suffering in situations of natural disasters 
(e.g., earthquakes, tornadoes/hurricanes/tsunamis, and extended droughts) or other calamities 
(e.g., wars, epidemics, and human-caused disasters).

Humanitarian engineering – sometimes referred to within educational spaces as ‘service learning’ 
– offers an alternative framework for applying mechanical and aerospace technologies for explicitly 
‘humanitarian’ purposes. (How to teach using service-learning and humanitarian engineering educa-
tion is the dedicated focus of Chapter 23.) Many mechanical and aerospace engineering students 
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participate in humanitarian engineering projects as a part of their undergraduate curricular or co-
curricular experience. At Michigan State University, for example, ‘humanitarian projects’ within their 
mechanical engineering department “aim to make daily tasks such as processing food, retrieving 
water, caring and storing crops, and simplifying other manual tasks to make them more efficient” 
(Michigan State University Department of Mechanical Engineering, n.d., p. 3). As another example, 
the Michigan Sustainability Applications for Aerospace Vehicle Engineering program has worked 
with Air Serv International to develop an uncrewed aircraft explicitly for use in humanitarian missions 
(Air Serv and University of Michigan Partner to Improve Aerial Support in Humanitarian Aid, n.d.).

The most visible perspective within Western engineering education on humanitarian engineer-
ing efforts is one that supports these initiatives as attempts to redirect resources to support those 
in need. However, from an emancipatory lens, the poor and oppressed deserve both the agency to 
determine what sociotechnological solutions will best serve their communities and the power and 
resources to enact these solutions. Humanitarian engineering, on the other hand, typically relies on 
models of charity and philanthropy, in which powerful entities decide on behalf of marginalized 
groups ‘what these people really need’ and then decide how much they would like to provide from 
the position of a savior. This has race, class, and gender connotations, thus fitting into (rather than 
challenging) the existing oppressive model of engineering practice (Keshavarz, 2020).

The worldwide and heavily resourced organization of Engineers Without Borders (EWB) is one 
case study through which we can consider the implications of humanitarian engineering. EWB 
collaborates on “long-lasting and sustainable infrastructure solutions” through more than 370 
“community-driven projects” in 40 countries (EWB-USA, n.d., ¶ 3). The most visible perspective 
on the organization and its efforts is one of sharing resources to make progress toward meeting 
basic human needs using engineering technology. From a more critical perspective, EWB provides 
elite students in highly resourced Western institutions with the valuable opportunity to do hands-
on work that doesn’t often provide meaningful support to the communities in which they work 
and which people in those communities do not have agency over. Complaints from target com-
munities suggest that projects often inadvertently create additional work for the people and deplete 
additional resources rather than providing viable support (Thompson et al., 2022). Meanwhile, 
Western institutions benefit significantly from the positive publicity generated by EWB, especially 
within the neoliberal capitalist context in which publicity is monetized. The organization itself 
began to publicly grapple with its problematic positioning through a short report released in 2019 
on the dangers of ‘voluntourism’ (EWB-SCU, n.d.), and its participants and leaders have also pub-
lished their own critically reflective analyses (Partida, 2019; Thompson et al., 2022).

The complexity of the macro-ethical implications of humanitarian engineering is significant. 
Existing critiques describe the personal conflict between a desire to enact positive change in the 
world and awareness of problematic positioning as a savior. A more profound macro-ethical 
critique that engages directly with marginalized populations will be required to build structural 
solutions that serve emancipatory purposes. Emancipatory solutions must provide agency to mar-
ginalized populations that allows them to set the goals, determine the methods, and decide how to 
assess the success of engineering projects themselves. This will significantly affect how mechani-
cal and aerospace engineering students participate in service-learning and community engagement 
projects, as described in the following section.

Mechanical and aerospace engineering education for 
social justice and community emancipation

We conclude this chapter by articulating how instructors can bring these conversations into 
mechanical and aerospace engineering classrooms. First, acknowledging the realities of oppres-
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sion and power in engineering is a non-trivial step towards ethical and just behavior. Faculty 
members should make space for students – and themselves – to learn about and consider these 
issues. Case studies, which prominently feature in micro-ethics education, can also be used for 
this macro-ethics education in any mechanical or aerospace engineering course – especially 
those usually considered purely ‘technical.’ Instructors can present their students with articles 
and information about the examples discussed in this chapter – the sale of United States arms 
to Saudi Arabia, the mechanical tomato harvester, tourist and spaceport development in Brazil, 
and voluntourism – and others. Students can use these case studies to learn about minoritized 
perspectives, reflect on the role of engineering in oppression and emancipation, and engage 
in constructive dialogue with their peers about how to consider social justice and emancipa-
tion in their future engineering careers. For example, Aaron Johnson (an author of this chap-
ter) has designed and implemented one-day dialogue-based macro-ethics lessons for aerospace 
engineering courses (Benham et al., 2021, 2022; Ennis et al., 2023). These interventions start 
with a brief lesson introducing students to concepts like positionality, rights-holders, and ethical 
lenses. Students then read a short issue brief or article about a macro-ethical issue in aerospace 
engineering, such as the military-industrial complex, orbital debris, or space settlement and 
resource utilization. Finally, students engage in small- and large-group discussions in which 
they consider the power of and impact on various stakeholders, also sharing their own perspec-
tives. Importantly, students are encouraged to reflect on their own positionality in relation to the 
sociotechnical systems they are analyzing.

Beyond just acknowledging and engaging students in dialogues about macro-ethical topics in 
mechanical and aerospace engineering, it is also important to teach students about ways in which 
mechanical and aerospace engineering can empower people, groups, or communities marginalized 
by current sociotechnical systems. Empowerment can be defined as the “multi-dimensional social 
process that helps people gain control over their own lives” (Page & Czuba, 1999, p. 11) by foster-
ing power in people and groups/communities to operate the changes they may want in their own 
lives, their territories, and in their society. Empowerment is emancipatory when it allows individu-
als and groups to improve their lives – that is, ‘being more fully human’ (Freire, 1970) – fight for 
their rights, or build other possible social realities and/or ways of living, without dwarfing other 
peoples’ rights and search for self-determination.

Ways of using engineering for empowerment range from sociotechnical inclusion (i.e., giv-
ing people/groups access to some essential or desired service, such as clean water) to political 
emancipation (i.e., allowing/encouraging the community to advance its political potentialities 
and build alliances with other actors that enlarge its potential to enact desirable and agentic 
changes) (Kleba & Cruz, 2021). Other ways of cultivating a community’s empowerment through 
engineering interventions and designs include acknowledging, cultivating, or sharing cultural 
differences, qualitative relationships, technical competencies, investigative competencies, social 
and economic emancipation, and environmental awareness (Kleba & Cruz, 2021). Notably, an 
emancipatory outcome is usually as dependent on the intervention process as on the sociotechni-
cal product created.

Within the United States, programs and organizations dedicated to using mechanical and aero-
space engineering for social justice can serve as examples for students. The research conducted 
by the Space Enabled Research Group at MIT seeks to advance justice on Earth through applica-
tions of space technology. Examples of such research include using satellites to monitor invasive 
species in Benin (Onuoha, 2019) and developing decision support tools to help local leaders in 
Indonesia manage coastal flooding (Lombardo et al., 2022). From an advocacy perspective, The 
JustSpace Alliance (2022) works for more inclusion and ethical consideration in space explora-
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tion; in 2022, they campaigned for renaming the James Webb Space Telescope, as James Webb 
was an administrator in the US Department of State in part responsible for the implementation of 
government policy to remove employees who were not heterosexual (Prescod-Weinstein et al., 
2021; Witze, 2022).

Lastly, there exist frameworks for helping students to intentionally consider social justice and 
community emancipation in their engineering practice. In Brazil, a movement known as ‘popular 
engineering’ (PE) – meant as grassroots engineering – aims to contribute to emancipating margin-
alized groups and communities through interventions performed by teams of students and teachers 
linked to a university extension center (Cruz, 2021a). The approach of these extension centers 
draws on Paulo Freire’s emancipatory approach to popular education (Freire, 1970 ) and on action-
research designing/intervention methodology (Greenwood & Levin, 1998) in order to construct – 
or (re)appropriate – existent technologies alongside (i.e. with, rather than for) the local community. 
The devised sociotechnical solutions embody the group’s knowledge and values, make sense to 
the group’s members, and can be operated, fixed, and improved upon by the community. Further, 
these projects take the ideal of solidarity economy and self-management as the intended broader 
sociotechnical horizon (Cruz, 2021a, 2022).

The construction of a flour mill in a rural community in the northeast of Rio de Janeiro state 
can serve as a valuable case study of PE for community emancipation. This project was pursued 
alongside a community of 63 quilombola families. The community has lived since 2014 in a 
settlement for landless rural workers. The community was already accustomed to autonomously 
organizing its collective work and internal functioning, and it was the community that initially 
sought support from the Federal University of Rio de Janeiro (UFRJ), Macaé for the mill’s con-
struction (Laricchia et al., 2021). In the design and construction of the flour mill, engineering sup-
port was provided by undergraduate students and teachers from mechanical, civil, and production 
engineering programs at UFRJ (Laricchia et al., 2021). Given the specific conditions of the set-
tlement – such as lack of access to electricity – the community and the engineering team decided 
to use a bicycle to power the cassava shredder. To determine technical aspects of the shredder, 
the operator was assumed to be a middle-aged woman, since this assumption was realistic for 
the community’s intended use of the mill. To increase safety and promote social interaction, the 
shredder was designed to allow the two people (the person who feeds it with cassava and the one 
pedaling it) to work face-to-face (Laricchia et al., 2021). The intentional design of this system 
enforces conviviality and allows for the inclusion of aged people and people with some dis-
abilities into the productive process. The community determined all these characteristics of the 
built sociotechnical solution in an agentic manner and, once they were embodied in the designed 
artifact, these values emulated a sociotechnical reality that supports and strengthens their com-
munity (Laricchia et al., 2021).

Engineering practices employing a PE framework seem to align with the framework defined in 
Western academic spaces of Engineering for Social Justice (J. Leydens et al., 2014). This orienta-
tion for engineering practice is committed to fostering social justice and community empowerment 
through a co-constructed, bottom-up approach to technical design and technology to support real-
izing marginalized peoples’ and communities’ imagined alternative social, political, and economic 
orders. In so doing, it takes engineering itself as something to be widened, demanding expanded 
definitions of engineering knowledge, leading to alternative ways of conceiving reality and the 
field of engineering itself. This reframing of mechanical and aerospace engineering fields, then, 
would impact every step of the educational process, from content delivery and assessment to 
student projects and career pathways. PE, or Engineering for Social Justice, is an enactment of an 
alternative conceptualization of engineering.
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Concluding remarks

In this chapter, we have employed a critical perspective of engineering ethics to push back 
against the hegemonic conceptualization of engineering as apolitical and neutral. We showed how 
mechanical and aerospace engineering have facilitated oppression and inequity and argued that 
developing students’ critical consciousness should be a primary objective of engineering ethics 
education. The four topics central to mechanical and aerospace engineering presented here – the 
military-industrial complex, automation, sustainability efforts, and humanitarian engineering – 
provide examples of how critical perspectives can be applied to analyze the oppressive effects of 
the fields of mechanical and aerospace engineering and therefore are essential for the education of 
students in these fields. Educators can engage students in dialogues about these case studies using 
the summaries and references presented in this chapter. However, these are certainly not the only 
macro-ethical issues essential to present to mechanical and aerospace engineering students, and 
we encourage educators to apply a similar critical analysis to other applications that their students 
will likely contribute to in their engineering careers. Lastly, students need to understand how to 
use their future positions as engineers to work toward social justice. To help do this, we encourage 
educators to build on our discussion of mechanical and aerospace engineering education for social 
justice and community emancipation. Nurturing students’ understanding of oppression caused and 
perpetuated by mainstream mechanical and aerospace engineering – and ways in which these same 
fields can be reconfigured to help oppressed peoples emancipate themselves – can develop the 
critical consciousness necessary to empower students to develop and use their skills as decolonial 
engineers. Such activity can foster a widened and decolonized engineering community capable of 
supporting the (co-)creation of more just and equal sociotechnical orders.

Notes
1 This chapter uses ‘Western’ and ‘the Global North’ interchangeably to signify those countries that engaged 

in, and benefitted from, colonization at the expense of the Global South (Braff & Nelson, 2022).
2 ‘Sociotechnical order’ is a concept that highlights how ‘technology’ and ‘society’ are intertwined, not 

existing apart from one another (Feenberg, 2010; Karwat et al., 2015). That means that there is no tech-
nological reality totally separated from a social order (or, conversely, a social order separated from a 
technological one) in a way that any change in one of them does require or produce a change in the other. 
An emancipatory sociotechnical order is one in which overcoming oppressions of any kind (economic, 
racial, religious, sexual, etc.) is actively sought to allow people, individually and collectively, to flourish, 
or, as Paulo Freire says it, to be more fully human (Freire, 1970).

3 Coloniality and the liberation from it, decolonization, are meant here as they are defined by the Decolonial 
Theory. The hegemonic oppression faced worldwide has as its main bases capitalism (and the mainstream 
politico-military tools to enforce it) – coloniality of power – Western technoscience – coloniality of knowl-
edge – and Western worldviews, ideals, and values (which articulate Christianity, racism, masculinity, and 
so on) – coloniality of being. Thus, coloniality as a whole is an offspring and continuation of the European 
colonial domination of the sixteenth to the twentieth centuries, but usually without military occupation. 
Each coloniality demands and supports the other two, so overcoming any of them requires overcoming all 
the three. Since engineering is a central player in the coloniality of knowledge, building another possible 
world (with alternative social arrangements and possibilities of living and making sense of life) demands 
enlarging the construct of engineering itself. For more on Decolonial Theory, see Chapter 9. For more on 
decolonizing engineering, see Cruz (2021a, 2021b, 2022).

4 In October 2022, Genocide Watch, a Washington D.C.-based non-governmental organization, referred to 
the conflict in Yemen as “the world’s most severe humanitarian crisis” and declared the conflict an instance 
of genocide (Drysdale, 2022, p. 1). The fact that many of the deaths are caused by food scarcity, disease, 
extreme poverty, and the internal displacement crisis (Bachman, 2019; Drysdale, 2022; Wilken & Kane, 
2020) – consequences of the violence rather than the violence itself – allows many governments and organ-
izations to avoid characterization of the conflict as a genocide (Bachman, 2019). However, Bachman’s 
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socio-political analysis explains that the Saudi-led coalition (supported by and including Western nations) 
“is conducting an ongoing campaign of genocide by a ‘synchronised attack’ on all aspects of life in Yemen” 
by targeting the medical and economic infrastructure of Yemen’s civilian population (Bachman, 2019, p. 1).

There are significant political implications – as well as even more dire possible consequences – of 
refraining from characterizing the mass death in Yemen as genocide. The same is true in the case of the 
genocide occurring in Gaza at the time of writing (Nearly 25,000 Palestinians killed, 2023). See Bachman 
(2019) for discussion of the conceptualization of genocide and the application of the term in the case of 
the Saudi-led Coalition’s genocide of the people of Yemen.
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Introduction

As is evident throughout this handbook, ethics education in engineering takes many forms. In 
this chapter, we focus on the discipline of electronic and electrical engineering (E&EE) with the 
aim to provide examples of various discipline-specific approaches for the classroom. We hope 
E&EE educators may be inspired to try one of the approaches or develop their own. This, and the 
other discipline-specific chapters (Chapters 14, 15, 17, and 18 of this handbook) showcase the 
importance of including options for students that engage their disciplinary interests rather than 
only generic ‘engineering ethics’ where some of the examples might not resonate with students. 
For instance, the examples of failures of bridges or hotels may not seem as relevant to electrical 
engineering students as examples drawn from consumer electronics. It is important for E&EE stu-
dents to conceptualize ethics as not merely an academic exercise but something relevant to their 
lives and professional practices. In addition, engineering ethics is an inherently interdisciplinary 
field, spanning multiple engineering as well as social sciences disciplines, and including ethics in 
engineering curricula helps students see the value of knowledge in other disciplines.

In this chapter, after describing our positionality as authors, we then compare ethics educa-
tion in electronic and electrical engineering to other engineering disciplines to highlight why we 
believe that ethics has not had as much prominence in E&EE as it has had in some other dis-
ciplines. Following this, we discuss the importance of ethics within E&EE education. We con-
sider the literature on ethics specific to electronic and electrical engineering education, including 
discussions of professional responsibility connected to codes of ethics and E&EE courses. We 
provide examples, from the literature and our own work, of integrating ethical considerations into 
specific technical E&EE courses. We demonstrate that although there are ethics-related case stud-
ies available, relatively few relate directly to electronic and electrical engineering; those relevant 
for E&EE mostly cover general engineering considerations or codes of conduct rather than E&EE 
scenarios. We propose that instructors draw from the teaching models and ethical issues and con-
cerns presented below; various educators and researchers have identified these concerns and used 
these models to integrate ethical issues within the delivery of technical content. The presented set 
of E&EE-related concepts and models is not exhaustive; rather, we aimed to identify broad topics 
and identify some specific problematic examples from E&EE culture that instructors can use to 
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Ethical issues in electronic and electrical engineering

facilitate in-class discussions. We believe these can be integrated within the context of technical 
content delivery.

Positionality

We, the two authors of this chapter, are electrical engineering educators with decades of experi-
ence in academia. We have held leadership positions in the IEEE Education Society. Susan Lord 
is a white cisgender woman with undergraduate and graduate degrees in electrical engineering 
who is a full professor at a US university focusing on teaching. Her research is in engineering 
education. Her experiences of marginalization as a woman in E&EE have contributed to her 
desire to change the culture of E&EE to be more welcoming and inclusive. John Mitchell is a 
white cisgender man with undergraduate and graduate degrees in electronic and electrical engi-
neering and a full professor at a research-intensive UK university. His career started with research 
focused on communications systems but has developed to focus mainly on engineering educa-
tion, particularly curriculum design. Both have been involved in developing integrated programs 
where technical and transferable skills, such as ethics, are combined within the curriculum. We 
acknowledge that our positions of privilege have informed our approach to our work, including 
the writing of this chapter. Thus, our examples are drawn from the published Western literature 
that we know best.

Ethics in E&EE compared to other disciplines

Fleddermann (2000) stated in the opening of his paper on ethics case studies that “Rarely is electri-
cal technology at the focus of the classic case studies used in engineering ethics courses and text-
books” (p. 284). Our research for this chapter has demonstrated that this continues to be the case 
two decades later. Although ethics is undoubtedly taught in electrical engineering courses, the case 
studies tend to be situated outside the discipline or to address professional issues where the setting 
is electrical and electronic engineering but the E&EE context is not central to the ethical issue at 
hand (e.g., whistle-blowing in semiconductor manufacturing that could be in any manufacturing 
process). Although research (e.g., Barry & Whitener, 2011) has suggested that electronic and elec-
trical engineers are reasonably well prepared to handle ethical issues, this may be because ethics 
classes have typically considered generic, professional ethics rather than issues directly linked to 
the discipline (Bielefeldt et al., 2018).

We argue that it is important for students to grapple with ethical considerations (a) explicitly 
relevant to their discipline, (b) integrated into their technical studies, and (c) taught by engineers. 
To accomplish this, it is crucial to understand why electrical engineering case studies are rare. We 
hypothesize that while other branches of engineering produce infrastructure that is directly public-
facing – civil engineering (buildings), chemical engineers (chemical plants), mechanical engineers 
(cars and planes) – electronic engineers especially (but also electrical engineers) build components 
that are within all these engineered systems or products. This degree of separation means that 
direct ethical considerations related to electrical and electronics engineering are less obvious than 
those within other engineering disciplines. Of course, this is just a perception – and one that in 
many areas has never been entirely true and becomes less so with computer systems and electronic 
control being at the heart of the modern world. This view is encompassed in the growing refrain 
that modern engineering and modern engineering graduates must be equipped to grapple with the 
ethical and social aspects of engineering and the technical aspects. To do this effectively, they must 
perceive ethical considerations as central to the problem-solving process of their discipline, recog-
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nizing that a ‘good’ solution must be ethical, sustainable, and inclusive just as much as technically 
feasible, manufacturable, and financially viable.

Although many of these ethical considerations will be social or professional in nature, some 
will be technical and can be quantified with calculations and technical arguments. The next sec-
tion describes enacted and proposed approaches for bringing ethics into the electrical engineering 
classroom.

Importance of ethics in E&EE education

For many programs, the teaching of ethics within electronic and electrical engineering is based on 
codes of conduct or codes of ethics (see Chapter 5). This is unsurprising, as many of these codes 
are linked to professional bodies – and often to the accrediting bodies that will evaluate the content 
of courses (see Chapters 32–36 for more on accreditation). As such, these codes provide an inter-
esting starting point for discussing ethics within the electrical engineering curriculum.

In our realm, the best known of these is the IEEE Code of Ethics (IEEE, 2020), which pro-
vides a normative ethical framework of both consequentialist (e.g., those relating to health and 
safety) and deontological (bribery and corruption) positions. These are spelled out in even more 
detail in examples from the National Society of Professional Engineers (NSPE) Code of Ethics 
for Engineers (NSPE, n.d.). Chapter 2 identifies and defines a wide range of applicable theoretical 
frameworks.

Many professional engineering institutions have produced similar statements of ethics and pro-
fessional values worldwide. However, they typically apply to the engineering profession in gen-
eral rather than to electronic and electrical engineering specifically. The Association of Computing 
Machinery (ACM) (2018) emphasizes several issues of particular importance to those in comput-
ing systems – a topic that has considerable overlap with E&EE (e.g., issues related to privacy, 
issues when modifying or retiring systems, and systems that become integrated into the infrastruc-
ture of society) – and identifies relevant ethical and professional codes. In the UK, the Institute 
of Engineering and Technology (IET) (2019), formerly the Institute of Electrical Engineers) also 
produces a rules-of-conduct document and in it (in keeping with rules of conduct), ethics and 
professional codes are combined. Codes in the E&EE realm frequently include considerations for 
upholding the image and reputation of the engineering profession; for example, the IET (2019, p. 
3) specifies that “Members shall neither advertise nor write articles (in any medium) for publica-
tion in any manner that is derogatory to the Institution or to the dignity of their profession.”

Although professional bodies are often considered the bastions of professional standards, they 
face their own ethical challenges. For example, a lively debate ensued when the IEEE announced 
that they would ban Huawei scientists as reviewers in their publications in response to legisla-
tion within the United States (Mervis, 2019). This highlights that while we usually consider that 
codes encompass moral binarism, stating clear and delineated positions on professionalism and 
professional ethics, applying and upholding them is far more complex. As we will explore later in 
this chapter, some of the most interesting applied moral discussions invoke an element of moral 
relativism in forming personal ethics. (For more on moral development theories, see Chapter 10. 
For more on relativism, see Chapter 28 on epistemological development.)

Although the professional bodies oversee frameworks for the engineering profession, it falls 
to accrediting bodies to distill these codes into required learning of professionally accredited pro-
grams. These typically follow the specifications set out by the Washington Accord (International 
Engineering Alliance, 1989) and are all relatively similar in scope and coverage, as seen in 
Chapter 32.
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Approaches to ethics in E&EE education

Historically, electrical and electronic engineers have been involved in ethics education. Many engi-
neering ethics textbooks have been written by electrical engineers, including those by Martin and 
Schinzinger (1996; Martin is in philosophy and Schinzinger in E&E engineering), Unger (1994), 
Fledderman (2008), and Baura (2006). Joseph Herkert, another E&E engineer, collaborated on a 
review of engineering ethics that included a section on education (Barry & Herkert, 2015). Herkert 
also edited a volume on Social, Ethical, and Policy Implications of Engineering (2000) that drew 
from work conducted in the IEEE Society for the Social Implications of Technology. The Society 
publishes the IEEE Technology and Society magazine, which often includes work related to ethics 
(IEEE Technology and Society, n.d.).

Colby and Sullivan (2008) published a review of approaches to engineering ethics education 
that focused on standalone courses in ethics (taught by engineering or other faculty), discussion of 
professional responsibility (often tied to codes of ethics), and modules (typically delivered within 
two or three class periods). Colby and Sullivan based their work on in-person visits to undergradu-
ate programs in mechanical and electrical engineering at universities in the United States. We use 
Colby and Sullivan’s categorization of discussion of professional responsibility tied to codes of 
ethics, standalone courses, and modules to frame our review of the literature in this section.

Discussion of professional responsibility tied to codes of ethics

In their teaching, faculty members in E&EE have incorporated discussions of professional respon-
sibility tied to codes of ethics (often the IEEE Code of Ethics). They often incorporate these codes 
when discussing case studies that fit into one class period. This type of discussion, or content 
presentation, could be facilitated at any level of study; therefore, we provide examples below from 
Master’s courses and (first-, third-, and fourth-year) undergraduate courses.

The literature shows that discussions of professional responsibility may be specifically focused 
on the IEEE Code of Ethics. In a project-based course titled ‘Electric Power Engineering’ for 
Master’s students at Chalmers University in Sweden, Ehnberg et al. (2022) helped students tie the 
IEEE Code of Ethics to their specific projects. Students used the code as a tool to identify ethical 
dilemmas or risks for their project and then explored ways to avoid these dilemmas in their final 
reports. To illustrate, in a project that was designing an electrical brake for a wind turbine, students 
considered the ethical canon of “To hold paramount the safety, health, and welfare of the public, to 
strive to comply with ethical design and sustainable development practices, to protect the privacy 
of others, and to disclose promptly factors that might endanger the public or the environment” 
(Ehnberg et al., 2002, p. 2) from the IEEE Code of Ethics. Students identified a risk/dilemma of 
the brake system failing in strong winds and described preventive action of making sure to be well 
aware of the safety issues related to installation; students highlighted these in their report. After 
this experience, the students reported that they believed the IEEE Code of Ethics was relevant to 
their projects and future careers. Ehnberg et al. (2022) stress the importance of focusing on discus-
sion with real-world examples. An interesting aspect of this research is that the interventions were 
done in-person, online, and pre-recorded; all three approaches had similar outcomes in terms of 
student engagement and responses to questions about the relevance of the codes to their projects, 
suggesting that instructors have flexibility in how they choose to implement such work.

Some discussions of professional responsibility focus on case studies and use the codes of 
ethics to suggest ways to analyze or move forward. Clancy et al. (2005) developed a module for 
one 3-hour laboratory period for a first-year module on circuits at Worcester Polytechnic Institute 
in the United States. Students examined case studies on engineering ethics drawn from internet 
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resources (National Institute for Engineering Ethics, n.d.). Case studies were chosen to be relevant 
and easily understood by first-year students but not to be specifically relevant to E&EE topics. 
Students learned about and used the IEEE Code of Ethics to suggest action plans. Data collected 
from focus groups indicated enhanced student awareness of ethical issues. The authors provided 
useful advice for others interested in incorporating ethics into their classes. They believe that the 
adoption of the program by other faculty members was made easier due to the availability of an 
unused laboratory period in the first week of the term. Materials were also provided, and one of the 
authors assisted the instructor during the first offering of the program.

Ekong (2015) developed a module for teaching ethics that could be incorporated into any 
E&EE undergraduate course using case studies from electrical and computer engineering prac-
tice and exposure to codes of ethics from the IEEE, IEEE Computer Society, Association for 
Computing Machinery (ACM), and National Society for Professional Engineers (NSPE). Ekong 
implemented this intervention at Mercer University in the United States in two 50-minute class 
periods in a third-year microcontroller class with introductions, case studies, assignments, and 
quizzes. Ekong stressed the importance of having an electrical engineering faculty member lead 
the instruction because “a student is more likely to relate to the topic, e.g. Engineering Ethics, if 
that topic is taught by a professor in the student’s discipline” (p. 1). Ekong chose E&EE-related 
case studies because the case studies “in ethics courses are usually taken from mechanical and civil 
engineering disciplines. Electrical and Computer Engineering (ECE) students may have difficul-
ties relating to these cases” (p. 1). The case studies from NSPE focus on E&EE topics: software 
security, quality of products (defective chips), copyright (using unlicensed proprietary software to 
create a new software product), and compliance with ADA guidelines. Students must connect the 
specific NSPE code of ethics to the case study (NSPE, n.d.). (See Chapter 18 on ethical issues in 
software engineering for more on this realm.)

Another example of case studies tied to the IEEE Code of Ethics has been implemented in sev-
eral capstone design courses within electrical engineering. Motivated by the desire to incorporate 
achievement of ABET (2000) Student Outcomes related to ethical responsibility and contemporary 
issues, Jiménez et al. (2006) developed a 2-hour module on ‘Social and Ethical Implications of 
Engineering Design,’ which aims to help students “reflect on issues and challenges associated with 
(i) professional integrity, (ii) engineering, industry and social responsibility, and (iii) technological 
impact, societal and global awareness” (p. 1). This module was incorporated in capstone courses in 
various areas of electrical and computer engineering taken in the last year of undergraduate study 
at the University of Puerto Rico-Mayagüez. The 2-hour module included an introduction to ethics, 
a discussion of professional integrity in engineering, and a consideration of ethical frameworks, 
including the IEEE Code of Ethics. Each course featured a case study relevant to the topics of that 
capstone course in the discussion of integrity in engineering. For example, in the ‘Communication 
System Design: Signal Processing’ course, the ethics case study centers on digital rights manage-
ment (DRM) and the tension between consumer rights and the right of companies to protect their 
digital content. In the ‘Communication Systems Design: Circuits and Antennas’ course, the ethics 
case study considers the health hazards of electromagnetic waves – focusing on the high-power 
radio transmission towers in Cesano, Italy, and their impact on the local community (Hellemans, 
2005). Jiménez et al. (2006) reported that students who responded to surveys at the end of the 
courses were positive about the impact of these modules on their own development. All students 
said it was very important for ‘ethics to be integrated into engineering courses.’ Over 80% indi-
cated that the module had a high impact (5/5) on their ‘willingness to be guided by ethical prin-
ciples in professional work’ and ‘to be alert to and sensitive to ethical problems.’ However, only 
60% strongly agreed that others would be motivated to act ethically due to this module. In their 
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comments, students expressed a desire for more opportunities to practice using ethical principles 
in their electrical engineering designs and curricula.

Standalone courses on ethics taught by E&EE faculty members

Passino (1998) provided an example of using Martin and Schinzinger’s (1998) textbook to support 
the teaching of professional and ethical aspects of E&EE to a class of 120 students at Ohio State 
University in the United States. This example is primarily an ethics class taught by an E&EE fac-
ulty member but not focusing specifically on E&EE topics. The course was intentionally placed in 
the final year of the curriculum in hopes that most students had already worked on an engineering 
job and could bring this experience to the discussions. The main topics were “(1) safety and risk 
with case studies; (2) engineering as social experimentation and its link with design with case stud-
ies; and (3) professionalism and organizational issues with case studies” (Passino, 1998, p. 274). 
The author recommended avoiding:

spending too much time on ethical theories at the expense of getting the students to debate 
case studies (engineering students tend to identify much more closely with case studies and 
become convinced of the importance of the material easier than via ethical theories). It is 
important to make some connections between technical design issues in engineering and 
safety, risk, ethical, and professional issues. Certainly, some time should be spent on codes 
of ethics.

(Passino, 1998, p. 274)

At the University of Illinois at Urbana-Champaign in the United States, Michael Loui created an 
elective course, ‘Engineering Ethics,’ for third- and fourth-year students studying electrical and 
computer engineering (Loui, 2005). The course emphasizes “ethical issues in engineering includ-
ing professionalism, responsibility, confidentiality, conflict of interest, risk and safety, relation-
ships between engineers and managers, loyalty, whistle-blowing, codes of ethics, licensing, and 
choosing a vocation” (Loui, 2005, p. 384). Loui specifically chose case studies related to E&EE, 
such as the Bay Area Rapid Transit (BART) case, where technical problems arose from the elec-
tronic sensors, electrical signaling, and software controls. The BART case is historically important 
because it was the first and only time that IEEE filed an amicus brief in support of whistle-blowing 
engineers (Unger, 1973). Loui found that students benefited from cases of actual incidents and 
activities that included discussions with diverse perspectives.

Modules integrating ethics in electrical engineering curricula

Colby and Sullivan’s recommendations for engineering programs to better prepare students for 
“the ethical-professional dimensions of their work” (2008, p. 335) include (1) defining ethics and 
professional responsibility broadly specifically going beyond codes of ethics; (2) integrating with 
other learning goals; and (3) using active pedagogies, since professional responsibility includes 
skills and habits in addition to knowledge. Current efforts to incorporate ethics into electrical engi-
neering curricula follow these recommendations; they integrate ethical issues related to electrical 
engineering into required courses where the ethics are tied to technical learning outcomes using 
active pedagogies and not directly tied to the IEEE Codes of Ethics. This is consistent with the 
pioneering work of Donna Riley, who developed a handbook on thermodynamics that provided 
specific examples of tying social and ethical content to technical content (Riley, 2011).
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Below, we summarize such efforts in E&EE for the standard electrical engineering courses of 
‘Introduction to Circuits’ and ‘Controls Systems.’ We also provide some guidelines for doing this 
type of work and examples of student responses.

Circuits class

The ‘Introduction to Circuits’ class is typically the first course that students in electrical engineer-
ing that students majoring in EE&E encounter. It is a required course for students in other engi-
neering disciplines as well. It is often taken in the second year of the curriculum. Finding ways to 
incorporate ethics into this course has powerful implications for students seeing the relevance of 
ethics to the field of E&EE.

Conflict minerals: Lord et al. (2018) incorporated a module on conflict minerals into the 
‘Introduction to Circuits’ course at the University of San Diego in the United States. Conflict 
minerals include tantalum, tin, tungsten, and gold mined in areas such as the Democratic Republic 
of the Congo (DRC) where the money from their production supports armed conflict. The module 
was designed to connect conflict minerals’ ethical implications to capacitors, a typical topic in this 
course. Learning objectives included:

• Analyzing capacitors as electrical devices
• Defining conflict minerals and describing at least two social issues surrounding them
• Describing where conflict minerals are used
• Describing potential options for engineers concerned with societal implications of conflict 

minerals

Before the module, students completed calculations about tantalum (Ta) in capacitors and cell 
phones and identified where Ta is mined. During the in-class module, the instructor defined and 
introduced some history about conflict minerals. Students discussed conflict minerals and their 
societal and ethical implications and brainstormed ways to reduce reliance on conflict minerals as 
engineers. For homework after the module, students were each assigned a well-known company. 
They researched the company’s conflict-minerals policies and presented their findings to class-
mates in a subsequent class. Students were asked to highlight social implications and concerns 
about these strategies. Additional modules explored electronics recycling and sustainable innova-
tion (Lord et al., 2018).

EV batteries and circular economy:In another module for ‘Introduction to Circuits,’students 
explore electric vehicle (EV) batteries, tying them to the technical topic of voltage dividers which 
is typically covered in this class and the concept of the circular economy, where products are 
reused or recycled for as long as possible (Judge et al., 2022; Lord & Finelli, 2023). Learning 
objectives include:

• Designing a voltage divider for a DC source to illustrate repurposing EV battery packs
• Estimating energy available in end-of-life EV batteries
• Describing societal risks introduced by recycling EV batteries that could be alleviated by 

applying circular economy principles

Instructional activities include listening to a podcast about the circular economy and answering 
questions, estimating the energy demand existing end-of-life EV batteries could meet, discussing 
how the circular economy relates to circuits’ concepts and EV batteries, and discussing ways to 
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use the circular economy to repurpose batteries. For example, batteries no longer suitable for EVs 
could be used in residential solar energy systems. Exercises for homework include designing a 
voltage divider to provide a specific output voltage from a repurposed EV battery and exploring 
the effect of energy degradation on EV battery repurposing. The module helps students explore the 
ethical issues of the circular economy as an alternative to the traditional economy, how engineer-
ing design is connected to the end of product life, and electric vehicles and sustainability.

Lord and Finelli (2023) are working on a US National Science Foundation (NSF) grant to 
incorporate sociotechnical modules, including ethical considerations, into the ‘Introduction to 
Circuits’ course. They will implement the conflict minerals and EV batteries modules in larger 
classes and develop more modules (Finelli & Lord, 2023). They are recruiting partners who teach 
‘Introduction to Circuits’ in other universities to implement these modules elsewhere.

Controls class

The concept of social justice can be an interesting way to incorporate ethical considerations into 
electrical engineering courses. Researchers at the Colorado School of Mines in the United States 
incorporated social justice concepts in an ‘Introduction to Feedback Controls’ (IFCS) course/
module (Johnson et al., 2015; Leydens et al., 2021). The course is for electrical and mechani-
cal engineering students and is taken as a technical elective in students’ third or fourth year of 
undergraduate study. The interventions related to social justice included a guest lecture by a fac-
ulty member from social sciences focused on the ‘Engineering for Social Justice’ (E4SJ) criteria 
(Leydens & Lucena, 2018) and a reading from Riley’s (2008) Engineering and Social Justice book 
on mindsets in engineering. As Johnson et al. (2015) state, “Social justice defies a universal defini-
tion, but is related to the vision that people and communities have the right to equality (in various 
senses), to health, to dignity, and to opportunities” (p. 1). Thus, social justice considerations for 
engineering often explore ethical questions of impact. The authors provide an example of modern 
agricultural machinery where:

Advanced control systems have made crops more affordable. These same systems have 
reduced the sustainability of the family farm, significantly changing the agricultural life-
style, which has had far-reaching implications on rural communities and their economies. 
Thus, for engineering practice, a social justice framework encourages exploration of the fol-
lowing questions: In the short and long-term, from engineering designs, models, and other 
interventions, who benefits? Who does not benefit? Who suffers?

(Johnson et al., 2015, p. 2)

In the controls class, instructors presented what they called ‘social justice’ examples that connected 
the controls’ topic of resonance to the safety implications of an unbalanced washing machine and 
issues related to wind energy systems and active prosthetics. Homework problems were rewritten 
to include social considerations. For example, a problem about a water tank with no context was 
rewritten to explicitly ask students to balance protecting the pump, ensuring enough water for a 
village’s needs, and not wasting water by overfilling. Using focus groups, the researchers investi-
gated students’ responses to incorporating this content in courses where the social justice content 
was made visible (Group A) compared to the traditional approach where the social justice content 
is not visible (Group B). Their results indicated that some students valued incorporating ethical 
topics into this technical class while others did not. Many students focused on social justice as 
related to “individual ethics or responsibilities but did not recognize the obligations of the broader 
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group of professional engineers to society” (Leydens et al., 2021, p. 740). The findings highlight 
the importance of integrating ethical considerations into multiple classes since one class is insuffi-
cient to help students learn to deal with the complexity of ethical issues and develop robust ethical 
knowledge and ideas.

Pedagogical guidelines and student responses

Incorporating ethical issues effectively in electrical engineering classes is challenging for many 
reasons. The instructor’s identity can come into play because those educated with a deep techni-
cal focus may not feel prepared to engage in discussions about ethics or venture into challenging 
topics related to race, gender, and so on. Instructors need some degree of comfort in dealing with 
ambiguity, which differs from how most technical work is taught (for more on this, see Chapter 
28). For example, there is a ‘right’ answer to calculating the voltage at the middle of a voltage 
divider but no ‘right’ answer to the question: Should I get a new cell phone every year now that I 
know the impact on people’s lives? Learning these ethical concepts by doing only mathematical 
problems is impossible. On the other hand, ethical issues can be incorporated using collaborative 
methods such as discussions and active learning (Colby & Sullivan, 2008; Loui, 2000). (Please 
see Chapter 25 on reflective and dialogical approaches in engineering ethics education.) It is also 
important for instructors to follow good pedagogical practices, including having clear learning 
objectives and assessments (see Chapter 29). Gelles and Lord (2021) proposed a framework for 
integrating sociotechnical content into engineering classes that might also help teachers con-
sider integrating ethical content, which is sociotechnical. The (Gelles & Lord, 2021) framework 
involves the following steps:

 0. Identify possible sociotechnical collaborators.
 1. Identify a salient course topic that has broader social and environmental implications.
 2. Identify, add, or update existing course learning objectives and/or the ABET student 

outcome(s) that this sociotechnical course topic aligns with.
 3. Create learning objectives for specific sociotechnical modules.
 4. Create modules by designing activities for homework before and/or after class session(s) 

and class session(s) that integrate technical content and calculations students are familiar 
with and social and environmental context.

 5. Include low stakes assessment for the module (e.g., homework) and consider including soci-
otechnical questions on exams.

 6. Conduct formative assessment and/or engineering education research on sociotechnical 
modules to get student input and improve module offerings in the future.

 7. Refine modules and identify possible sociotechnical collaborators for the next course 
 offering.

In contrast to some efforts to include ethics, which are met by resistance among engineering 
students, this integrated approach with modules tied to technical content has been shown to be 
appreciated by students. Students see ethics as ‘real world’ engineering and beneficial for their 
learning. For example, after the conflict minerals module, students participated in surveys and 
interviews (Lord et al., 2018, 2019). In the survey, all students who responded said the topic mat-
tered to them as engineers. In the interviews, several students pointed out that these topics were 
not typical for engineering classes and that they found them engaging and would like to see more 
of this.
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I thought it was a really interesting topic that has larger social consequences. It was cool to 
get away from the stigma of engineers only worrying about math and showing that engineer-
ing is able to have effect in other disciplines.

(Lord et al., 2019, p. 5)

The experience helped some students see connections between their personal and professional 
lives as ethical engineers.

Prior to this class, I did not even know what conflict minerals were or where they were used. 
The in-class group presentations on this topic were especially relevant because I researched 
on Samsung, while having a Samsung phone. I learned that non-conflict tantalum and tin are 
used in the circuitry of my cellphone. In the future, I can apply this knowledge as an engineer 
(in design) and as a consumer (in purchasing from companies that have specific procedures 
for dealing with conflict minerals).

(Lord et al., 2019, p. 11)

In the interviews, students indicated that they found modules to be well-integrated into the class. 
When asked about engineering as a field, every student brought up the modules, emphasizing 
that they saw the ethical context as important for developing their sense of engineering in the real 
world and its potential. It did, however, challenge some students’ definition of ‘engineering’ as 
indicated below:

Obviously, we looked at a lot of stuff that wasn’t engineering including the conflict minerals, 
and the Sunshine Box which I thought was really cool. And that was very clearly … I mean 
it was engineering but at the same time it was very clearly like looking at it from different 
angles.

(Lord et al., 2019, p. 12)

One measure of the success of these modules is that a student specifically recommended keeping 
them and even expanding them because they were beneficial for learning as “real examples of how 
the things worked” (Lord et al., 2019, p. 13).

In interviews that Lord and Finelli conducted after the EV battery module, students said that 
they found the module interesting, impactful, and relevant.

I came in hating electrical engineering, like it was just not for me. So I think like actually 
doing the voltage divider and using that for like sustainability purposes and the circular 
economy was really cool to like actually be like, okay, the stuff we’re learning is like being 
used for something … I liked that part of it.
… we are a part of the issue if we don’t decide to fix it.

(Lord & Finelli, 2024, p. 4)

Opportunities for exploring ethical issues in electronic and electrical engineering

In considering ethics in E&EE, there are many opportunities to explore issues that have not been 
explored in the literature. In this section, we begin with some issues that could easily be included 
in a technical class to align ethical discussions with the delivery of electronic and electrical engi-
neering content. As highlighted above, although there are some publications in these areas, they 
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have not all focused on the pedagogical implementation of discussion of such issues in the electri-
cal engineering classroom. In the subsequent section, we identify topics specific to the culture of 
electronic and electrical engineering that may provide useful talking points for instructors who 
are comfortable leading discussions of sensitive ethical issues. Both sections provide instructors 
with ideas regarding ethical considerations they could use with students. We encourage electrical 
engineering educators to take up the challenge of doing this important work and explore how to 
directly connect consideration of ethics with the technical electronic and electrical engineering 
content they are teaching and the culture in which they are embedded.

Broad issues for future E&EE curricula

This section provides some examples of ethical issues that could be covered in electrical or elec-
tronic engineering classes in Table 16.1. For each, we include an example of a potential reading 
that might be introduced in the class. These are examples for future development, not citations of 
work reporting curricular interventions.

Ethical issues in the culture of electronic and electrical engineering

In addition to tying to technical issues, we encourage readers to look locally and consider the 
culture of E&EE and how implicit and explicit aspects of the academic and professional culture 
can impact students in the E&EE classroom. What messages do engineering educators send by the 
language that we use? Here, we discuss some terms prevalent in E&EE that can adversely impact 
the sense of belonging for many people, including women and students of color: the language 
of master/slave, male/female connectors, resistor codes, and the ‘Lena’ photograph used in digi-
tal image processing (an area within electronic engineering). These are opportunities for E&EE 
instructors to identify their own potential blind spots and explore relevant ethical issues with their 
students in classes. This is probably more challenging than the sociotechnical integration we call 
for in the previous section. We suggest a pedagogical approach for having these discussions at the 
end of this section as well as some important considerations for educators who want to take on the 
challenge of doing this work to change culture.

Technical jargon

Taheri (2020) explains the importance of language as

one of the most powerful tools we have as humans that incorporates personal assumptions, 
social norms, and cultural ideologies. It is therefore important to consider language criti-
cally and to watch for biases in usage. Language reflects the world it is used in, but it is 
also active in maintaining or redesigning that world. It can be a tool of discrimination or of 
empowerment.

(Taheri, 2020, p. 151)

Taheri goes on to review some discriminatory and non-inclusive language in science, technology, 
engineering, and mathematics (STEM) fields to raise awareness and suggest alternatives. Two of 
these examples are particularly relevant to electrical engineering and are discussed further here.

Master/slave: Historically in E&E engineering, the phrase ‘master/slave’ is used for digital 
designs where one section of software, hardware, or firmware, the ‘master,’ controls another, the 
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‘slave.’ The use of this terminology began in 1904. Eglash (2007) explored the term’s history, its 
relationship to racialized social connotations, and why it is so popular in engineering, and then 
posed recommendations for alternatives. In 2004, this term was listed by the Global Language 
Monitor (Reuters, 2004) as one of the most politically incorrect terms of the year. In the wake of 
the 2020 murder of George Floyd in the United States and the heightened awareness of systemic 
racism, stronger calls have emerged for the elimination of this terminology including by students 
(Steele, 2020), EE professionals (Ellis, 2020), and the media (Canales, 2020).

Santiago Gomez, a graduate student in computer engineering, was so perturbed when he 
encountered the terminology in a textbook – Digital Design, 6th Edition – for his Logic 
Design course … that he wrote to the textbook’s publisher, Pearson, calling for the language 
to be changed.

(Steele, 2020, p. 2)

Alternatives have been proposed and adopted. For example, in 2021, Microchip issued a product 
change notification that listed “1) Replaced terminology “Master” and “Slave” with “Host” and 
“Client” respectively” (Microchip, 2021, p. 1). It is interesting that the reason for change stated 
was “To Improve Manufacturability” (p. 1). Other proposed alternatives include ‘leader–follower,’ 
‘primary–secondary,’ ‘writer–reader,’ ‘primary–replica,’ and ‘coordinator–worker’ (Taheri, 2020, 
p. 153).

Danowitz and colleagues (2021) investigated the importance of this terminology for student 
inclusion and belonging at an undergraduate predominantly white university in the United States. 
They found that “42% of students surveyed either agree or strongly agree that use of master–slave 
terminology is problematic, including 100% of female and 100% of African American students, and 
that the use of the terminology may create conditions to evoke Stereotype Threat” (Danowitz et al., 
2021, p. 1). The authors also critiqued the usefulness and accuracy of the terminology for learning.

Male/Female connectors: Traditionally, connectors used throughout E&EE are referred to as 
‘male’ and ‘female,’ referring to whether they have a plug or a socket. As described by Wikipedia, 
“the female connector is generally a receptacle that receives and holds the male connector” 
(Wikipedia Gender of Connectors, n.d., ¶ 1). Wikipedia has a long entry on this topic, which 
conflates gender and sex, does not critique or suggest problematic aspects of this terminology, and 
provides detailed descriptions of hermaphroditic connectors and gender changers. This terminol-
ogy can be seen as reductionist, reducing gender to physical attributes as well as being uncomfort-
able in terms of its focus on sexual intercourse with the joining of these connectors called ‘mating.’ 
This terminology also can be seen as unnecessarily sexualizing and enforcing a heteronormative 
narrative. Wikipedia lists plug, pin, and prong as options for ‘male’ connectors, and receptacle, 
socket, and slot for ‘female’ connectors (Wikipedia Gender of Connectors, n.d.). Various creative 
alternatives to ‘male’ and ‘female’ have been proposed such as ‘worm–apple,’ ‘pen–cap,’ ‘bottle–
cork,’ and ‘sword–sheath’ (Eveleth, 2015) or ‘outie–innie’ (Pearlstein, personal communication, 
2019).

Resistor codes

Another problematic aspect of the culture of E&EE is the mnemonic code or phrase used for 
remembering the resistor color code. In 1961, Alan Dundes wrote a paper exploring the richness 
of mnemonic devices as examples of folklore in various fields where he flatly states the following 
for ‘resistor code reminder’ (1961, p. 41). Although the language is horrifying, it is sometimes 
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used by educators today, and to show what students over the past half century have been exposed 
to, we quote Dundes’ explanation:

This device gives the resistance in ohms of a coded resistor. The code is: Black (0); Brown 
(1); Red (2) ; Orange (3); Yellow (4) Green (5); Blue (6); Violet (7); Gray (8); and White 
(9). 0 1 2 3 4 5 6 7 8 9 (ohms) B B R O Y G B V G W (colors). Thus if a resistor had a red, 
a green and a black band, the resistance would be 2, 5, and 0, that is, 250 ohms.

The mnemonic device:

Bad Boys Rape Only (Our) Young Girls But Violet Gives Willingly.
Black Boys Rape Our Young Girls But Violet Gives Willingly.
Bad Boys Run Our Young Girls Behind Victory Garden Walls.

There is no commentary in the Dundes (1961) article on the sexist or racist nature of these devices. 
One example of the impact of such codes is depicted in Violet Gives Willingly, a documentary film 
about a woman “confronting troubling memories of her short-lived career as an electrical engineer” 
(International Documentary Association, n.d., ¶ 3) in 1974 (Sanford, 2022). As a woman studying 
E&EE in the 1980s, one of us (Susan) was horrified by the codes she heard as an undergraduate 
student and did not want to commit them to memory due to the references to misogyny and rape.

Yet Dundes’ (1961) mnemonic persists. A recent search we authors conducted for ‘resistor 
color codes’ using Quora1 turned up a range of possibilities including some of the ones above. A 
more recent website suggests using a less offensive but still gendered pneumonic device “Bright 
Boys Rave Over Young Girls But Veto Getting Wed” (WikiHow, 2023). A response to the query 
we ran using ChatGPT in February 2024 on “What are several mnemonics for the resistor color 
code,” provided “Bad Boys Ravage Our Young Girls But Violet Generally Wins” as the first option 
and the one with “Violent Gives Willingly” fifth.

Recently, the first author of this chapter, Susan, briefly referenced the resistor mnemonics in 
class, and several students (white women and men of color) stopped her and asked for more expla-
nation. Developing a discussion around this topic could be a rich experience for E&EE students 
and faculty. However, we recognize that not all educators will have the skill to facilitate such an 
explicit discussion with undergraduates, but they can work to develop such skills to help E&EE 
education and culture evolve.

Image processing

Sometimes, what might seem innocuous and commonplace in a technical community may have 
a more problematic backstory. One such example is the Lena (or Lenna) image. If you have ever 
looked into work on image processing or image compression standards such as JPEG, you will 
likely have seen this image – a 512 x 512-pixel image of the face and upper arm of a young woman 
in a straw hat with a blue feather turning to look over her shoulder towards the camera. The image 
is of Swedish model Lena Forsén (Söderberg), but what is perhaps not so commonly known is 
that the complete image (of which a cropped area from the top portion of the origin photograph 
is the widely used test image) first appeared as a nude centerfold in the November 1972 issue of 
‘Playboy’ magazine. The image was used by the Signal and Image Processing Institute (SIPI) at 
the University of Southern California for comparative tests between compression algorithms but 
has now become ubiquitous within the image processing community. It is argued that the wide-
spread use of an image from what many consider to be a pornographic source only serves to rein-
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force the underrepresentation of women in computer sciences and engineering (Culnane & Leins, 
2019), including by Lena herself, as she stated in the 2019 short film Losing Lena (Bartley, 2019).

It is of particular interest how the male-dominated culture of the technology and computing 
industry has served to not only normalize the use of such an image over many years but contin-
ues to do so even to this day. As a journal editor, the second author, John, recently found him-
self in an altercation with an eminent professor of computer science at a top US institution over 
his suggestion that alternative images would be far more appropriate. This exposes a potentially 
interesting debate with students on several fronts, but mainly around why the provenance of such 
an image matters and how it impacts the drive for diversity and inclusion with engineering and 
tech. It is now common for journals to advocate for the use of alternative (and arguably techni-
cally better images) such as ‘Cameraman,’ ‘Mandril,’ or ‘Peppers,’ and some, such as ‘Nature 
Nanotechnology,’ have stated that they will automatically reject submissions using the ‘Lena’ 
image (Nature Nanotech, 2019).

In November 2023, decades after the image first appeared, the IEEE officially adopted this pol-
icy citing ethical reasons.

IEEE’s diversity statement and supporting policies such as the IEEE Code of Ethics speak 
to IEEE’s commitment to promoting an inclusive and equitable culture that welcomes all. 
In alignment with this culture and with respect to the wishes of the subject of the image, 
Lena Forsén, IEEE will no longer accept submitted papers which include the “Lena image”. 

(IEEE Author Center Magazines, 2024)

Moving forward

Hopefully, this offensive language is not taught to students in today’s E&EE classrooms. We might 
prefer not to state language such as the resistor codes at all in hopes that they will die out. Yet, 
today, the tradition is still alive online, and addressing it as an ethical issue is essential to chang-
ing the culture. Discussing such issues with a critical eye as to how they have contributed to 
and been reflective of the culture of E&EE is difficult but important work. It is worth noting 
that E&EE continues to have a very low representation of women compared to other disciplines 
in both the United States (Lord et al., 2015, 2019) and the United Kingdom (Bellingham et al., 
2023). Educators need to do more to identify and address cultural factors pushing women and 
people of color away from E&EE studies and careers. To confront ethical issues in E&EE related 
to language, belonging, and discrimination, we encourage E&EE educators to reflect on their own 
language choices. Educators can develop skills in discussing these sensitive topics by educating 
themselves; talking with colleagues outside of engineering in fields such as sociology or ethnic 
studies or education; discussing these issues with colleagues, friends, and graduate students; and 
then introducing them to undergraduate students. We recognize that some dangers exist for rais-
ing sensitive topics in class, particularly for students and instructors from vulnerable minoritized 
groups. Instructors must carefully navigate these discussions, ensuring a safe and inclusive learn-
ing environment while addressing the historical and contemporary issues in the field. Chapter 25 
on reflective and dialogical teaching approaches may be a helpful resource.

The University of Washington Information Technology group has a website with an Inclusive 
Language Guide, which contains information regarding problematic terminology in information 
technology, including ‘master–slave,’ ‘male–female’ connectors, and others such as ‘blacklist-
whitelist’ and ‘blackhat/whitehat.’ This is a good resource for exploring technical terminology and 
why it can be considered problematic (UW-IT, 2023).
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A pedagogical strategy that might be helpful for educators who want to lead discussions of 
these ethical issues is the confront-address-replace (CAR) framework. According to Asfaw and 
colleagues,

The CAR Strategy is meant to be a proactive and modern pedagogy which encourages 
discussion and thought on whether or not we should replace questionable aspects within 
engineering. The CAR Strategy does not force students to replace ‘master–slave’ or any 
terminology from their vernacular – it simply welcomes it.

(Asfaw et al., 2021, p. 25)

Specifically, this CAR strategy involves confronting the historical significance of a term such as 
‘master–slave.’ The strategy then moves to addressing the inaccuracies of this problematic termi-
nology. Finally, the discussion turns to recommendations for alternatives to replace the problem-
atic language, although these are suggestions rather than prescriptions. Researchers have studied 
the impact of a CAR strategy as a teaching framework in computer engineering at a predominantly 
white undergraduate university focusing on ‘master–slave’ terminology (Asfaw et al., 2021). Over 
two-thirds of the students surveyed in that study agreed that this was an effective framework for 
eliminating offensive terminology and that they would like to see it used in other engineering 
classes where it is applicable. The researchers suggest that this strategy could be used for other 
examples of problematic E&EE terminology. 

Conclusions

In this chapter, we have identified the importance and historic scarcity of case studies that are 
directly and technically relevant to students of electronic and electrical engineering. We have 
highlighted example topics where instructors can go beyond the typical professional subject of 
ethics and codes of conduct to introduce ethical issues. We have suggested discussion points and 
case studies that can be integrated in the core curricula and classes that form electronic and electri-
cal engineering. We have also demonstrated that within electronic and electrical engineering there 
exists a number of contemporaneous case studies and issues that would make excellent discus-
sion points within the technical classes of an electronic and electrical engineering program. These 
include sociotechnical cases where ethics trade-offs are a central consideration and issues of the 
culture and language within electronic and electrical engineering which can be directly linked to 
engineering content and bring the discussion of ethics into technical classes. We have presented 
cases that can provide active learning activities to breakup lecture classes by introducing participa-
tory debates on topics directly related to the theoretical concepts under discussion. We consider 
that this explicit connection of ethical concerns with technical content is vital to engage students 
and allow them to see that ethics is not an afterthought or an irrelevant and abstract concern but 
central to good electronic and electrical engineering practice and best practice in electronic and 
electrical engineering design. We hope that instructors will find these cases useful and will be able 
to integrate them into their classes.
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Introduction

In this chapter, the ethical dimensions of chemical engineering (ChE) activities, including their 
effects on the environment and human lifeworld, will be addressed. This description aims to iden-
tify possible content for ethics education geared toward chemical engineering students. After 
pointing out the specific and characteristic features of chemical engineering in contrast to other 
fields of engineering and to academic chemistry, various cases and scenarios of chemical engi-
neering efforts with ethical implications are presented. These are contextualized along the lines 
of different domains of responsibility. The underpinning idea is that engineering ethics educa-
tion should prepare chemical engineers to exercise different forms of responsibility in their forth-
coming careers and that familiarity with matching content will enable this pedagogical objective 
(Barry & Herkert, 2015; Bielefeldt et al., 2019; Børsen et al., 2020; Shallcross, 2010; Shallcross 
& Parkinson, 2006). Presenting historical and contemporary cases will allow the ChE student to 
understand their quintessence and apply this orientational knowledge to assessing other cases. 
Since the practical application of engineering ethics competence plays out in discourses in inter-
disciplinary team assemblages, the chapter presents a short practical guide on the role of chemical 
engineers in such professional settings. Hopefully, this chapter will inspire educators who design 
ethics courses or teach ethics in ChE to choose content that ChE students and their future employ-
ers find relevant in exercising professional and ethical responsibilities.

The author team includes a female Korean engineering educator with a chemical engineering 
background now living and working in Virginia (United States), a Caucasian male Danish chem-
ist-turned-techno-anthropologist, and a Caucasian male German chemist-turned-ethicist. All three 
work as academic scholars/researchers at universities and are primarily trained in Western intel-
lectual traditions in their disciplines, yet with different cultural (Asian and European) upbringings. 
We acknowledge that these personal backgrounds have undoubtedly shaped the choice of content, 
perspectives, comments, and conclusions presented in this chapter. For example, all authors are 
formed by Western ethical frameworks and share a belief that chemical engineers have both epis-
temic and social responsibilities.
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Ethics in chemical engineering

Chemical engineering and its specific features

The demarcation of ChE against other engineering fields and against the academic scientific dis-
cipline of chemistry is important for understanding the specific ethical dimensions, and it explains 
why ChE, with its specificities, deserves its own chapter in this book. ChE graduates employ sci-
entific knowledge of chemical substances, their characteristics and reactions, and their effect on 
organisms and ecosystems, for the elaboration of large-scale synthesis and production processes, 
transportation and storage methods and technologies, and various applications for industrial and 
consumer products. The chemical industry, as the main employer of chemical engineers and as the 
primary locus of research and development (R&D) with a strong innovative driving force, is an eco-
nomically significant key industry in most developed countries around the globe. This translation 
of knowledge about new and synthetic substances and reactions sustains the creative character of 
the chemical sciences and, more often than not, enters uncharted territory with new developments 
and designs. Thus, the ethical relevance of chemical engineering springs not only from its sheer 
quantity of impactful output but also from its inherent newness and multi-leveled risk potential.

Chemical engineering and chemistry as an academic science

Chemistry investigates the background of the science encompassing aspects of the organic, inor-
ganic, analytical, physical, and bio-chemistry. ChE is more multidisciplinary and practical, apply-
ing engineering science to problems relating to heat transfer, fluid dynamics, equipment design, 
and so on. Most chemists work in laboratories as research scientists, analytic chemists, pharmacol-
ogists, biochemists, toxicologists, or forensics, whereas typical industries for chemical engineers 
are energy, mining, food and drink, pharmaceuticals, wastewater, pulp, paper, and so on (Edwards 
& Shelley, 2018).

The ethical dimensions of these two domains’ work are different. Since most of the work that 
chemists do has only little direct impact on people and the environment, codes of professional con-
duct and good scientific practice are at the center of science ethics. While there are certain codes 
of good engineering practice that apply to chemical engineers, there are external responsibility 
dimensions to engineering ethics that concern the impact of engineering products on individuals 
and societies as well as the ecosphere. The urgency of the societal and environmental impact is, 
on the one hand, caused by the mere scale of the output. While chemists work in labs with rela-
tively small amounts of chemicals in closed experimental set-ups, most engineering work is done 
at the industrial scale with processes that involve a large throughput of substances and energy. 
On the other hand, it arises from the nature of ChE that a large group of stakeholders – people 
for whom something is at stake because of ChE work output – is entangled in ChE compared 
to academic chemistry. ChE stakeholders include entrepreneurs, managers, workers, regulators, 
clients and customers, consumers, and civil society. Therefore, the work of chemical engineers 
can more directly involve macro-ethical issues, which distinguishes it from academic chemistry 
(where work involves more micro-ethical issues like research ethics; see below for further details). 
Overall, chemical engineers have more touch points with interdisciplinary perspectives given their 
work’s natural engagement of multiple stakeholders.

Chemical engineering and other engineering domains

Simply put, ChE deals with chemicals while other branches of engineering do not. This fact needs 
to be reflected in ethics teaching for ChE students. Chemical engineers design and manufacture 



Jan Mehlich, Tom Børsen, and Dayoung Kim 

306

materials and products using scientific principles from chemistry, biology, mathematics, and phys-
ics. They may come up with innovative processes to use and transform energy. They can also work 
with microorganisms, food, pharmaceuticals, and fuels. ChE encompasses:

• Biochemical, biomolecular, cellular, and microbial engineering
• Biomedical, pharmaceutical, and tissue engineering
• Biotechnological and genetic engineering
• Food, textile, and paper engineering
• Materials and molecular engineering
• Metallurgical, welding, and corrosion engineering
• Petroleum, plastics, and polymer engineering
• Process engineering

In all these fields, working with substances and materials is central to daily activities (Denn, 
2011; Green & Southard, 2018; Shallcross, 2017). Chemical engineers are experts in exploiting 
 knowledge about material properties and characteristics for applications in devices and processes. 
These materials, their conversion or transformation products, or their waste products impact peo-
ple, society, and the environment. Given the large scale of industrial processes in which ChE 
expertise is employed, these impacts can potentially be disastrous. Thus, an increased responsibil-
ity for overseeing and controlling the impacts of the material output of professional work may be 
formulated for ChE.

Given the scope of this chapter, we will not introduce details of each subdiscipline within ChE 
listed above. Instead, we propose contents and teaching strategies that can be jointly taught across 
different chemical engineering subdisciplines, focusing on common issues and themes applicable 
to various subdisciplines.

Cases for teaching ethics in ChE

This section presents prominent and insightful historical and contemporary ethical case studies rel-
evant to chemical engineers. The compiled cases are extracted from different sources: a collection 
of ethical case studies in a special issue of the International Journal for Philosophy of Chemistry 
HYLE (re-issued in Schummer & Børsen, 2021), engineering ethics textbooks (Bowen, 2014; 
Harris et al., 2018; Johnson, 2020; Whitbeck, 2011), and searches in the academic journals Science 
and Engineering Ethics, Science, Technology, & Human Values, and Journal for Business Ethics. 
The selection of ethical case studies was then analyzed, and those considered most ethically rel-
evant for ChE were selected. These are presented below to illustrate the normative implications of 
chemical engineering activity and possible solution pathways for conflicts encountered in profes-
sional contexts. As each case is linked to different forms of responsibility chemical engineers need 
to consider, educators can select which cases to use based on their class topic.

Ethical issues related to the unpredictable nature of chemicals

As outlined above, a main characteristic feature of ChE is the production, processing, or appli-
cation of substances and materials for harvesting their specific properties for certain purposes. 
Inherently, as ChE innovation brings about new substances and materials, or new conditions under 
which they are processed, transformed, transported, stored, or recycled, one of the main sources 
of accidents, problems, and conflicts is the unpredictable nature of chemicals. Chemical accidents 
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and other adverse effects of ChE products in the environment and society can be attributed to 
chemical engineers’ inability to foresee each and every factor of the complex network of chemi-
cals, facilities, people, and system conditions that affect the safety and operability of larger engi-
neered systems. Adverse effects are not necessarily caused by irresponsible conduct or someone’s 
intentional wrong behavior – they may be regarded as the result of system failure or the unmanage-
able material complexity of ChE work.

One example is the unexpected side effects of chemical drugs. In 1957, a drug, Thalidomide, 
was launched in Germany by the medicinal company Grünenthal (Ruthenberg, 2016). It was 
considered a harmless drug to mitigate pregnant women’s morning sickness but was ultimately 
shown to have serious implications for babies conceived. Thalidomide, when taken during cer-
tain stages of pregnancy, could lead to infants being born with limb deformities. Testing for 
unintended effects over longer terms was not conducted early on, and it was therefore impossible 
to foresee those outcomes. Adverse effects were not linked back to Thalidomide until the drug 
had been in use for several years. A lesson of the Thalidomide case is that we cannot expect fully 
effective but entirely harmless drugs. While modern medical practices now report long-term 
effects of drugs, establishing direct links between conditions and specific medications remains 
challenging. Thus, in designing and processing chemicals, potential adverse outcomes of the 
products need to be seriously considered. In other words, chemical engineers hold a so-called 
‘external’ or ‘social responsibility’ to deliberately think of the potential outcomes of the prod-
ucts they design and produce. In this case, the implications regarded unintended harmful health 
effects.

Beyond direct impacts on patients’ health, chemical drugs can also have unintended effects on 
human culture. An example involves psychotropic drugs such as anti-depressive medicines. These 
chemicals affect emotions, mood, motivation, and behavior. These drugs can help many people 
with diagnoses such as depression, obsessive-compulsive disorder (OCD), anxiety, post-traumatic 
stress disorder (PTSD), and other mental illnesses. According to Klavs Birkholm (2016), they 
also influence our culture if used intensively – by changing our perception of illness and health. 
Francis Fukuyama and others argue that humans strive for recognition and that psychotropics’ 
effects on the state of mind of healthy humans might challenge this quest (Fukuyama, 2003), lead 
to passivity and apathy, and create false expectations of constant happiness through the misleading 
vision of perfect control over one’s mental states. These sociocultural implications resemble ethi-
cal discussions on human enhancement. They are related to works of science fiction like Huxley’s 
(2010) Brave New World and their warning against drugging the population to maintain an inhu-
man society.

The following case concerns the false assumption that chemical waste can be easily decom-
posed. From 1942 to 1952, Hooker Electrochemical Company dumped chemical waste at a place 
called Love Canal, which later developed into a settlement (Fjalland, 2016; Levine, 1982). A 
school was built close to the waste dump. Inhabitants complained about the odor. Public authori-
ties initiated an investigation to establish whether it was unhealthy to live in Love Canal. They 
concluded that living at some (specified) distance from the waste dump was safe. This did not 
align with the inhabitants’ registered occurrences of illness. Eventually, it was found that the 
model used by the authorities was wrongly chosen. Love Canal was declared unhabitable and 
was abandoned. Lessons learned here include that assuming that chemical waste can be stored 
safely is not straightforward and public authorities must listen to early warnings from concerned 
experts and local citizens. The case calls for participatory approaches to uncertainty, and related 
ethical issues deal with the science–society or expert–laypeople relationships and their respective 
epistemic authority.
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Unexpected consequences of chemicals occur, at times, in proximity to the exposure, for exam-
ple, to those taking drugs or their offspring or to those living next to a waste facility. However, this 
is not always the case. Sometimes, the implications are global.

The intensive use of dichlorodiphenyltrichloroethane (DDT) is an illustrative example of how 
the work of chemical engineers can turn into a global environmental issue (Børsen & Nielsen, 
2017; Bouwman, 2013). DDT is part of a cluster of chemicals called persistent organic pollutants 
(POPs) that are hard to break down, are attracted to and soluble in lipids or fats (lipophilic), and 
can disperse over long distances. DDT disrupts the hormonal system and is recognized for its 
detrimental effects on reproductive development. It has toxic effects on internal organs as well as 
on the neural system. It is suspected to be carcinogenic. It builds up in the food chain because of 
its long breakdown halftimes. When DDT is used extensively, resistance becomes apparent, lead-
ing to the eventual loss of its desired effects. During and after World War II, DDT was used as an 
agricultural insecticide to control crop pests and as a tool to combat insect-borne diseases such as 
malaria. Its use rose exponentially until its residue was registered all around the biosphere, even at 
the poles. Its use in agriculture is now banned and its use to combat malaria is restricted. The ethi-
cal debate surrounding DDT revolves around balancing its effectiveness in disease control with its 
detrimental environmental and health effects.

Other examples where chemicals have caused global environmental pollution are those of 
Bisphenol-A (Martin et al., 2021; Resnik & Elliott, 2015), other POPs (Godduhn & Duffy, 2003), 
and PFAS (Kwiatkowski et al., 2020). If chemicals are used on a global scale, global environmen-
tal challenges can merge, where everybody on Earth is affected by chemical substances and their 
unforeseen and undesired implications. When chemical engineering has such powers, responsibil-
ity means stewardship for the whole Earth and is driven by a view of humanity as part of the world 
and the environment (for more on this, see Chapter 6).

Quintessentially, the ethical issues arising due to the unpredictable nature of chemicals as intro-
duced in this section illustrate that chemical engineers’ good professional practice does not only 
mean absence of misconduct but also paying as much attention as possible to what could go wrong 
and to the validity and legitimacy of factual claims.

Ethical issues related to misuse of chemical engineering

This section describes a different kind of ChE-related problems. Rather than the unpredictability 
of material effects, the cases in this section have in common that they are the result of irresponsi-
ble decision-making in research and innovation contexts that involve ChE and in which chemical 
engineers are part of a bigger collective of agents including managers, businesspeople, regulators, 
workers, civil society, and others. In these settings, interests might diverge and corrupt each other. 
In the following cases, ChE expertise involved activities beyond purely technical or scientific 
professional conduct.

Military application of chemistry is one area where ChE or ChE-enabled technologies are pur-
portedly misused. There are several illustrative examples of military uses of ChE, including the 
use of poison gas in World War I, for example, as well as military applications of Napalm and 
Agent Orange during the Vietnam War. In this context, ‘misuse’ denotes the deliberate exploitation 
of chemical substances originally intended for specific applications, such as the textile industry 
or agriculture, with the intent to cause harm or produce destructive outcomes. This underscores 
the dual nature inherent in the use of numerous chemical and ChE innovations, as discussed by 
Tucker (2012). Many questions can be asked concerning the internal and external forces that drive 
engineers and other actors into unethical behavior:
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• Is it always wrong to develop or use chemical weapons?
• What ethical values are in play when assessing chemical weapons?
• What are the responsibilities of chemical engineers?
• To what extent were the implications of chemical weapons known?
• How do the responsibilities of chemical weapons engineers relate to the responsibilities of 

governmental representatives, politicians, military people, merchants, and the management 
of the weapons industry?

• What forces drive chemical engineers to misuse their knowledge, skills, and competen-
cies?

An illustrative example of misuse of ChE appears in the Fritz Haber case, which is thoroughly 
introduced in journal articles (e.g., Schummer, 2018) and books (Charles, 2011; Stoltenberg, 
2004). The case literature is extensive. It regards the implementation of ChE in the development 
of chemical weapons such as chlorine gas and mustard gas that were applied during World War I. 
The case also illuminates the backdrop of weapons development, shedding light on the intercon-
nected acade mic-m ilita ry-in dustr ial-g overn menta l complex. Haber personified all spheres as he 
was a university professor, a captain in the army, involved in the chemical industry, and appointed 
to serve in the German war department. The case shows that Haber himself explicitly chose not to 
follow established ethical values. As described by Schummer (2018):

First, he argued that he had never cared about the Hague Convention [an international agree-
ment banning gas weapons]. Second, he was convinced that in times of war ethical standards 
are to be replaced by patriotism, such that warfare engagement becomes a moral duty for 
scientists … Third, he was fully aware that his weapons program initiated an arms race 
among the enemies.

(p.13)

The details and discussions of the case in the literature show that the development and use of chem-
ical gas weapons cannot be justified by any major ethical framework (see Chapter 2). Discussing 
the case with students gives them ample opportunity to reflect on the limits of what may be ethi-
cally justified and on current practices in honoring influential persons in their field of study.

A related case is that of Agent Orange. Arthur Galston discovered a chemical compound, 
2,3,5-triiodobenzoic acid (TIBA), that inhibits the growth of leaves and, instead, increases the 
number of floral buds on soybean plants. In higher concentrations, though, it leads to defoliation 
(abscission of leaves) and the death of the plant. Galston learned later that the US army, interested 
in this chemical’s defoliation effects, produced derivates of this compound and used the most pow-
erful ones (known as Agents Orange, White, and Blue) in the Vietnam War, with disastrous effects 
on the ecosystem, food chains, and aboriginal culture and lifestyle. Galston remained extremely 
concerned about the implications of his work, not shying away from confrontation with the US 
government. He became a public voice of science that reminded fellow scientists of the inherent 
dual-use potential of every scientific discovery. According to Galston, “The only recourse for a 
scientist concerned about the social consequences of his work is to remain involved with it to the 
end!” (Galston, 1972, p. 223). Certainly, the same applies to engineers. It is important to note that 
the issue is not Galston’s responsibility as causal contributor to the United States’ use of Agent 
Orange in the Vietnam War. He was not able to predict that a fertilizer that has defoliation effects 
in high concentrations would be exploited deliberately as a warfare product. The responsibility 
attributions of him to himself and, as he hopes, all scientists and engineers to themselves, refers 
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to being aware of what happens with research and innovation output and, if necessary, to actively 
seeking participation in its discourse (Jacobs & Walters, 2005).

These cases open discussions of how to set up institutional regimes to prevent the development 
and application of chemical weapons by referring to the Chemical Weapons Convention – an inter-
national treaty that prohibits chemical weapons (Frank et al., 2018).

Perhaps counterintuitively, most so-called chemical incidents fall into this category, too. 
According to the World Health Organization (WHO, 2023), chemical incidents refer to:

An explosion at a factory that stores or uses chemicals, contamination of the food or water 
supply with a chemical, an oil spill, a leak from a storage unit during transportation, deliber-
ate release of chemicals in conflict or terrorism, or an outbreak of disease that is associated 
with a chemical exposure.

 (¶ 2)

Only in a few cases do chemical incidents occur due to the unpredictable nature of chemicals. 
Most, indeed, can be reconstructed as the result of a chain of questionable decisions. They are 
viewed as misuse if commercial interests overshadow the safety concerns of workers and civil 
society. They are viewed as the result of (unavoidable) uncertainty and risk amidst the complexity 
of chemical knowledge and expertise. One cannot generally judge whether a chemical incident 
reflects misuse or the unpredictable nature of chemistry. Chemical accidents that happen due to 
neglect of ChE expertise (and, perhaps, ChE warnings) in the pursuit of commercial or profit inter-
ests reflect a form of misuse, especially when public health is put at risk.

In December 1984, an accident happened at a factory producing the insecticide ‘Sevin’ in 
Bhopal in central India. Between 3,000 and 10,000 people were killed and more than 100,000 
were injured. The company that owned the plant claimed that vandalism committed by a dissatis-
fied employee was the course of the accident. This accusation was never proven, and Eckerman 
and Børsen (2018) present an alternative explanation. Different safety standards were installed and 
operated in India than in a similar facility in Virginia (United States): The manufacturing pathway 
– including the toxic compound methyl isocyanate (MIC) that explodes when in contact with water 
– was risky, but in Bhopal it was chosen over more expensive, but safer, alternatives. The MIC was 
stored in huge tanks and not in several smaller tanks. The safety system was under-dimensioned 
and manually managed. Ingrid Eckerman and Tom Børsen portray the Bhopal accident as misuse 
because of slack safety precautions, insufficient training, poor management, and so on. This case 
illustrates relationships among the chemical industry, public regulation of the industry, indepen-
dent non-governmental organizations (NGOs), and critical journalism.

Other examples of chemical incidents include the Seveso accident (Moser & Dondi, 2016), 
the Deepwater Horizon oil spill (Beever & Hess, 2016), the Beirut explosion in 2020 (Al Daia 
& Yaacoub, 2021; Al-Hajj & Kazzi, 2021), and many others. Given the severity and frequency 
of such incidents, central issues in teaching ethics to chemical engineers are safety maintenance 
and accident prevention through chemical engineers’ proactive engagement in multi-stakeholder 
discourses (see next section).

A third type of misuse of ChE has to do with the right to patent chemical substances and pro-
cesses. In short, the discussion revolves around materials that could potentially solve important 
problems but are limited in their widespread application because of patenting for commercial 
interests. Patenting is important in business models and corporate innovation practices (Grubb, 
2016). Chemical startups, especially, secure their intellectual assets by patenting substances or 
chemical transformation processes. Without patents, monetizing their innovation activities is jeop-
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ardized. Patents can prevent more widespread use of the products or processes, which has many 
effects. When the use potential involves tackling an ethical (e.g., societal or environmental) chal-
lenge, deliberate patenting may be interpreted as a misuse of ChE competence and expertise for 
profit – when considering the missed chance of doing something good for people, society, or the 
planet. Ethical issues like equality, global justice, and transparency are at stake. The conflict is 
amplified when the patenting leads to hype (and, perhaps, ‘patent racing’) around a technological 
branch such as synthetic biology or genetics (Schummer, 2016).

Another ethical issue in the patenting context arises when the patenting of a synthesis of a natu-
ral chemical substance disregards the interests of those who – perhaps unknowingly – have lived 
or worked for centuries with this substance (McGonigle, 2016). Gerber and co-authors (2021) 
describe the case of psilocin and psilocybin, compounds from the psilocybin mushroom, success-
fully patented by Swiss pharmaceutical company Sandoz after their R&D team found a way to 
synthesize these molecules. While the company benefitted from a huge market for psychedelics, 
the Mazatec tribe, indigenous to Mexico, who discovered the psychedelic and other health effects 
of the mushroom, were left without any mention of their innovation or knowledge around its 
use. Despite the UN Convention for Biological Diversity (1992) that urges to “respect, preserve 
and maintain knowledge, innovations and practices of indigenous and local communities” (p. 1), 
Gerber et al. (2021) assert:

There are still a series of important issues pending and ongoing debates on how to best 
achieve just and fair consultations and agreements, respecting ethical, epistemological, and 
ecological concerns, and how to properly share the benefits in the case of private properties 
of pharmaceutical corporations based on cumulative collective knowledge of indigenous 
peoples.

(p. 574)

Lessons to be learned from cases where ChE is misused are that chemical engineers have a respon-
sibility to reflect on the intentions and ethical legitimacy of their endeavors. Often it is difficult 
for engineers to formulate and make explicit a coherent ethical orientation system. Knowledge 
of different normative frameworks can assist in the formation of a feeling of what is right and 
wrong. Such formulation also requires toxicological and ecological knowledge to know whether 
a substance is harmful to humans or the environment. Hence, misuse of ChE requires a focus on 
the actual effects of ChE that can be compared to the intended ones. The harmful consequences for 
fellow humans, the environment, or even humanity that often accompany the – obviously morally 
wrong – misuse of ChE may also lead to a loss of public credibility of ChE in its entirety. This is 
more pertinent when misuse is not admitted and spun in secrecy and half-truths, making it ever 
more difficult to decide whom or what to trust.

Efforts to prevent misuse and manage uncertainty through interdisciplinarity

While the previous two subsections address ethical dimensions of ChE practices from the ‘prob-
lem’ perspective, this subsection intends to highlight the role of ChE in finding solutions. It often 
does so as an element of a network of many actors rather than regarding its own core competen-
cies. The following examples illustrate how ChE practice can be supported by other disciplines and 
expertise realms, and how ChE can support multi-stakeholder efforts to tackle ethical challenges.

Concepts of sustainable and green chemistry as strategies to address environmental issues in 
chemistry and ChE are sometimes co-shaped by chemical and non-chemical experts. Green chem-
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istry (GC) is an attempt to operationalize value-sensitive design in a chemical engineering context. 
GC was proposed by Paul Anastas and John Warner (1998) to translate ethical concerns into chemi-
cal engineering. It is defined as “the utilization of a set of principles that reduces or eliminates the 
use or generation of hazardous substances in the design, manufacture and application of chemical 
products” (Anastas & Warner, 1998, p. 2). It builds on 12 principles related to human and environ-
mental health, safety, and security. Other ethical concerns can be added (Friedman & Hendry, 2019).

Illes and co-authors (2021) provide an example of how GC can be enacted in polyvinyl chlo-
ride (PVC) production that, according to them, poses three ethical challenges: How can industry 
introduce safer technology? How can they be motivated? How can the complexity and uncertainty 
of new pathways be addressed? GC deals with several stages in addressing these issues: extraction 
and conversion of raw materials, manufacturing, end-uses, end-of-life disposal, recycling, and 
reuse. Ethical values can be reflected in all steps. The idea is that chemical engineers can design 
their way out of ethical challenges – such as pollution and human health threats. Ethical dilemmas 
can be mitigated through altered synthesis design, the development of new reaction pathways, 
or the creation of novel chemicals that pose no threat to human or environmental health. GC is 
an interdisciplinary endeavor combining chemical engineering, ethics, toxicology, and ecology. 
It also involves different branches, including industry (management and employees), academia, 
legislative levels, and civil society. Hence, a potential obstacle arises from conflicts with other 
interests, including commercial ones and those associated with novel practices. Additionally, the 
challenge of uncertainty persists.

Carbon dioxide (CO2) capture, as a form of climate engineering or geoengineering, aligns with 
the principles of green chemistry. Addressing climate change can involve either the chemical cap-
ture or removal of CO2 or the chemical shading of sun radiation. Ethical concerns extend beyond 
the uncertainties surrounding climate engineering effects; the so-called ‘moral hazard argument’ 
is also pertinent. It states that attention given to unrealistic or uncertain technological solutions to 
climate change will make the world population less willing to change behavior and, in that way, 
worsen climate change: Why bother when there is always an engineered technological solution at 
hand? To prevent technocratic decision-making and overly optimistic reliance on technical solu-
tions for addressing global challenges, chemical engineers must approach their interdisciplinary 
and public communication of possibilities and promises with care and caution.

A movement in the same direction as GC, but with significant dual-use potential, is the recent 
development of artificial intelligence (AI) technology applied to chemical contexts, such as iden-
tifying possibly harmful substances. Such application may support GC motifs by avoiding toxic 
or hazardous substances, for example, in drug discovery (Urbina et al., 2022). Yet, responsible use 
by chemists and chemical engineers is paramount given concerns regarding foreseeability, risk 
management, and accountability.

Ethical codes of conduct are often seen as a possible solution to the misuse of chemical technol-
ogy. When a researcher or engineer pledges to serve the interests of clients, colleagues, humanity, 
and the environment and not intentionally misuse chemical technologies, the rationale is that the 
susceptibility to misconduct and malicious intentions is significantly reduced. Many companies and 
national or international ChE organizations have crafted codes of conduct for chemical engineers, 
for example, the American Institute of Chemical Engineers (AIChE), the Institution of Chemical 
Engineers (IChemE), the European Council of Engineers Chambers (ECEC), or the Philippine 
Board of Chemical Engineering (see links in the References section). The Organization for the 
Prevention of Chemical Weapons (OPCW) has compiled an overview of more than 120 codes of 
conduct for chemists and chemical engineers from around the world (link in the References sec-
tion).
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In the private-sector chemical industry, ChE activities are firmly entangled with corporate 
social responsibility (CSR) entrepreneurial strategies (see Chapter 6). Although some CSR efforts 
can be debunked as greenwashing or ethical whitewashing – the false claim of acting sustain-
ably or philanthropically for marketing or publicity purposes – there are examples of positive 
effects of truthful CSR commitments on ChE practice in corporate settings. When German chemi-
cal company Bayer bought the infamous US-American company Monsanto, it saw itself exposed 
to criticism and loss of reputation. In response to this criticism that targeted disputable business 
and innovation practices at Monsanto, Bayer installed an internal ethics and integrity board tasked 
with overseeing R&D practices and giving competent advice on societal and environmental issues. 
Whether the board will have any visible effect remains to be seen. In any case, however, credible 
CSR approaches take discourses on the social impacts of ChE straight into R&D departments. 
This initiative is not unique. The chemical industry has institutionalized voluntary CSR activities 
in its ‘Responsible Care’ program (Belanger et al., 2014); the framework has been enacted in many 
countries around the world (Evangelinos et al., 2010; Gamper-Rabindran & Finger, 2013; Givel, 
2007).

A case of successful collaboration of chemical experts with other experts involves the EU’s 
development of regulations for the ‘Registration, Evaluation, Authorization, and Restriction of 
Chemicals’ (called REACH) and their enactment into law on 1 June 2007. REACH has been 
extended and developed iteratively over time. The European Chemical Agency (ECHA) over-
sees the enactment of regulations and supervises their execution and fulfillment. A core element 
of REACH is providing one coherent framework for new and existing chemicals. It seeks a bal-
ance between a reasonable workload of updating the database and the flood of new compounds 
and substances (considering, e.g., the countless nano-scaled compounds with different proper-
ties at different particle sizes). The idea is that the registry prioritizes the reporting of those 
substances that are relevant for industry and applications (sorted by various steps of production/
consumption in tons per year). This form of organization only works with effective communi-
cation along the supply chain, from manufacturers, importers, and distributors to downstream 
users. Because of this, there is a shift away from public authorities towards industry. What at 
first may look like a burden for industrial stakeholders (and analytical chemistry) is, in fact, an 
increased efficiency in regulation. Given the vast number of new materials from chemistry and 
chemical engineering, no agency or other public authority would be able to manage the test-
ing and regulation of all these chemicals in a feasible way. Through shared competencies and 
a clever combination of them, REACH has become one of the most sophisticated and helpful 
chemical registries worldwide. It is considered to be an institutionalization of the precautionary 
principle (Llored, 2017).

Responsibility domains

When discussing cases of ChE outputs that have ethical implications, the focus is usually on the 
professional competencies of the involved people. This means seeking to understand and clarify 
the specific responsibility that chemical engineers have regarding their professional competen-
cies (in contrast to them being members of society). The attribution of professional responsibility 
hinges on the legitimacy of expectations on skill, knowledge, and the ability to comprehend and 
follow rules and guidelines (Mitcham, 2005; Williams, 2012). In the context of chemical engineer-
ing, it means that the decision-making and action of chemical engineers are the ethical focus only 
insofar as it concerns their chemical knowledge and their professional institutional or organiza-
tional context.
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The principle of ‘backward-oriented accountability’ means that a chemical engineer should 
have known (or may be expected to know) about the specific effects of a design choice. Regarding 
the principle of ‘forward-oriented responsibility,’ a chemical engineer may be expected to antici-
pate or proactively assess a variety of effects and impacts. For a more nuanced understanding, it is 
helpful to distinguish among (a) internal and external domains of responsibility; (b) moral, legal, 
and institutional responsibility; and (c) individual and collective responsibility (Nihlén Fahlquist, 
2017). Note that responsibility is an intrinsically ethical concept in such a way that taking respon-
sibility always concerns ethical and other normative values.

Internal and external responsibility

While codes of professional conduct and guidelines of good engineering practice constitute the 
internal domain of responsibility, the external domain concerns the impact of engineering activity 
on the environment and human lifeworld (see also Mehlich et al., 2017). Analogously, Herkert 
(2005) distinguishes micro-ethics from macro-ethics. While many voices (especially from the 
engineering community) wish to see ethical discussion focusing on (or limiting itself to) the inter-
nal domain of good engineering practice, others point to the significant impact of engineering 
activity on the environment and human lifeworld.

In the internal (or micro-ethical) domain, responsibilities are often codified through professional 
guidelines and codes of conduct that are institutionally or organizationally enacted. Academic 
institutions have ethics boards, and companies encourage employees to read and sign their com-
mitments to professional conduct. Some companies identify explicit corporate values. In such 
cases, the call for ethical behavior is often modeled as a virtue approach – the ‘good chemical engi-
neer’ is committed to virtues such as objectivity, truthfulness, fairness, or skepticism. Merton’s 
communalism, universalism, disinterestedness, and organized skepticism as the central virtues of 
science (CUDOS) approach, and related lists have been refined for specific chemical engineering 
contexts and purposes (Merton, 1973/1942). This domain is especially relevant in the context of 
cases related to the unpredictable nature of chemicals – chemical engineers are expected to use 
their professional skills and knowledge to identify and mitigate risks. The atrocities caused by 
Thalidomide might have been prevented had the chemical experts conducted and communicated 
their toxicological studies more thoroughly without technophile or commercial interests in mind. 
The Love Canal pollution might have been avoided by rigorously following life-cycle and risk-
assessment protocols or hazard foresight strategies.

The external or macro-ethical domain gets less attention in the scientific literature on the topic. 
There are far fewer operational and methodological instructions and codified guidelines. However, 
technology development, design, and innovation tools such as value-sensitive engineering, ethi-
cal design thinking, or ethics-by-design (for more on these, see Chapter 22) aim at providing 
practicable frameworks for chemical engineers to systematically consider normative dimensions 
in their work. This domain mainly concerns the innovation entanglement of ChE in which chemi-
cal engineers defend and explain their choices in front of other actors and stakeholders such as 
corporate executive boards and management, regulatory bodies, or the public and civil society. An 
illustrative case is the development of chemical weapons. Responsibility, here, is not about the 
safe handling of the chemicals or the scientific rigidity of the study of their properties but about the 
known contribution to an unethical act (killing civilians with chemical weapons).

Disasters like the Bhopal and Seveso accidents illustrate how both domains can be interwoven. 
On one hand, scientifically sound study and communication regarding chemical properties is part 
of the internal responsibility domain of chemical engineers. Without reliable ChE knowledge, the 
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safety of industrial facilities cannot be maintained. On the other hand, it is precisely that knowl-
edge that empowers chemical engineers to supervise R&D practices and to communicate concerns 
about safety and risks, if necessary, in firm opposition to economic, commercial, or political inter-
ests. This is ChE’s ‘external responsibility.’ External responsibility is sometimes called ‘social 
responsibility.’

The unpredictable nature of chemicals touches upon the interplay of (or tensions between) 
internal and external responsibilities. Chemical engineers and their disciplinary societies need 
to address the unpredictable nature of chemicals as part of good professional practice. Doing 
so is also an expression of caring for societal and environmental impacts. In that way, chemical 
engineers are responsible for upholding the reputation and good practice of chemical engineering 
(internal responsibility) and for protecting society and the environment (external responsibility). 
Chemical engineers hold a responsibility to engage with different perspectives and manage uncer-
tainty when trying to assess the sometimes unpredictable implications of chemical products.

Ethical issues related to the misuse of chemical engineering also transgress the distinction 
between the internal and external responsibilities of chemical engineers. If chemical engineers 
consciously violate good engineering practice, it has implications for citizens and the environ-
ment, as we have seen in several cases above, regarding accidents, war crimes, and unjust distribu-
tions of risks and benefits arising from chemical engineering.

Thus, we suggest including reflections and deliberations on both the purposes and the broader 
implications of chemical engineering projects as part of good practice in chemical engineering 
(for more on how to do this, see Chapters 6 and 25). Good engineering practices are intertwined 
with the societal role of engineering expertise. Luckily, we need not start from scratch when we 
try to bridge chemical engineers’ internal and external responsibilities. Existing mechanisms to 
prevent misuse and manage uncertainty are ways of bridging the internal and external respon-
sibilities of ChE. They include science-based legislation, formulating engineering programs to 
explicitly address ethical challenges (including green chemistry projects), and the many initiatives 
to formulate ethical codes of conduct in academia and industry. Almost all cases presented in this 
chapter can be made sense of by considering these two dimensions of responsibility. In the authors’ 
teaching activities, students are happy to learn about this distinction because they find it clarifying.

Moral, legal, and institutional responsibility

Responsibility is attributed with different intentions by different stakeholders in view of different 
aspects of decision-making (rules, knowledge, competence, authority, etc.). It is useful for our 
purpose to distinguish the following dimensions of professional responsibility:

• Moral responsibility: to act in accordance with moral codes and to respect ethical values 
and principles

• Legal responsibility: to know and obey relevant laws and codified sets of rules
• Institutional responsibility: to follow institutional, for example an employer’s, rules and 

binding contracts

Ethical behavior, here understood as an activity driven by a commitment to norms of any kind 
(morals, laws, culture, etc.), is not limited to one of the dimensions defined above but usually 
requires a navigation of choices that avoids conflicts between the different domains. For example, 
chemical engineers are, by contract, embedded into an institutional (e.g., firm-internal) network of 
rules and codes that they are expected to follow loyally. Sometimes, it may be necessary to chal-
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lenge these rules in the face of moral dilemmas that surface during the development of a techno-
logical item, a prototype, or during the real-world implementation of something new (a chemical 
compound, a process, etc.). Imagine a chemical firm interested in the market implementation of 
one of its innovative products. When chemical engineers involved in the environmental impact 
assessment process identify safety risks beyond required assessment standards, they may face a 
conflict between their moral responsibility to point out these risks and their institutional obligation 
to follow executive board directives concerning the public communication of internal R&D infor-
mation. The Love Canal and Thalidomide cases and historical chemical accidents are illustrative 
examples of chemical engineers under such tension.

In the cases described in this chapter, we see examples of ethical values such as no-harm and 
human dignity, international legal regimes such as the Chemical Weapons Convention and the 
Stockholm convention regulating POPs, and institutional rules such as codes of conducts, green 
chemistry principles, and corporate social responsibility arrangements like Responsible Care, that 
define different normative arrangements that professional responsibility can be defined by.

In view of this distinction, chemical engineers cannot solely rely on the codified terms of 
accountability when doing their job; they need to be aware of the ethical dimensions of their work 
that require proactive engagement and have the readiness to face discourses with stakeholders 
who pull into other (perhaps unethical) directions. Competent professional agency, in this respect, 
exceeds the realms of compliance (with codes of conduct) and standard protocols but may enter 
supererogatory areas in which ethical behavior is not a matter of top-down duty but of a personal 
commitment to ‘doing more than one’s duty’ (as, e.g., whistle-blowing even in the face of negative 
personal consequences).

Individual and collective responsibility

To fully comprehend one’s professional responsibility ascription and act accordingly, it is neces-
sary to understand the difference between attribution of individual responsibility (for example, 
for professional agency) and collective responsibility (e.g., to firms or social spheres such as sci-
ence or innovation). The latter can never mean delegating responsibility and duties away from 
an individual and towards an intangible, non-personalized entity. In many of the cases described 
above, it would be possible for chemical engineers to argue that they didn’t do wrong because their 
contribution to creating a problem was only marginal or because the chain of decisions that led to 
the conflict didn’t allow identification of them personally as the causal origin of the problem. For 
instance, Thalidomide is a marketed product, so some could argue that disseminators rather than 
developers are to blame. The waste-disposal site disaster was created due to a community deci-
sion. The Bhopal disaster resulted from a long series of questionable economic decisions meeting 
unfortunate local working conditions, and so on. Yet, as a counter-argument, many of the decisions 
were based on factual information that was contributed by the chemical engineers. Thus, rather 
than denying any responsibility, it would be prudent for engineers to clarify their own contribution 
to the collective and to engage in co-operative discourse that constitutes the collective responsibil-
ity of a multi-agent entity such as a firm or a public service organization.

Responsibility in action: chemical engineers in discourses

Chemical engineers usually work in highly diverse teams, so their specific role in research, devel-
opment, design, and innovation processes is described in this section to highlight the normative 
dimensions of interdisciplinary collaborative agency. This issue predominantly concerns the exter-
nal responsibility domain: the elicitation, comprehension, and anticipation by design of future 
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impacts of engineering, development, and innovation choices. In both academic and corporate 
realms, engineers make the normatively most significant decisions after connecting their factual 
contribution (research results, functionality and utility, risk and impact assessments, etc.) with val-
ues and norms that guide the outcome-oriented mission statements and purposes of the undertaken 
efforts.

For example, in their research about chemical engineers’ experiences related to ethics in engi-
neering in the health products industry, Kim and Kerr (2021) showed that when chemical engi-
neers design products, such as drugs, they consider both benefits and risks to the patient, their 
customer, so that their products can ultimately improve patients’ health outcomes. When engineers 
make a design decision, they ensure their arguments are based on data and scientific rigor so that 
their products can ultimately be safe and efficacious for patients. Kim and Kerr also showed that 
compliance with established technical standards and regulations is also an important consideration 
among engineers, and as engineers work in teams, acknowledging the contributions of different 
team members in the project is also very important. Likewise, chemical engineers consider mul-
tiple factors, including making data-driven and scientifically rigorous arguments, complying with 
technical standards and regulations, and cultivating a healthy teamwork environment to achieve 
their ultimate goal of serving the needs of their customers safely and efficaciously.

In these discourses, engineers are never purely knowledge exponents or providers of the neces-
sary insights for the one right solution to a problem. Their input can potentially modify normative 
commitments and respective development paths. In this view, an ethical engineer is not an expert 
on ethics, but a responsible agent who stirs a constructive discourse among stakeholders to set 
factual knowledge and value claims into a plausible and scrutiny-withstanding relation. Pielke 
(2007) calls this the honest broker.

This practical discourse skill is not inborn but can and should be trained. Therefore, the edu-
cation of chemical engineers in the ethical dimensions of ChE should be understood as practical 
coursework and not as a lecture on theories and principles. The case overview in the previous 
section indicates that the solution for problems arising from ChE undertakings, or the prevention 
of such problems, is not formal training in ethics and ethical principles but better development of 
responsibility, communication, critical thinking, teamwork, and interdisciplinary competencies. 
Chemical engineering education at most higher education institutions follows a highly practical 
curriculum. ChE students are used to approaching problems at hand. Ethical and other normative 
challenges are not different – they require pragmatic, practicable approaches that are best learned 
in a challenge- or problem-based fashion (Mehlich, 2022).

Conclusion and outlook

This chapter provided content for the ethics education of chemical engineers. Educators may con-
sider broadly covering topics, including ethical issues arising from the unpredictable nature of 
chemicals, their potential misuse, and prevention efforts, employing specific examples we pro-
vided in this chapter. When teaching those issues, educators can consider the various responsibility 
domains we suggested. To support the design of teaching items in ChE, we suggest linking the 
presented cases with the different forms of responsibility discussed above. Since chemical engi-
neering practice and its impact are interdisciplinary, educators may also need to consider how to 
help chemical engineers develop practical skills for navigating such environments.

Contemporary theoretical work on the philosophy and sociology of chemical engineering 
has laid out the foundations for understanding the practical agency of chemical engineers. This 
means the conceptual and methodological bridge towards practice and education has been built. 
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With appropriate and scientifically validated concepts of sustainability at hand, it is now possible 
to craft effective and efficient impact assessment procedures that not only study toxicity or life 
cycles but also address ethico-environmental issues such as biodiversity or environmental jus-
tice (Thompson, 2020), trust, or diversity. Thus, future chemical engineers will be empowered to 
anticipate these ethical aspects via their professional competence.
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Introduction

From the first home computers in the 1970s to the use of algorithms in application engineering, 
technology has expansively progressed over the last several decades (O’Regan & O’Regan, 2008). 
The resulting hardware, software, and data generated have become ubiquitous in our lives, per-
meating numerous industries such as healthcare, finance, agriculture, manufacturing, and educa-
tion. Creating and utilizing these technologies can wield tremendous influence, offering solutions 
across domains and society at large. Meanwhile, the conversation regarding ethical issues and 
implications surrounding these technologies expands.

Despite early twentieth-century critics of modern technology (Heidegger, 1977; Ellul, 1964; 
Mumford, 1934, 1967) warning about humans becoming slaves to technology, the prevailing view 
on technology has remained primarily utopian. Initially, technology and its artifacts were con-
sidered neutral, holding no intrinsic morality, with the user assessing its ethical aspects. Such 
approaches shift moral judgment from creators to users, subject to their end goals, thereby over-
looking any underlying ethical concerns in the technologies themselves. Consequently, computers 
and software are perceived as objective entities, neglecting the influence of the software engineers 
behind the technologies, who bring their own viewpoints, beliefs, and biases into the products they 
and their teams create.

Nevertheless, the extensive integration of computing into society, the rise of ‘Big Data,’ and 
the impacts of created tools have necessitated questioning technology’s purported neutral status. 
Although technology can enhance the quality of living, it can be harmful as well. Various scandals 
concerning algorithmic applications, data misuse, and security breaches make it increasingly evi-
dent that technology is dependent on the (conscious or subconscious) biases and decisions of the 
people and organizations building and maintaining them (Brown et al., 2021; Hysa et al., 2023). 
Computing solutions are applied to a range of topics and can enable access and dissemination of 
useful information, but can also exacerbate inequity, amplify stereotypes, and/or lead to issues 
around privacy and security – for example, through hacking into personal accounts (Xu & Tang, 
2020). Thus, the influence of humans and the development and use of technology are inextricably 
linked, and decisions can have consequences not linked to the designers’ intent.
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Ethical issues in software engineering

To help software engineers become aware of their responsibilities in the creation, dissemi-
nation, and maintenance of software, as well as their consideration of data use, educators must 
provide environments that promote not only learning how to code, but also how to recognize 
ethical issues and accurately respond to them. This is where ethics education can play a crucial 
role; scholars have emphasized the need to focus on how rather than what to think (Horton et al., 
2022). Integrating ethics and encouraging social justice early on can promote students’ agency and 
encourage them to consider the implications of decisions (Moore, 2020; Ferreira & Vardi, 2021). It 
is critical for ethics to be conceptualized as part of practice, and to transition disciplinary mindsets 
away from ‘avoiding traps’ toward anticipating ‘sociotechnical risks’ (Andrus et al., 2020, p. 77).

Incorporating ethics into education is not novel but constitutes an ongoing effort. Numerous 
organizations, governmental funding agencies, and institutions of higher learning have previously 
acknowledged the need for concentrated and comprehensive ethics education. A joint task force 
comprised of representatives from the Association for Computing Machinery (ACM) and Institute 
of Electrical and Electronics Engineers (IEEE) – two major international computing societies – 
worked together to define a guiding ‘Software Engineering Code of Ethics’ to encourage stand-
ards for teaching and practice (Gotterbarn et al., 1997, 1999). Although this code can provide a 
beneficial foundation for framing ethical issues, decision-making in the real world can include 
any number of variables and requires all individuals to take ownership and responsibility for 
choices. Towards this goal, ‘IEEE 7000’ is the first standard that describes principles surrounding 
unintended risks and encourages ‘responsible innovation’ with consideration of human and social 
values (Spiekermann, 2021). Recognizing the importance of personal responsibility in software 
design and use, IEEE 7000 centers around combining material value ethics and moral philosophy 
to drive value-based engineering (Spiekermann & Winkler, 2022).

Despite such endeavors, attempts to foster ethical mindsets are not always widespread 
(Connolly, 2020). Ethics are often taught either as standalone courses or are incorporated within 
existing courses by engineering instructors (Fiesler et al., 2020). Yet, integrating ethical aware-
ness and decision-making cannot be undertaken in isolation; ethics instruction must intertwine 
with technical understanding (Martin et al., 1996). Presenting ethical concepts sporadically may 
be insufficient to alter students’ thinking. Instead, a widespread approach is required, with lessons 
embedded throughout curricula and recurring periodically throughout a student’s matriculation.

As societies evolve and along with them the definitions of technology, the field of computing 
likewise advances, and dynamic subfields – such as artificial intelligence (AI), computer vision 
(CV), human-–computer interaction (HCI), and machine learning (ML) – emerge and expand. 
Continually considering the ways in which technology can impact accountability and transparency 
is essential. Moreover, we must reflect on how ethics can be applied to advocate for social justice 
and encourage diverse voices (Cheong et al., 2021; Ferreira & Vardi, 2021). With this chapter, 
we hope to contribute to a long-term and sustained approach to molding ethically minded soft-
ware engineers by providing didactic tools to establish educational and professional environments 
where inclusion and morality are at the forefront of the discussion. We encourage conversations on 
and integration of ethics throughout computing curricula, touching upon themes like responsibility 
and social impact.

In the section that follows, we will introduce ourselves as authors of this chapter and describe 
our positionality to frame the chapter. Then, we will then elaborate on ethics and its place in soft-
ware engineering (SE), before diving into practical approaches to integrate ethics in SE pedagogy. 
Finally, we outline case studies that instructors can use to convey important ethical issues in SE. 
Our tools can be applied within different courses with distinct objectives and assignments, with 
reinforcement of ethical thinking as a final goal, while providing the opportunity for students to 
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practice ethics and empower them to “effectively actualize their (own) values in future profes-
sional decision making” (Cohen et al., 2021, p. 861).

Positionality

Given the role that personal values, experiences, and backgrounds can have in how topics are 
approached, interpreted, and defined (Martin et al., 2022), we want to be transparent as authors. 
We aim to disclose how we have influenced what is presented. In this section, we share informa-
tion about who we are and the role that plays in the perspectives and approaches we use.

The first author, Stephanie, identifies as a white woman with a computer science (CS), com-
puting education, and engineering education background. She is an assistant professor at a large, 
research-focused university in the southeastern United States. Her experiences with sexism and 
imposter phenomena in computing have driven her efforts to aid in students’ technical and profes-
sional development and to cultivate more inclusive mindsets.

The second author, Isis, identifies as a white cis woman with a background in philosophy, 
data ethics, and the development of educational programs. Her role as a data ethics consultant 
and educator shaped her view on careful decision-making and ethics as a practice of continuous 
reflection and conscientiousness. Being the first in her family to receive training at university, 
she is conscious of the importance of introducing matters like ethics in ways explicitly tailored 
to the target group – to encourage enthusiasm and curiosity rather than alienation or indiffer-
ence.

The third author, Prajish, identifies as an Indian man with a CS and educational technology 
background. He has experience working for an EdTech company as a software developer. He 
works as an assistant professor at a liberal arts university in India and teaches CS subjects like SE 
and introductory programming. His experiences in the software industry, as well as his research 
experience in educational technology, have made him realize that a more holistic instructional 
approach is required to help students engage with engineering problems equitably and effectively.

The fourth author, Vivek, is a non-binary Indian with a robotics, mechanical engineering, and 
engineering education background. His experiences in learning and teaching in Asia, Europe, and 
North America – where he was at times a member of the ethnic and/or racial minority – have 
shaped his worldview. His desire to see ethics and societal responsibility being prioritized in 
research and teaching in robotics and engineering domains drives his pedagogical practice.

Ethics and morality in software engineering

In philosophy, “if we are interested … in what our guiding ideals should be, in what sort of life is 
worth living, in how we should treat one another” (Shafer-Landau, 2018, p. 1), ethics is the domain 
that we turn to. This domain is a broad and can be categorized into three subdomains under which 
different types of looking at ethics can be grouped (Shafer-Landau, 2018):

 1. Normative ethics: focuses on standards and what we ought to do. Irrespective of the circum-
stances, it considers What are our moral duties? and Which actions are morally right, and 
which actions are morally wrong? Normative ethics encompasses approaches like utilitari-
anism, consequentialism, deontology, feminist ethics, and virtue ethics.

 2. Meta-ethics: focuses on the status of our moral claims and values. Can we say moral theo-
ries or statements are ‘true’? We might even wonder about the existence of something like 
a universal moral viewpoint.
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 3. Value theory: focuses on questions concerning the nature of defining goodness and the good 
life: What is a ‘good life’ and how do we pursue it? It balances moral and natural goods.

More elaborate discussion of these ethical frameworks is provided in Chapter 2 of this handbook. 
Here, in this chapter, when we speak of ethics, we refer to normative ethics. We want to provide 
educators and students with the tools to help them grasp ethics and reflect on what is good in terms 
of actions and decision-making while keeping in mind that defining what is ‘good’ is complicated. 
Issues can be highly complex, contextual, and subjective, involving multiple actors with their own 
values, expectations, and worldviews. As such, we need a way to consider those issues cautiously 
and form as broad of a perspective as possible. With ethics, there may not be a simple solution 
offering clear-cut answers; rather, an ongoing process can guide and navigate conversations about 
these complex issues.

Cultivating ethical mindsets throughout the software 
development and data life cycles

We strive to instil moral values in computing students to empower them to make ethical deci-
sions throughout the software development life cycle (SDLC) and the data life cycle (DLC). The 
term ‘software development life cycle’ describes the formal or informal process, or methodology, 
employed for the design, creation, and maintenance of software (Sommerville, 2016). It has been 
defined using multiple models (e.g., Waterfall, Spiral) (Ruparelia, 2010; Mall, 2018), and while 
the names for each of the phases and specifics vary, the core concepts remain more or less fixed. 
Linked to software design, the ‘data life cycle’ comprises distinct phases (Wing, 2019), and the 
term describes the process of generating, using, and managing data (e.g., datasets, databases, code). 
Once the data life cycle is complete, knowledge gained can result in feedback that can inform/
improve additional data collection and creation. Throughout the SDLC and DLC, an ‘Ethics by 
Design’ approach can be employed to emphasize fairness, transparency, accountability, social and 
environmental well-being, privacy, data governance, and human agency (Dainow & Brey, 2021).

Teaching students to embrace ‘Ethics by Design’ involves tools, discussions, and assignments 
that promote ethical reflection and can aid in problem-solving. The approach can enhance choice 
consideration and inform planning, thinking, and actions in the life cycles. In Figure 18.1, we pro-
vide a conceptual model that unites the SDLC, DLC, and ethics (Ashok et al., 2022; Janeja, 2019; 
Karim et al., 2017; Wing, 2019).

Although each life cycle is presented separately, the arrows leading into each other are meant 
to emphasize that the two cycles are frequently interrelated. Data generation can follow software 
development, and data results can spark further software development. Ethical principles must be 
stressed across the process. We propose this new conceptualization, which we label the ETHOS 
model, as a way for educators to reconcile the components it encompasses:

Ethical (ethics)
Technological processes (software engineering life cycle),
Handling, and
Organizing data (data life cycle) for
Social impact (ethics)

These components appear in Figure 18.1 to make their connectivity explicit and highlight that 
consideration of ethics should encapsulate all decisions, choices, and actions taken – and all with 
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regard for social impact. An ‘Ethics by Design’ perspective, as described by the ETHOS model, 
highlights the value of being mindful of and addressing ethical issues as early as possible. It also 
lends itself to following up on these issues and evaluating them throughout the process. As identi-
fied in the outer ring of this model, this necessitates consideration of additional concepts, includ-
ing:

 1. Accountability and transparency: To address the challenge posed by the ‘many-hands prob-
lem’ of attributing outcomes to a single individual in software projects that involve multiple 
people (van de Poel, 2015), the ETHOS model fosters a culture of individual ownership 
for actions, choices, and mistakes. In addition to complying with regulations, this involves 
collaboration, understanding expectations, ensuring accuracy, considering consequences, 
valuing quality, and being honest about decisions. Transparency involves communication, 
traceability (documenting or tracking goals, history, and assumptions), and intelligibility 
(comprehensibility and monitoring programs and systems to achieve outcomes).

 2. Agency: Computing professionals make ethical decisions shaping the creation, maintenance, 
and application of products, programs, and data. They actively influence the ethical land-
scape through decision-making rather than passively following established norms. Thus, 
empowering individuals to address possible issues and propose solutions as they arise is 
valuable. Those involved ought to have autonomy over ethical deliberations, strategies, and 
actions that support the freedom and diversity of users. They should also reconcile differing 
interests and values while balancing project and product specifications.

 3. Ethical awareness: Recognizing, analyzing, and navigating moral situations is crucial for 
individuals and organizations as it adds a human element of control. This goes beyond 
understanding the impact on various actors, including the environment. Hence, it is essen-
tial to prioritize the sustainability of products, programs, or data and anticipate potential 
repercussions at the conclusion of the item’s life cycle. Proactively establishing safeguards 
in the SDLC and DLC to detect and mitigate problems is part of this, but ongoing appraisal 
and reflection are equally important for mindful decision-making.

 4. Professional ethics: Conduct standards should be an integral part of the SDLC and the 
DLC. Individuals and organizations must uphold an ethical code – and values – centered on 
respect, transparency, honesty, fairness, privacy, and human-centric well-being. Individuals 
should understand diverse definitions and manifestations of these concepts, enabling them 
to make ethical decisions in various situations. Such ethical conduct may appear through 
fidelity, beneficence (i.e., promoting doing good or the well-being of others), non-malefi-
cence (i.e., avoiding harming or injuring others), and justice (i.e., distributing benefits and 
burdens fairly).

 5. Social impact: Ethical lapses in the SDLC and DLC can have serious consequences in 
real-world situations. Accordingly, it is important to extend beyond the technical aspects 
of software engineering to consider social, economic, cultural, and environmental impacts 
on humanity. Such thinking and behaviors demand global awareness, cultural competence, 
attention to accessibility, and the inclusion of diverse perspectives – encouraging proactive 
contributions to technology in alignment with varying ethical values. It necessitates address-
ing societal challenges, promoting social good, and identifying, seeking to prevent, and 
resolving potential negative impacts of programs, applications, and/or data.

We advise using the ETHOS model to emphasize human values and students’ personal respon-
sibility and encourage students to reflect on their own roles, biases, and decisions. Although we 
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present bullet points in Figure 18.1 to provide instructors with ideas for further discussion points, 
a simplified version may make the content more digestible in the classroom. Introducing individu-
als to existing codes like the ACM’s Code of Ethics or having students create their own codes 
fosters awareness of their professional responsibilities. Everyone taking moral responsibility and 
striving for continuous improvement and just behaviors can contribute to a positive shift in our 
interdependent society.

The following sections describe several ways educators can approach these topics. We encour-
age the exploration of different (ethical) viewpoints. Instructors can initiate meaningful conversa-
tions in classrooms using several ‘dialogical approaches.’ Students can also engage with various 
‘reflection tools’ to help them ruminate on ethical issues and concerns in projects. These dialogue 
approaches and reflection tools can be considered to further students’ engagement with ethical 
concepts, issues, and thought processes. The sections below focus on software engineering, and, 
again, for a more general discussion on using reflective and dialogical approaches in engineering 
ethics education, we refer readers to Chapter 25.

Dialogical approaches

Reflecting on choices and engaging in open discussions about intercultural responsibility, toler-
ance, and consequences aid ethical decision-making (Ferri, 2014). Integrating ethics into the class-
room can be approached in various ways to help students develop ethical mindsets and address any 
issue they may encounter.

The purpose of ethical conversations in software engineering

 Issues can arise in any project or system involving software or data, and three key aspects must 
be considered (van Veen & Visser-Knijff, 2022). The first involves the project’s technological pos-
sibilities and feasibility, leading back to the SDLC. The second regards the legality of data storage 
and application (i.e., the DLC): Is data’s intended use and processing compliant with regulations? 
These two aspects can easily be solved by personnel like privacy officers and can be assisted with 
a control check like a data protection impact assessment (DPIA).1 However, even when all techni-
cal or legal questions are sufficiently answered in any project, a third aspect remains – concerning 
desirability. This aspect demands careful reflection regarding software and data projects at differ-
ent points in time to ensure we consider future ethical implications a project might have in addition 
to complying with the rule.

One way to empower students is by incorporating ethical conversations into educational prac-
tice. Gaining experience in having ethical conversations about real-world case studies can help 
students gain what Aristotle calls phrónēsis, or practical wisdom, which to him means knowing 
how to act in a specific situation (Kraught, 2022). Gaining phrónēsis is a process of training to 
cultivate one’s virtues or good traits. By applying principles of action to real-world situations, we 
will train ourselves to assess each situation carefully and then decide on our actions, which should 
align with a virtue. This way of looking at ethics is crucial because ‘doing’ ethics is not a matter 
of ticking boxes or choosing the right action from a predefined set, but rather requires us to assess 
each situation and its context on its own and decide our best course of action from there.

In addition to teaching students about ethical implications, conversations can aid decision-
making. Facing ethical issues can potentially pressure students to make the right decision. At the 
same time, many students lack formal decision-making training and practice (Bond et al., 2008; 
Keeney, 2020) while also underestimating how their own biases affect decision quality. Discussing 
projects in a group may reveal diverse perspectives, offering invaluable input on project decisions. 
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Conversations may yield new insights, promoting ethically minded decision-making and risk miti-
gation. Below, we will summarize three conversation methods and how they can be used:

 1. Socratic dialogue: The Socratic dialogue is a conversation method which, according to 
Knezic et al. (2010, p. 1105), is defined as:

a philosophical group dialogue in which the participants guided by a facilitator and a 
number of ground rules strive to reach a consensus in answering a fundamental question 
on the basis of a real-life example or incident with the purpose of achieving new insights.

For those in computing roles, the Socratic dialogue may appeal for cultivating several skills:

 a) Asking the right questions – as the dialogue is centered around one core question, 
students are pushed to carefully consider what questions should be asked in different 
stages of the ETHOS model.

 b) Inquiring into underlying assumptions or ideas – at its core, the Socratic dialogue is 
focused on inquiring into one’s ideas, beliefs, assumptions, and dispositions. It is thus 
pre-eminently suited to encourage students to examine their own attitudes and identify 
any bias they might unconsciously hold that could impact projects.

 c) Promoting mutual understanding using the Socratic dialogue is a collective effort, 
pushing participants to reach a unanimous conclusion. This encourages students to 
adapt their viewpoints based on new information and sound arguments, fostering better 
teamwork and openness to diverse perspectives that can alter project directions.

 2. Moral case deliberation: Moral case deliberation is a conversation method commonly used 
in medical and business ethics. It involves discussing a real-life case to move towards a 
concrete approach or action.

As moral case deliberation aims to obtain concrete project actions, it proves valuable 
with case studies or as group intervention for students dealing with ethical challenges in 
internships. Discussing problems and extracting actionable suggestions boosts students’ 
confidence to address such issues in projects, enhancing their ethical agency. As per the 
description in a 2012 article by Karssing (2012), students will also be encouraged to explore 
the case and thus increase their ethical awareness and sense of personal responsibility.

 3. Thought experiments and scenario thinking: The last method to initiate a conversation is to 
use thought experiments or scenario thinking. Thought experiments (e.g., Philippa Foot’s 
‘Trolley Problem’) are widely used in philosophy. Philosophers often use thought experi-
ments to visualize scenarios that cannot be carried out in the real world due to physical, 
financial, technological, or ethical limitations. The Stanford Encyclopedia of Philosophy 
(Brown & Fehige, 2019) describes engaging in a thought experiment as follows: “we visu-
alize some situation that we have set up in the imagination; we let it run or we carry out an 
operation; we see what happens; finally, we draw a conclusion.”

Using thought experiments and scenario thinking lends itself especially well to software engi-
neering, as it focuses on trying to gain insight by:

 a) Identifying issues by describing possible outcomes of deployment (by sketching uto-
pian and dystopian scenarios).

 b) Reflecting on the nature of the problem that serves as the basis for a project (by asking: 
Is this solution the means or the goal?).
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 c) Reflecting on the necessity of using specific data-driven or technological solutions and 
exploring alternative options (by asking: What problem(s) does this solution solve? What 
problem(s) doesn’t it solve? What new problem(s) does it create?).

Reflection tools

Ethical reflection tools can provide further guidelines and resources to help identify and mitigate 
potential ethical issues that may arise. Although the ETHOS model can function as one such 
reflection tool, others have been developed which may offer additional resources and guidance. 
They adopt a variety of formats, that we broadly classify as: (1) ethics-by-design tools, (2) process 
tools, and (3) ethical impact assessments. What they all have in common is that they offer a way 
to start ruminating on a project in a structured way. They can help individuals in computing make 
more informed decisions, consider how to address ethical issues in their projects, and weigh the 
potential benefits and harms of different options. Some tools that may be helpful to consider are:

• The Data Ethics Canvas2 is a reflection tool created to help identify and manage ethical 
issues in the DLC. Designed for project-wide use, it poses predefined questions to provide 
an overview of problems encountered in data-based projects. It can help acquaint students 
with using ethical tools. Alongside the canvas (i.e., matrix), the tool offers a comprehensive 
user guide that promotes using the tool for enhanced project planning and encourages a 
human-centered perspective towards the design from the project’s outset.

• Consequence scanning3 involves a set of activities that can be incorporated into the SDLC, to 
examine the potential impact on people and/or society. It consists of a manual, printed head-
ings, a proposed structure to follow, and two sets of prompts focused on consequence and 
context. It provides opportunities for software teams to have conversations about the potential 
implications of what they have built, what they will build, and how they can mitigate potential 
harms before they happen. It can also help students cultivate awareness of ethical and societal 
problems arising when one fails to reflect on potential consequences of their designs.

• The Data Ethics Decision Aid (DEDA)4 is a toolkit designed to be used by teams involved in 
data-based projects. With a worksheet designed like a board game and with a questionnaire 
and handbook, the DEDA offers an interactive experience. Using the DEDA is a structured 
process in which each team member has their place, with the worksheet serving as the 
foundation of a conversational session. Applying the DEDA in educational settings can help 
students gain experience with identifying values and value conflicts, and approaching soft-
ware products using an ethics-by-design approach, while also learning to work as a team.

• The Ethical OS Toolkit5 serves as a guide for predicting the future consequences of current 
technology. It aims to encourage various stakeholders involved in its creation, dissemina-
tion, and use to foresee potential issues. The tool includes 14 scenarios to start conver-
sations, a risk mitigation manual, and a checklist for considering ethical questions and 
issues. Educators can use the toolkit in computing or design courses in multiple ways, for 
example,having students read about the proposed ‘Risk Zones’ and tasking them with col-
lecting examples in the real world.

Case studies

Using case studies to promote ethical thinking

As educators, facilitating critical thinking via case studies can help students understand moral 
issues in real-world situations and prompt them to connect ethics to their practice. Analyzing case 
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studies can stimulate ethical awareness and a sense of personal and professional responsibility. 
Such activity can help students explore the values and interests of the various actors (Lim et al., 
2011). Working with case studies can serve as problem-based learning, which may aid decision-
making (Chowdhury, 2018) and improve critical thinking. By pairing reflection tools with the 
cases, teachers can provide students with further opportunities to internalize concepts and meta-
cognition (Begley & Stefkovich, 2007). For specific advice on facilitating this type of discussion/
activity, please see Chapter 20.

We note that ‘flipped classrooms’ can provide a viable alternative for educators concerned 
about finding time to integrate case studies into existing lessons. ‘Flipped classrooms’ is an 
instructional approach where traditional teaching methods are reversed, with students learning 
new material independently (outside of class) and engaging in activities, discussions, or case stud-
ies during class time. This approach can ensure material is covered while enhancing engagement 
and academic outcomes (Fuchs, 2021). Moreover, providing students with guidance as they solve 
problems (such as those described through hypothetical scenarios) can be aided via interactions 
with peers and/or instructors (Herreid & Schiller, 2013).

We now showcase three case studies to provide educators with possible starting points to 
engage students on topics related to current ethical concerns in software engineering. These case 
studies are hypothetical but are based on real-world examples. Although there are many ways to 
incorporate these cases into lessons, we encourage instructors to consider having ethical conversa-
tions (using the conversational methods described in the previous section) and providing students 
with reflection tools to tackle ethical issues arising from these scenarios. Alternatively, each could 
be integrated into small-group role-play (for more on that, see Chapter 20).

Case study 1: Algorithmic bias – fairness

Scenario

You head the Responsible AI division at SynGenAI, a software company based in Silicon Valley. 
SynGenAI is steadily gaining attention because it recently released Talk8ive, a free-to-access 
general-purpose chatbot that tries to answer users when they pose questions. Talk8ive is built on 
a large language model (LLM), a machine learning algorithm that can recognize, predict, and/or 
generate text based on large datasets of content, primarily text that the algorithm is fed as input 
training data. Talk8ive was released with much fanfare but within hours of its release, a number of 
users started flagging the chatbot for the content it was generating. Since Talk8ive is designed to 
answer any kind of question, all types of queries are treated the same way. Therefore, while que-
ries with more deterministic responses (coding-related) generate less disputable answers, queries 
about predicting social outcomes (recidivism) produce untrue and racially biased responses. The 
behaviors displayed by the chatbot are attracting a lot of negative attention to the product and the 
company, and there are calls to revoke free access to the bot.

Discussion prompts:

 1. Did SynGenAI make the right decision to release Talk8ive? Why were the issues not flagged 
in the development stage itself?

 2. Should the chatbot have been created to address all kinds of queries in the same manner? 
How did the algorithmic bias enter into the generated context?

 3. As head of the Responsible AI division, how do you prioritize your responsibilities to the 
company, to the public, and to your team? What course of action should you adopt?
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Context:
Generative AI media, such as OpenAI’s DALL-E or DALL·E26 and Speechify,7 have gained 

popularity due to their ability to create realistic digital images or clone voices using machine learn-
ing algorithms (Chen & Lin, 2023; Pavlik, 2023). These algorithms are trained on vast amounts 
of data, allowing them to produce content that can be difficult to distinguish from human-created 
content. ChatGPT, developed by OpenAI, is one such example of a chatbot derived from the 
generative pretrained transformer (GPT) (Rudolph et al., 2023), that utilizes LLMs to generate 
responses in a conversational manner. Generative AI tools can be classified into three based on the 
kind of tasks they perform (Narayanan, 2019):

 1. Perception tasks involve interpreting sensory data, such as images, audio, or text, to extract 
meaningful information.

 2. Judgment automation involves making decisions or providing recommendations based on 
data analysis and predefined criteria.

 3. Social outcome prediction involves predicting future events or results based on historical 
data and patterns.

An over-reliance and belief in generative AI’s ability to solve problems can lead to complacency 
and additional problems. Although generative AI may positively contribute to society, it has limi-
tations, because the underlying algorithms may be trained on datasets that reflect societal biases. 
If ignored, AI systems can ‘learn’ in ways that amplify incorrect points or replicate discriminatory 
patterns. For example, in areas such as hiring or loan approval, AI algorithms can reinforce exist-
ing prejudices and disadvantage certain groups, perpetuating social inequities rather than address-
ing them (Su & Yang, 2023). Broadly speaking, algorithmic bias can result in the following types 
of problems:

 1. Misrepresentation of minoritized communities: Minoritized individuals in the tech indus-
try often lack the influence to shape software development and data usage. Consequently, 
content related to these groups tends to be biased and reflective of societal stereotypes or 
exclusionary practices.

 2. Misinformation: The presence of pseudoscientific content in the training data may result in 
its regurgitation by the AI when presented to users. Misinformation is compounded by auto-
mation bias because humans tend to trust the confident tone of interactive AI like chatbots.

 3. Automation and intellectual property theft: Generative AI platforms are affecting the occu-
pations of artists and journalists, whose occupations are being automated by large corpora-
tions because it is cited as being cheaper. Often, these automated generations neglect factors 
such as copyright or licensing in their training data – and effectively commit digital theft.

Educators can discuss algorithmic accountability using the ETHOS model to raise awareness 
of the ethical implications of creating and using AI. By ensuring that data sources are properly 
curated, algorithms are tested rigorously, and AI-generated outcomes are accounted for by devel-
opers, students will learn to develop a practice of developing ethical AI systems. Educators can 
use this case study in the classroom by integrating the dialogue approaches and reflection tools 
mentioned earlier. For example, moral case deliberation could be used to discuss algorithmic 
bias. Issues with unwanted output are a common problem with chatbots but often only seem to 
become apparent following release. Accordingly, we suggest holding a moral case deliberation 
on the question: Should SynGenAI take Talk8ive offline completely? We also suggest using the 
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consequence scanning tool in combination with this case study to encourage reflecting on more 
careful implementation. The main ethical issues in this case revolve around the (unforeseen or 
unintended) consequences of generative AI.

Case study 2: User interface design – empowerment

Scenario

Your current phone is falling apart – it is running out of storage, it has fallen to the ground multiple 
times – and as a result, it runs very slowly. So, you decide to buy a new phone. Although you do 
not have a clear idea of what phone you want to purchase, you do have a set budget. By querying 
a search engine, you find a list of shopping websites selling phones within your target range. You 
browse some of these websites, looking up different phones and their specifications. After some 
time, you pick a phone offered at a 30% discount. You read the reviews and are satisfied with the 
performance and other aspects of the phone. You decide to wait a few days to buy it since there is 
no real sense of urgency to purchase it immediately. However, as you try to navigate away from 
this page, you encounter a pop-up message, with a limited time offer for an additional 10% dis-
count that is valid only until the end of the day. A countdown timer is also shown, ticking down on 
the hours left to buy the phone at this price. Since this seems like a good deal – and you do not want 
to regret buying it later at a higher price – you add it to your shopping cart. As you check out, you 
look at the final price and realize that the total is much higher than what was shown earlier. Upon 
closer inspection, you find that the final breakdown includes a screen guard and a one-year phone 
protection plan that you did not intend to purchase, and did not add yourself.

Discussion prompts:

 1. How does this experience make you, as a user, feel? What specific design aspects of the 
shopping website contributed to this feeling?

 2. How does using interface design like those mentioned above affect your ability (as a user) 
to make a well-informed, autonomous choice?

 3. Do you note any ethical issues in how the shopping experience has been designed? If so, 
what are they and what would your feedback be for the user-interface designer?

 4. What might the different motivations be that govern the design choices for the website user 
interface? How might web designers redesign the interface to improve the user experience 
while addressing potential ethical issues?

Context:
The scenario describes a not-uncommon shopping experience. Many users encounter similar 

situations where choices and decisions are manipulated during their interactions with a given web-
site. Moreover, these types of manipulation are not restricted to e-commerce. Companies have tried 
to force certain actions on users engaged in unrelated pursuits. For example, at one point, users 
were automatically opted into eBay’s marketing emails when they signed in with their Google 
accounts.8 Some companies design their user interfaces to make it difficult to perform certain 
actions, particularly those that can harm the company’s revenue. For example, users from Europe 
have complained about Amazon’s confusing cancellation process regarding Prime service, which 
tries to distract users by issuing several warnings to deter them from canceling their subscription.

Some designers use knowledge of human behavior to implement deceptive functionality that 
is not in the user’s best interest (Gray et al., 2018) to manipulate them (Haselton et al., 2015). The 
design interfaces and choices described in the scenarios mentioned above are commonly known 
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as ‘dark patterns’ (also known as ‘deceptive designs’). Dark patterns are user interface design 
choices that nudge, manipulate, or deceive users into making unintended and potentially harmful 
decisions while using an online service (Mathur et al., 2019). The key issue in the above scenarios 
is that these services may sacrifice providing users with a positive experience for achieving the 
company’s business goals. Dark patterns are asymmetric (i.e., available choices are presented dif-
ferently to users), covert (i.e., the effect of the design choice is hidden from users), deceptive (i.e., 
they portray a misleading/false belief); and restrictive (i.e., they hide, obscure, or delay presenta-
tion of information from users) (Mathur et al., 2019). Tactics of dark patterns include sneaking 
(i.e., concealing or delaying information users might object to if overtly displayed), creating false 
urgency, misdirecting (i.e., using words or visuals to steer users), providing false ‘social proof’ 
(i.e., displaying fictitious user experiences to coerce a purchase), implying scarcity (i.e., falsely 
indicating product unavailability), causing obstruction (i.e., making it hard for users to exit situa-
tions), and forcing action (i.e., requiring tasks unrelated to current activities) (Mathur et al., 2019). 
Concerning the ETHOS model, such dark patterns can be associated with both the SDLC and the 
DLC, especially those regarding the design and development of software systems. Moreover, data 
from user interactions can be applied to design dark patterns, violating the professional and ethical 
codes of conduct that necessitate considering the well-being of the software’s end-users.

Considering the prevalence of dark patterns, students are likely to have encountered such sce-
narios online. Hence, drawing from students’ experiences can be an excellent way to introduce the 
ethics involved in user interface design. Instructors can describe examples of deceptive designs 
and ask students to classify designs into different categories. Researchers have suggested that 
interventions such as ‘spot the dark pattern’ and ‘design bright patterns’ can help create awareness 
regarding design patterns (Bongard-Blanchy et al., 2021) and hence can be used in classrooms. 
Instructors can also leverage software engineering projects to help students think of and design 
ethical user interfaces. Using dialogical approaches, such as the Socratic dialogue technique with 
a prompt like What is autonomy? can bring out diverse issues surrounding ethical user interfaces. 
DEDA can also be used as a reflection tool. Students can identify conflicting values between (a) 
companies that use dark patterns and (b) users confronted with dark-pattern user interfaces. As the 
DEDA encourages identifying (conflicting) values and actors, it can prompt helpful reflection on 
the implementation of dark patterns.

Although creating awareness of deceptive patterns is needed, a more crucial goal for educators 
is to help students integrate ethical reasoning into all aspects of the user interface design process. 
Elements of the ETHOS model, such as ethical awareness and accountability can prepare students 
to engage in critical debate about where to draw the line, based on the company’s values and their 
own sense of ethics. Students should realize the power that user interfaces have over people’s 
behavior and online interactions, and the social responsibility they as software designers have 
towards developing ethical user interfaces.

Case study 3: Privacy and surveillance – security

Scenario

You are a machine learning engineer in the computer vision department at Protos. This tech com-
pany manufactures virtual reality (VR) headsets and a social media space called Protospace for VR 
users’ avatars to meet for work and entertainment. To enhance the experience, Protos has developed 
a headset called VISOR with inward-oriented cameras to obtain real-time information about users’ 
gaze and non-verbal facial expressions. In addition, external, outward-oriented cameras emulate 
users’ physical body movements in the virtual world. Protos states these sensors allow for deploying 
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customized, photo-realistic avatars and adaptive content based on the users’ motion and reactions. 
Users must accept Protos’ terms to use VISOR. Critics of the company are skeptical about this 
justification – they believe that Protos will store and apply the data captured by the sensors as train-
ing for future projects. Moreover, the purported immersive nature of Protospace will grant Protos 
access to users’ behavioral patterns, which can then be monetized by manipulating advertising and/
or selling the data to third-party enterprises. Furthermore, there are growing concerns about the 
potential use of such a technology by autocratic governments that seek to surveil their citizens to 
quell civic unrest, repress all forms of opposition, and establish political dominance.

Discussion prompts:

 1. What are the potential risks of collecting this type of sensitive data from users? What meas-
ures can be taken to mitigate these risks?

 2. What should be included as part of the informed consent terms? Are there other ways to help 
users recognize what they are agreeing to? How can users be made aware of future uses of 
the data collected?

 3. As a machine learning engineer whose work involves processing the data gathered by the 
cameras, how could you improve the design’s privacy and/or security?

Context:
Ongoing attempts to improve facial recognition, non-verbal expressions, and gestures have 

resulted in data collection beyond what users have agreed upon or consented to. The example sce-
nario mirrors real-life concerns around Meta’s Quest Pro, a device collecting multi-dimensional 
data (Johnson, 2022). Although the technology was described as valuable for deploying custom-
ized, photo-realistic avatars, concerns arose around the detailed information collected about indi-
viduals and how it might subsequently be used for surveillance or otherwise infringe upon their 
privacy. Furthermore, Meta’s privacy policy was vague regarding how the data would be used and 
shared with outside services.

Despite multiple calls to regulate the collection, storage, and application of user data, it appears 
that companies frequently collect more data than necessary. Personal information, preferences, 
and behaviors are often captured without explicit consent, leading to a loss of control over one’s 
own data. This can result in unintended consequences for privacy, such as data breaches, identity 
theft, or the misuse of sensitive information. Scholars have highlighted the need for enhanced 
consideration of the interactions between technology and the law (Bernes, 2022). They have 
encouraged those involved to consider the purposes, implications, and uses of data collected; the 
transparency of tools developed; and ways to limit what is gathered, recorded, and disseminated 
for purposes more strictly aligned with goals. The European Union’s General Data Protection 
Regulation (GDPR) has specific guidelines on this that students should be made aware of; readers 
are encouraged to see Chapter 13 on law in engineering ethics education.

There are several approaches educators can take to deliver lessons on privacy and security. 
For instance, they can introduce concepts, such as the benefits of sharing; privacy protection and 
perceptions; codes of conduct; cryptographic protocols; and international laws and regulations. 
The ETHOS model could help align discussion around design, deployment, development and 
documentation, or maintenance or monitoring when referencing components of the SDLC. The 
scenario above can also fit into discussions about the DLC throughout its phases. Concrete exam-
ples and discussion scenarios can raise awareness of possible issues and promote the need for 
greater accountability. For example, students could be asked to consider the trade-offs of retail 
loyalty cards, which can offer discounts but may also track shoppers’ habits and sell data to third 
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parties. Another example could be related to concerns regarding healthcare and genetic mapping 
and/or ancestry websites. By spanning multiple fields and topics, for example, from electronic 
payment systems to educational records, instructors can help illustrate the necessity of awareness, 
protection, and action to rectify issues.

Instructors can use dialogical approaches such as Socratic dialogue and scenario thinking in 
conjunction with this case study. For the Socratic dialogue, we suggest evaluating the concept of 
‘privacy by design’ as a realistic development approach. For scenario thinking, imagining idealis-
tic and problematic scenarios for collecting sensitive user data may shed light on data ethics and 
values. The Data Ethics Canvas can be an appropriate reflection tool introduced along with this 
case study. One of the central issues here is the collection and use of personal user-data to further 
the business interests of the company doing the collection. By utilizing the Data Ethics Canvas, 
students can engage with questions that address multiple facets of this case, including the legal 
implications of collecting and utilizing data on this scale; they can reflect on reasons for using this 
data and the need for transparency.

Conclusions

As technology evolves, so do concepts and definitions; engineering educators must continually update 
the definitions, pedagogical content, and activities we use. Although today’s society is increasingly 
recognizing the urgent need to address ethical issues and the need for responsible software develop-
ment, this recognition brings its own problems – problems that have an impact beyond the classroom. 
We face the very real danger of ‘ethics’ becoming a buzzword and another trend to be monetized by 
companies (the way corporate ‘greenwashing’ undermines sustainability initiatives, see Chapter 6). 
Ready-made courses or tools that seem able to solve our ethical issues rather than focus on impart-
ing awareness and ethical thinking could exacerbate that potential problem. A criticism that has been 
raised regarding the Sustainable Development Goals (SDGs), which some organizations tout with-
out achieving results in specific target areas, as mentioned in Chapter 6. Another possible concern 
involves the increasing reliance on tools; while ethics assessment tools can be very helpful in guiding 
conversations and steering us toward relevant questions, they can be used in more nefarious ways. 
They may be used to help companies identify or define what is easiest or cheapest rather than what 
is morally desirable (and desirability can also vary depending on who is asked). Using ethics assess-
ment tools could devolve into merely another box-ticking exercise, rather than being used to prompt 
software developers to reflect on the possible implications of their decisions and the products they 
help create. Ongoing efforts must thus be made to provide meaningful examples, to articulate where 
potential issues may arise, and to help students make relevant and meaningful connections – to help 
ensure future generations of engineering practitioners are committed to ethical principles and that 
software engineers develop products and manage issues as equitably and justly as possible.

Notes
1 https://gdpr .eu /data -protection -impact -assessment -template/
2 https://www .theodi .org /article /the -data -ethics -canvas -2021/
3 https://www .tech -transformed .com /product -development/
4 https://dataschool .nl /en /deda/
5 https://oecd -opsi .org /toolkits /ethical -os -toolkit/
6 https://openai .com /dall -e-2
7 https://speechify .com/
8 https://twitter .com /darkpatterns /status /1470399874147438594

https://gdpr.eu/data-protection-impact-assessment-template/
https://www.theodi.org/article/the-data-ethics-canvas-2021/
https://www.tech-transformed.com/product-development/
https://dataschool.nl/en/deda/
https://oecd-opsi.org/toolkits/ethical-os-toolkit/
https://openai.com/dall-e-2
https://speechify.com/
https://twitter.com/darkpatterns/status/1470399874147438594
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Engineering ethics education has undergone significant evolution over the past half-century. This 
evolution has included the deepening of methods such as case studies, proposed by pioneering 
handbooks on engineering ethics education and scholarly works in the field (see Harris et al., 1995; 
Herkert, 2005; Martin & Schinzinger, 1983; Whitbeck, 1995), alongside the emergence of inno-
vative approaches that integrate arts and real-life partners into the classroom. Engineering ethics 
teaching today benefits from the groundwork laid by esteemed predecessors such as Charles Harris 
Jr., Michael Pritchard, Michael J. Rabins, Elaine Englehardt, Caroline Whitbeck, Vivien Weil, 
Michael Loui, Joe Herkert, Carl Mitcham, Michael Davis, Mike Martin, Ronald Schinzinger, and 
numerous other scholars and educators. This section provides a state-of-the-art perspective of 
diverse approaches to teaching ethics, aiming to inspire educators to enrich and expand these 
methods further. We take pride in inviting our readers to contemplate how ethics can be integrated 
into teaching, whether as a standalone subject or seamlessly woven throughout the curriculum.

Six of the seven chapters in this section offer detailed insights into specific methods utilized 
in contemporary engineering ethics education (EEE), while the opening chapter provides a com-
prehensive overview to contextualize these approaches within the literature. It is essential to rec-
ognize that the teaching methods discussed are not isolated entities with rigid boundaries; rather, 
they often intersect and complement each other. Educators exploring the applicability of EEE 
methods may find that multiple approaches described by our authors hold relevance. Indeed, there 
are many overlapping themes. Our goal in featuring these various teaching methodologies – case 
studies, problem-based learning, value-sensitive design, service learning, humanitarian engineer-
ing, arts-based methods, and reflective and dialogical approaches – is to equip educators with 
frameworks for conceptualizing how to effectively engage students in meaningful and memorable 
ethics education.

Chapter topics

The section opens with Chapter 19, ‘Literature Review of Teaching Methods: Trends and Ways 
Forward to Support Engineering Ethics Instruction,’ by Madeline Polmear, Tom Børsen, Heather 
A. Love, and Amir Hedayati. The chapter consolidates existing research on traditional and emerg-
ing teaching methodologies, crafting a heuristic framework to assist educators in selecting an 
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approach that aligns with their instructional goals and underlying principles. The authors map the 
landscape of engineering ethics teaching – describing classic approaches and identifying emerging 
ones. Noting the traditional dominance of case studies and coverage of ethics codes, they highlight 
more novel ways to teach ethics – like student-developed activities, co-curricular activities, role-
plays, and gamification. They consider how engineering ethics can be taught in person and online. 
Additionally, to aid teachers, the alignment among objectives, underlying assumptions, teaching 
methods, and assessment strategies is emphasized to facilitate effective instruction. The chap-
ter identifies future research opportunities for researchers, particularly focusing on non-cognitive 
aspects, behavioral ethics, student needs, and robust assessment methods for evaluating interven-
tions and outcomes.

Case studies typically share three characteristics: they depict real or hypothetical scenarios 
requiring decision-making, include relevant contextual and technical details, and prompt learners 
to engage with diverse perspectives. The second chapter, Chapter 20 on ‘Teaching Ethics Using 
Case Studies’ by Christian Herzog, Aditya Johri, and Roland Tormey, presents a balanced discus-
sion, providing both supporting and opposing arguments for employing case studies in ethics 
instruction. The chapter expands on Polmear et al.’s recognition of case studies as a predominant 
approach in teaching engineering ethics by systematically evaluating their purpose, pedagogical 
outcomes, and integration within the course or curriculum. The authors explore the literature spe-
cific to case studies in EEE. They emphasize the effectiveness of case studies for exploring ethical 
dilemmas, contextualizing situations, and providing detailed technical specifications. They point 
readers toward existing repositories of engineering ethics case studies, organizing them based on 
thematic categories, types, and depth of exposition.

Herzog, Johri, and Tormey distinguish “highly complex and highly indeterminate case stud-
ies” from “simpler vignettes with less veracity” and note that combining case studies with other 
methods can provide a robust approach. They deem case-based engineering ethics education to be 
highly beneficial because it directs attention to the intricate details influencing ethical assessments 
and encourages a methodical and ideally participative approach to analyzing complex situations. 
Role-playing activities, the authors explain, can enhance students’ ability to consider different 
viewpoints. Including emotional content is highlighted as a way to convey the complexities of 
engineering decision-making and foster empathy among students toward stakeholders. In present-
ing a nuanced perspective, Herzog, Johri, and Tormey emphasize that the objective of engineering 
ethics education is not to transform “engineering students into ethicists” but to equip them with 
the skills to communicate effectively about “moral hazards and the values” inherent in their work. 
They underscore the importance of fostering the ability to openly debate and reflect on one’s ethi-
cal agency, allowing for potential challenges or support.

In Chapter 21, titled ‘Embedded Ethics in Problem Design: The Case of Problem-based 
Learning in Engineering and Science,’ Henrik Work Routhe, Jette Egelund Holgaard, and Anette 
Kolmos underscore the significance of integrating sociotechnical content into educational set-
tings through real-life projects. Within problem- and project-based learning (PBL) frameworks, 
students engage with authentic problems, which necessitates identifying, characterizing, analyz-
ing, and formulating solutions. Ethical considerations may arise as students reflect on the contexts 
and stakeholders involved. The chapter probes the intricacies of ethics integration within a PBL 
environment, exploring various theoretical aspects such as the problem design process, the types 
of problems encountered, and their relationship to engineering ethics.

Additionally, the authors examine the Intended Learning Outcomes outlined in study regu-
lations for engineering and science programs, aiming to pinpoint factors that facilitate ethical 
engagement. They reveal that although ethics topics are ingrained within PBL curricula, they are 
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often implicit rather than explicit. The authors raise concerns regarding the effectiveness of this 
approach, questioning whether students fully grasp the ethical dimensions of their work or can 
apply ethical theories to practical scenarios. The chapter critically assesses PBL dimensions, offer-
ing insights into how these learning environments can subtly incorporate ethics. Moreover, it pro-
vides practical recommendations for educators, outlining steps to design problems and identify 
factors that promote ethical considerations within a PBL framework.

In Chapter 22, titled ‘Teaching Responsible Engineering and Design through Value-Sensitive 
Design,’ Andrea R. Gammon, Annuska Zolyomi, Richmond Y. Wong, Eva Eriksson, Camilla 
Gyldendahl Jensen, and Rikke Toft Nørgård explore value-sensitive design (VSD) as a pedagogi-
cal approach for instilling ethics in engineering education. VSD and other values-centered design 
methodologies explicitly acknowledge the significance of values (such as privacy, dignity, and 
sustainability) in the context of technological development. The chapter combines the theory 
behind VSD with practical examples and recommendations that will be extremely useful for those 
who may be intimidated to integrate values systematically in their teaching. The chapter intro-
duces the key ideas before providing guidance on how to teach VSD via conceptual, technical, 
and empirical investigations, as well as strategies for assessing it. The authors introduce readers to 
various instructional activities, including stakeholder analysis, value hierarchies, and envisioning 
cards, providing opportunities for further exploration through additional resources such as recom-
mended readings or access to the Value Sensitive Design in Higher Education (VASE) program. 
Additionally, the authors discuss extensions of VSD that address issues of power dynamics, cul-
tural norms, and multicultural perspectives, broadening the scope of ethical considerations within 
engineering and design education. This chapter synergizes well with Chapter 12, on ‘Ethics and 
Engineering Design Foundations’ by Bairaktarova, Wint, and Nweke.

The next chapter, Chapter 23 on ‘Ethics in Service-Learning and Humanitarian Engineering 
Education’ by Scott Daniel, Adetoun Yeaman, and William (Bill) Oakes, continues the focus on 
real-life learning environments, this time via humanitarian and service learning. Humanitarian 
engineering involves engineering practices aimed at improving the well-being of underserved 
populations or collaborating with vulnerable communities and individuals. It spans a wide range 
of activities, from assistive technologies to disaster relief and peace-building efforts, across sec-
tors such as water, sanitation, energy, and health. Service-learning is an educational approach 
where students participate in organized service activities that address community needs, reflect 
on their experiences, and gain a deeper understanding of course content and civic responsibility.

Daniel, Yeaman, and Oakes share their experiences developing humanitarian and service-ori-
ented courses and programs. For the author team, this way of teaching ethics starts by challenging 
Western assumptions of what counts as knowledge and what it means to be an engineer. The chap-
ter discusses the types of deliverables developed in such programs, the process of becoming more 
reciprocal and involving partners in more meaningful ways, and the growing focus on connecting 
the engagement activities more explicitly with ‘ethics.’ This should include intentional preparation 
before students engage with communities, introduction to ethics frameworks applicable within the 
context of the community and the needs being addressed, and the inclusion of dedicated periods of 
reflection at multiple points (beginning, during, and after the program).

The authors note the need for further research on how humanitarian and service-oriented pro-
grams influence students’ engineering skills and ethical development and benefit participating 
communities and to identify or refine instruments for assessing development. They suggest that 
educators have ample opportunities to involve students in local and global projects to explore ethi-
cal dilemmas and foster ethical decision-making, yet they stress the importance of acknowledging 
power dynamics and advocating for sustained engagement and relationship cultivation.
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In Chapter 24, titled ‘Arts-Based Methods in Engineering Ethics Education,’ Sarah Jayne Hitt, 
David D. Gillette, and Lauren E. Shumaker explore intersections between arts and engineering, 
particularly within educational contexts. They differentiate arts-based content (which encom-
passes artistic artifacts such as literary texts, film, music, visual arts, poetry, dance, and theatre) 
from arts-based methods (i.e., the creative problem-solving processes involved in generating aes-
thetic objects, environments, or experiences that can be shared with others). Arts-based methods 
include pedagogical approaches like Socratic-style seminar discussions, creative writing exer-
cises, visual depictions, and role-play scenarios. The authors stress the effectiveness of integrat-
ing arts-based methods into engineering ethics education, highlighting their potential to enhance 
learning outcomes and engage students more deeply with ethical issues. 

The authors further explore the perceived division between arts and humanities and the tech-
nical sciences within academia, noting successful examples of integration in disciplines such as 
business and medicine, as well as specific engineering programs like those at the Colorado School 
of Mines and California Polytechnic State University. They acknowledge the challenges associ-
ated with introducing arts-based activities into traditional engineering courses, emphasizing the 
importance of careful integration to avoid student resistance. Moreover, the chapter argues that 
incorporating arts into engineering education can foster a comprehensive understanding of system 
interactions and address shortcomings in engineering education, particularly in parts of the world 
that do not use a liberal arts or common core strategy to underpin students’ broader education.

The goal of advocating for arts-based methods in engineering ethics education is to provide 
students with additional problem-solving tools and perspectives (as opposed to transforming 
them into artists). By occasionally prompting students to think from the viewpoint of artists 
while maintaining their identity as engineers, educators can facilitate deeper self-reflection and 
help students recognize the intrinsic connections between their professional roles and their per-
sonal identities. This approach underscores the transformative potential of integrating arts into 
engineering ethics instruction, catalyzing holistic development and ethical engagement among 
engineering students.

In Chapter 25, ‘Reflective and Dialogical Approaches in Engineering Ethics Education,’ 
authors Lavinia Marin, Yousef Jalali, Alexandra Morrison, and Cristina Voinea underscore the 
significance of reflection and dialogue in engineering ethics instruction. Drawing on Dewey’s 
insights, the authors outline four key criteria for reflection: deriving meaning, systematic and 
disciplined thinking, communal interaction, and attitudes valuing personal and intellectual devel-
opment. They delineate four levels of reflection: reporting/responding, relating, reasoning, and 
reconstructing, and suggest explicit prompts for ethical reflection by teachers. The authors advo-
cate for using individual and collective contemplation methods, incorporating spoken communi-
cation alongside silent and written individual thinking (which the authors define as dialogical and 
monological reflection), to deepen students’ understanding, enhance problem-solving abilities, 
and foster ethical growth. These techniques can be implemented synchronously and/or asynchro-
nously.

Furthermore, Marin, Jalali, Morrison, and Voinea highlight the parallels between reflection 
and moral deliberation, emphasizing their shared elements of engaging with ethical dilemmas and 
considering potential actions. They propose that in education, reflection should not aim to yield 
definitive answers but rather encourage students to confront ambiguity and embrace complex-
ity, thereby becoming more comfortable with uncertainty. Building upon the phenomenological 
tradition, reflection is portrayed as a dialogical and mediated encounter with various perspec-
tives, aiding students in becoming aware of their experiences and situating themselves within their 
phenomenal world. The authors conclude by providing practical recommendations for educators 
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about fostering ethical reflection within classrooms, emphasizing the role of reflection in nurturing 
students’ ethical awareness and critical thinking skills.

Trends and implications

This section adopts a pragmatic approach compared to the earlier philosophical discussions, high-
lighting the ongoing potential for advancement and growth in EEE. A recurring theme in many 
chapters is the significance of reflection and exploring new perspectives to enrich engineering 
thinking and to connect ethics with everyday engineering practices. Case studies and emotions 
emerge in several chapters, and ways of engaging students in applying, internalizing, and making 
new meanings are evident throughout the section. Creating artifacts – essays, artworks, journals, 
community designs, or humanitarian proposals – as an outcome or deliverable of the teaching 
methods used constitutes another theme.

Engineering ethics education is global and local – necessitating cross-cultural understanding 
and collaboration. We encourage educators to consider diverse cultural perspectives and contexts 
in their teaching methods to foster an engineering community that is inclusive and globally aware. 
We highlight the value of community engagement in EEE and encourage educators to involve 
industry professionals, community stakeholders, and other relevant parties in teaching to provide 
students with real-world insights and experiences. We encourage educators to provide students 
with the tools and skills to address real-world ethical dilemmas effectively. We acknowledge that 
engineering ethics education prepares students for ethical and sociotechnical decision-making and 
equips them to navigate the ethical complexities they may encounter in their professional careers. 
Teaching inspired by real-world elements and features of professional practice may help cultivate 
students’ abilities in nuanced decision-making and awareness of the complexities (brought by plu-
ralist values and multi-stakeholder relations) that play a role in decision-making in the engineering 
profession.

The chapters of this section highlight the importance of adaptability and flexibility in teach-
ing methods, acknowledging that the landscape of engineering ethics education is continuously 
evolving. The editors and authors encourage educators to remain open to exploring and incor-
porating innovative approaches to address emerging challenges and opportunities. We stress 
the importance of continuous improvement and evaluation in teaching methods. Participation 
in engineering ethics special interest groups, conferences, or workshops dedicated to different 
teaching methods provides an excellent opportunity for educators to discover novel teaching 
methods or more creative approaches to the methods already used. We also encourage educators 
to solicit feedback from students and colleagues, reflect on their teaching practices, adjust these 
based on feedback, and enhance the effectiveness of their pedagogical approaches. This may 
mean finding allies across different institutional departments representing varied disciplines – 
with the aim of connecting the teaching methods used with emerging disciplinary topics of high 
importance – as well as collaborating with educational researchers to examine the effectiveness 
of such innovations and experimentations using the classroom as a research site for collecting 
pedagogical data.

Overall, the chapters of this section provide practical advice to help teachers implement new 
methods – methods that may be beyond their own experience or training yet nonetheless valuable 
to try. The detailed guidance provided by the authors of Chapters 19–25 should prove valuable, 
but reaching out to others to gain first-hand exposure and experience delivering these methods is 
also essential. Team teaching, fellowships, and student and faculty/staff exchanges can be helpful 
for building capacity and developing skills and fluency.
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Positionality

As editor of the section on teaching methods, Diana Martin strived to ensure a collaborative and 
dialogical process between the chapter authors. This meant brainstorming the author composi-
tion of the chapter teams to reflect diversity, inclusivity, and expertise (either established or in the 
course of development), as well as several hours spent in meetings bringing together author leads 
to discuss the plans for each chapter and share feedback with each other at the pre-draft stage. 
It has not been the easiest or least time-consuming approach for Diana or the authors. Still, she 
believes it aligns with her positionality as a member of the engineering education community. In 
this community, her main aim is to see its members building each other up rather than competing, 
and while doing so, also developing the discipline of engineering ethics education more broadly. 
She is glad to call many of the authors friends now and to see friendships developing throughout 
the collaborations of this handbook. The key values that drove her editorial approach are collabo-
ration, inclusivity, fair play, ensuring fair acknowledgment of effort, and the ambition to continue 
to learn and develop the field further. These values are tremendously important given her back-
ground. Having been born during communism in Romania and growing up during the transition 
years to a post-Communist society (democratic, yet not really so; embracing Western values, yet 
not really embraced by the West), Diana is not a stranger to the broad range of socio-economic 
challenges that can shape negatively someone’s professional opportunities and output. She attrib-
utes much of her overall success to her mother’s efforts, as well as the support, kindness, trust, and 
opportunities provided by mentors, some of whom may not even recognize themselves as such 
or fully grasp the impact they’ve had. Her goal now is to open up possibilities for others and also 
oppose gatekeeping practices that may originate from hierarchical and elitist stances or as displays 
of power and privilege linked with any demographic characteristics. This concern was present at 
many points during the editing of this section and was also raised in the editorial process of the 
handbook, where she felt lucky to be part of a team sharing similar values.

Conclusions from the editor of this section

Diana thanks you for reading the contributions in this section, saying it has been an immense honor 
to bring together such fantastic authors at different levels of their careers and from different parts 
of the world to reflect on what it means to teach ethics ethically and as part of an international com-
munity of educators and researchers. Through the synergies of the diverse author teams reflecting 
on the methods to teach engineering ethics, Diana hopes the section will inspire educators and 
researchers alike to collaborate rather than compete in these endeavors of further developing the 
field. The community of voices reverberating across these chapters is open and eager to welcome 
any newcomer and continue, via other events or projects, the dialogue on how to teach ethics.
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Introduction

One of the enduring conversations in engineering ethics is what should be taught and how. The 
first question regarding what should be taught is discussed in Chapters 1–18 of this handbook. This 
section, Teaching Methods in Engineering Ethics Education (Chapters 19–25), delves into how 
engineering ethics is taught. Many approaches exist and there is limited consensus around which 
are most effective and which objectives they should achieve (Hess & Fore, 2018). Furthermore, 
the literature demonstrates that engineering ethics education is marked by a lack of attention to 
alignment between learning objectives, teaching methods, and assessment strategies that calls into 
question their effective design (Keefer et al., 2014). This is, in part, due to much of the engineer-
ing ethics literature focusing on specific examples of pedagogical strategies in practice (often 
presented in short-form conference proceedings) without learning theory to ground them or meth-
odologies to evaluate them.

This chapter aims to provide a narrative literature review (Baumeister & Leary, 1997) to map 
teaching methods in engineering ethics education. This chapter does not detail the teaching methods 
because they are covered in standalone chapters within this handbook (Chapters 20–25). Instead, 
it attends to a broad view of the literature. The first part introduces and compares two ‘classic’ 
approaches, case studies and rules/codes of ethics. The literature on these teaching methods often 
focuses on their strengths and limitations (Colby & Sullivan, 2008; Conlon & Zandvoort, 2011).

In addition to these classic methods, we introduce and describe several emerging approaches 
being used to teach engineering ethics, such as student-developed activities (Alpay, 2013), role 
plays (Dempsey et al., 2017; Doorn & Kroesen; 2013; Hunger, 2013), co-curricular activities 
(Bielefeldt et al., 2020; Lee, 2021), gamification (Bekir et al., 2001; Briggle et al., 2016), and 
online education (Barak & Green, 2020). The chapter synthesizes the literature on classic and 
emerging teaching methods to develop a heuristic to guide educators in choosing a method aligned 
with their objectives and underlying assumptions.

Despite the variation in teaching methods, the literature reflects the prevalence of using case 
studies and ethics codes (Hess & Fore, 2018), which stems in part from the use of these approaches 
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in philosophy, business, and medicine, all of which have longer histories of teaching ethics in uni-
versity education. Despite the dominance of case studies and ethics codes, engineering education 
reflects a recent critical examination and a shift toward new methods. Momentum toward experi-
ential and active learning has opened new pathways for teaching engineering ethics.

Because the overall body of literature on this topic can be described as fragmented since it 
draws in large part on examples of practices in individual courses and programs, later sections of 
this chapter distill the scholarship, aiming to provide a broad-level view of the patterns that charac-
terize how engineering ethics is being taught. Such trends and gaps in the literature can illuminate 
effective practices, contextual considerations, and areas where more research is needed.

This chapter is intended to be a resource for educators and researchers. By describing classic 
and emerging teaching methods and providing examples from research, the chapter can support 
educators who are teaching ethics to engineering students (and, in particular, those who are new to 
engineering education as postgraduate students, early-career faculty members, and faculty mem-
bers who are based in technical engineering disciplines). The importance of alignment between 
objectives, underlying assumptions, teaching methods, and assessment strategies is discussed to 
aid in developing effective instruction. Finally, the chapter aims to support researchers in engineer-
ing ethics education by illuminating opportunities for future inquiry.

Learning objectives in engineering ethics education

The variation in teaching methods reflects the different courses and disciplines in which ethics is 
taught and the many objectives that ethics education is designed to achieve. A review of learning 
objectives (detailed in Chapter 1, with further discussion in Chapters 32–36 on accreditation) pro-
vides context for understanding teaching methods due to the interconnection between the two. Past 
reviews of engineering ethics education have detailed learning objectives. Davis (2006) described 
the learning outcomes of engineering ethics education as ethical sensitivity, knowledge, judgment, 
and willpower. Haws (2001) reviewed American Society of Engineering Education (ASEE) con-
ference papers from 1996 to 1999 and identified objectives of improving divergent thinking, eval-
uating outcomes from the non-engineering perspective, and learning ethics-related vocabulary. 
Herkert (2000) similarly reviewed engineering ethics education in the United States and suggested 
the importance of professional responsibility while drawing a distinction between micro- and 
macro-ethics. More recently, Hess and Fore (2018) reviewed engineering ethics interventions in 
the United States and distilled three learning goals: sensitivity or awareness; judgement, decision-
making, or imagination; and courage, confidence, or commitment. A common thread across these 
reviews is the spectrum on which the objectives fall, from being able to recognize an ethical issue 
to making an ethical decision to embodying ethical conviction. There are also broader objectives 
for engineering ethics education, such as supporting sustainable development and social responsi-
bility (Børsen Hansen, 2005), which align with global priorities for addressing cascading humani-
tarian and environmental crises (United Nations, 2022).

Narrative review approach

This chapter presents a narrative literature review, since this approach can fulfill the aim of sur-
veying the state of knowledge (Baumeister & Leary, 1997). The approach was selected because 
(1) it aligns with the chapter aim of developing an overview and integration of various teaching 
methods and (2) it complements existing, more formal systematic literature reviews (e.g., Hess & 
Fore, 2018; Martin et al., 2023). Our review focused on English language publications between 
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2010 and 2023. The decision was made to focus on contemporary scholarship, but we guide 
readers to foundational studies from before this period, such as Herkert (2000), Harris (2004), 
Haws (2001), and Colby & Sullivan (2008). The following databases and journals were searched: 
ERIC, Google Scholar, Scopus, EBSCOhost, Web of Science, Engineering Village, Journal of 
Engineering Education, European Journal of Engineering Education, Australasian Journal of 
Engineering Education, Science and Engineering Ethics, and International Journal of Ethics 
Education. Search terms broadly included ‘engineering ethics’ and ‘teaching’ and focused on the 
specific methods covered in this section (e.g., engineering ethics and case study) and snowballed 
to emergent methods (e.g., engineering ethics and games). The articles were recorded in a spread-
sheet and Zotero database and critically analyzed to identify classic teaching methods, emerging 
teaching methods, trends, and gaps. These findings were then collaboratively synthesized to distill 
considerations for educators and researchers. In addition, research team members drew on in-
progress literature review projects to identify broader trends and add nuance to the discussion of 
the evolution of engineering ethics teaching strategies.

Positionality

Our author team represents a range of national and disciplinary backgrounds, briefly summarized 
here, that influence our approach to the narrative review and our interpretation of the findings.

Madeline is an engineering education researcher and lecturer who explored educators’ teaching 
methods and perspectives related to engineering ethics through a mixed methods approach during 
her Ph.D. During a postdoctoral fellowship, she also studied macro-ethical development among civil 
and architectural engineering students. These projects and her research experience in the United 
Kingdom, Belgium, and the United States inform her qualitative and cross-cultural approach to 
understanding how ethics is taught and how curriculum can support students’ societal responsibility.

Tom holds a cross-disciplinary chemistry and philosophy degree and a Ph.D. in university 
STEM education. He is now an associate professor at Aalborg University in Denmark, where 
he does interdisciplinary research in the area between social sciences and humanities (SSH) and 
science, technology, engineering, and mathematics (STEM). Tom perceives himself as an educa-
tional activist as he strongly promotes the inclusion of ethical elements and participatory aspects 
in university STEM education.

Heather’s approach to engineering ethics education is informed by her background in interdis-
ciplinary humanities research, which bridges literary studies, cultural studies, health humanities, 
composition pedagogy (she has taught writing at several American and Canadian universities), 
and service with the IEEE’s Society on Social Implications of Technology. She is part of research 
groups that study and develop arts/humanities approaches for cultivating ethical thinking within 
engineering programs, and she has led a cross-disciplinary team on a scoping review of peda-
gogical initiatives designed to foster attentiveness to technology’s socio-environmental impacts in 
engineering curriculum.

Amir is an educational researcher with a computing engineering, management, and human 
resource development background. His MBA thesis focused on analyzing organizations’ codes of 
ethics, and his Ph.D. was a grounded theory focused on how computer science students make deci-
sions when they face ethical dilemmas. He recently conducted a literature review on ethics training 
programs in the workplace. He has served as a teaching assistant for two undergraduate courses on 
computing ethics and currently teaches a course he designed on ethics and diversity training in the 
workplace at the University of New Mexico.
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Classic teaching methods

Recent literature reviews have demonstrated the relative prevalence of teaching methods in engi-
neering ethics education (Hess & Fore, 2018; Martin et al., 2021). This work points to the pre-
eminence of case studies and ethical codes or rules. Case studies have long been a staple of ethics 
education, with roots in philosophy, medicine, and business – all of which formalized ethics edu-
cation before engineering did (Davis & Yadav, 2014). The underlying premise of this approach is 
that case-based knowledge is facilitated through information and context-rich scenarios that serve 
as prototypes and experiences on which students can reflect to inform their understanding and 
decision-making (Thiel et al., 2013). The learning goals of case studies include understanding pro-
fessional conduct, integrating stakeholder perspectives, raising awareness of international issues, 
and supporting decision-making (Martin et al., 2021).

The use of professional codes of ethics is a common approach in the United States, where a 
recent literature review found that 85% of engineering ethics interventions employed codes as a 
pedagogical strategy (Hess & Fore, 2018). This approach stems from the emphasis on engineer-
ing as a profession accountable to ethical codes, the first of which dates to the American Society 
of Civil Engineers in 1914 (Ethics | ASCE, n.d.). Because the United States has a long history of 
formal ethics education in engineering relative to other places and often provides an example to 
other areas regarding engineering ethics education (see, e.g., Chapter 32), this teaching method has 
been widely adopted across the globe (Zandvoort et al., 2000). The underlying assumption is that 
the professional practice of engineering comes with expectations and obligations, which outline 
the key values of engineering such as protection of safety and welfare, sustainability, honesty, and 
professional competence (Colby & Sullivan, 2008).

Cases and codes have been criticized for their individualist approach, in which the actions of 
a single engineer are emphasized with minimal attention to context (Conlon & Zandvoort, 2011). 
The case-study approach has been criticized for portraying ethical dilemmas as having an obvious 
right and wrong answer in which the consequences are clear, when a clear answer is often only 
due to the benefit of hindsight (Colby & Sullivan, 2008). Some scholars have critiqued the focus 
of engineering ethics education on extreme and disaster-related case studies, arguing the negative 
effect of such an approach by promoting the misperception of morality as an infrequent con-
cern (Pierrakos et al., 2019). Alongside this criticism, there are calls to evaluate the attributes of 
cases that make them effective while situating them more closely in the ambiguity of engineering 
practice (Martin et al., 2021). In response to these limitations, there is growing research around 
evaluating the content and structure of case-based methods. Such work has included integrating 
emotional content in case studies (Kotluk & Tormey, 2023; Thiel et al., 2013), taking a construc-
tivist approach (Martin et al., 2018), and using wicked problems such as sustainability to broaden 
the macro-ethical scope (Byrne, 2012). Regarding codes of ethics, cultural context can affect the 
relevance of professional standards and organizational context can create competing priorities 
that codes cannot resolve (Harris, 2004). These critical perspectives and the recent growth in 
broader engineering ethics education research have opened the door to novel and emerging teach-
ing methods.

Emerging teaching methods

This section describes and provides examples for emerging teaching methods: student-developed 
activities, role play, co-curricular activities, gamification, and online education. It complements 
this handbook’s other chapters on emergent teaching methods (problem-based learning, value-
sensitive design, field learning, arts-based, and reflective teaching methods).
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Student-developed teaching activities

 Engaging students in the design of engineering ethics education “helps to relocate ethics from the 
periphery of the curriculum to its core by empowering students to investigate ethics in the ways that 
are most meaningful to them” (Sunderland, 2019, p. 1781). The teaching approach is underpinned by 
the assumption that student engagement – students taking an active role in their learning – supports 
agency, which in turn, contributes to self-awareness and knowledge acquisition (Sunderland, 2019). 
Our literature search identified examples in which engineering students developed ethics-related 
teaching material. At Imperial College London (Alpay, 2013), students of aeronautics, bioengineer-
ing, chemical engineering, and computing were introduced to ethical theories and discipline-specific 
content and then asked to develop proposals to introduce engineering students to ethics in a fun and 
meaningful way. Proposals were collected in a database for possible future utilization and assessed 
by faculty members. As another example, engineering students at the Technical University of Berlin 
(Beier, 2013; Børsen et al., 2021) also developed self-contained teaching units for a course in engi-
neering ethics. The units typically covered a complex topic and used moderators rather than expert 
lecturers. Two examples of teaching activities were titled ‘Greenwashing or Decision Aids – Labels, 
Certificates and the Like’ and ‘Technology as a Drama – Technology in Drama.’ The course enacting 
these teaching activities was itself developed and driven by students without interference from staff.

Role-plays

Role-play is a form of active learning that can be used to address macro-ethical issues or wicked 
problems (Doorn & Kroesen, 2013; Hunger, 2013; Dempsey et al., 2017; Carlson & Wong, 2020) 
as well as micro-ethical issues related to professional conduct and responsible research (Brummel 
et al., 2010), commercial dilemmas (White, 2020), and expert witnessing (Brummel & Daily, 
2014). Role-playing involves interpersonal interaction and is typically conducted in small groups 
around a real-life or realistic hypothetical problem. Students undertake the role of an involved 
stakeholder and defend and promote the role’s position while working together to negotiate a 
solution. Role-play activities are usually well received by students, although their success depends 
on how relevant the scenarios are to students’ future professions and the skills of the facilitating 
teacher (Brummel et al., 2010).

Several outcomes can be embedded within role play, such as seeing multiple perspectives, devel-
oping frameworks for ethical conduct, and supporting ethical imagination (Birch & Lennerfors, 
2020). Relatively limited understanding exists regarding the effectiveness of this teaching method 
compared to others (Hunger, 2013), and there is a need for additional assessment of its effective-
ness (Dempsey et al., 2017). Chapter 18 of this volume addresses role-play discussions structured 
around case studies and argues that they can improve perspectival thinking and help link micro-
meso-macro contexts.

Co-curricular activities

Co-curricular activities complement learning in the formal curriculum, and students engage volun-
tarily. Co-curricular is a broad category under which different teaching methods can be employed 
to introduce both micro- and macro-ethical topics (Bielefeldt et al., 2017; Knight et al., 2016). 
Co-curricular activities that engineering educators perceive as connecting to ethics include profes-
sional societies (e.g., IEEE), honor societies, design competitions, and research. In these contexts, 
teaching methods for integrating ethics include informal discussions, online training, study circles, 
guest speakers from industry, participation in conferences where students present their own work, 
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self-assessment application essays, school (e.g., K-12) outreach, internships, community service, 
and field trips (Bielefeldt et al., 2020). Another example is the ‘ethics bowl,’ a co-curricular peda-
gogical tool to develop students’ skills to “identify ethical dimensions of challenging problems, to 
elucidate and articulate the various ethical perspectives of affected communities, and to produc-
tively deliberate through to a practical solution” (Lee, 2020, p. 146). These skills are thought to 
lead to better ethical decision-making. In this approach, groups of students, typically from differ-
ent disciplines, prepare all year for participation in a competition in which they present and discuss 
ethical issues from a case study.

The self-selected nature of co-curricular activities is both a strength and limitation for teaching 
engineering ethics. Student motivation and engagement are high in informal learning since partici-
pation is driven by interest and learning can be contextualized in application (National Research 
Council, 2009). However, not all students have equal access to co-curricular activities, so methods 
outside the classroom should not be relied on entirely for ethics education.

Gamification

Games can help translate ethical theories and concepts into everyday practices that challenge 
teacher-centered approaches. The underlying assumption is that effective engineering ethics teach-
ing involves student interaction to address complex ethical issues. From this perspective, games 
can make ethical issues appear ‘real’ to students. Briggle et al. (2016) provide an example of how a 
card game can be used in engineering ethics teaching to complement ethical theories in a way that 
helps students develop higher-order skills, such as ethical problem-solving and decision-making, 
through an open-ended environment. Games should attend to considerations such as the balance 
between learning and fun, the treatment of unethical behavior in a game, and the assessment of the 
impact (Briggle et al., 2016).

Online engineering ethics education

The most common online engineering ethics education consists of individual work with literature 
and videos presenting ethical principles combined with a computer-graded multiple-choice test 
(Egilmez et al., 2019; Razavinia & Mydlarski, 2020). The advantage of online engineering ethics 
education is flexibility in time and place; it allows collaboration with peers far away (Hess et al., 
2016; Leitch & Dittfurth, 2012). The disadvantages are that conventional standalone online ethics 
education has little effect on students’ practices, does not include interaction between students, and 
does not allow supervision. To mitigate these limitations, online education can also utilize interac-
tive elements (Lumgair, 2018) and be combined with additional teaching methods.

The outcomes of online ethics education depend heavily on how it is enacted and the specific 
methods it is employed in conjunction with (Canary et al., 2014; Plouff & Barakat, 2012). For 
example, videos are most effective when based on true stories (Itani, 2013). Other recommen-
dations for online engineering ethics education include designing collaborative, case-based, and 
contextual learning (Barak & Green, 2020) and encompass three elements: (1) online lectures or 
videos presenting concrete, real-life examples of ethical dilemmas and how they were managed; 
(2) online forums where students can discuss ethical dilemmas; and (3) written assignments where 
individual dilemmas are analyzed.

Todd et al. (2017) compared online to face-to-face education and argue for a hybrid approach 
through a meta-analytic literature review. The study concluded that face-to-face ethics education is 
most efficient in delivering complex and process-oriented learning objectives. In contrast, online 
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education efficiently delivers instructions and skills related to applying guidelines. They suggest 
hybrid educational formats, such as blended learning, for ethics education concerning responsible 
conduct of research. It is possible to digitalize tools used in analog engineering ethics teaching. 
As an example, Hoffmann and Borenstein (2014) present how software can help prepare digital 
argument maps. Reeves and Nadolny (2013) developed and tested virtual role-play, which takes 
place in a 3D environment. Students assessed the virtual role-play positively in terms of scientific 
learning, and there was some evidence that students’ ethical awareness increased. Online ethics 
education can also enable students to reflect on their lived experiences with information and com-
munication technology (ICT) and thus connect personal and professional experiences (Voss, 2013).

Trends

The following section provides a broad overview to elucidate trends in engineering ethics educa-
tion. Such trends include the prevalence of particular teaching methods over time, their place in the 
curriculum, and their use within different engineering disciplines and across the globe. Despite the 
international scope, one acknowledged limitation of the review is that we only include literature 
published in English.1

Trends over time in teaching methods

The literature reveals that examples of engineering ethics pedagogy from a decade or more ago tend 
to place greater emphasis on lecture formats and case study-based curriculum, although exceptions 
are certainly present. Example exceptions include multidisciplinary capstone courses (Allenstein 
et al., 2013), community- and service-based projects (Canney & Bielefeldt, 2012; Croft et al., 
2013; Krishnan & Nilsson, 2012; Wittig, 2013; ), co-curricular training (Plouff & Barakat, 2012, 
2014), game-based and storytelling assignments (Olwi, 2014; Sadowski et al., 2013), and role-
playing (Reeves & Nadolny, 2013). Moving closer to the present, publication trends indicate that 
instructors are employing a wider variety of methods, with a greater emphasis on active learning. 
Examples include role-playing and game-based learning (Carlson & Wong, 2020; Dodson, 2017; 
Fan et al., 2015; Kumar & Kremer-Herman, 2019; Martin et al., 2019; Putko & Rooney-Varga, 
2016; White, 2020; Xenos & Velli, 2020), narrative methods (Halada & Khost, 2017), commu-
nity engagement (Catalano, 2016), metacognitive reflection often through writing-based activities 
(Badenhorst et al., 2020; Campbell et al., 2020; Chen & Orjuela-Laverde, 2018; Mogul & Tomblin, 
2019; Robinson, 2019; Zain et al., 2017), and diversity, equity, and inclusion (DEI). Example DEI-
focused strategies include culturally responsive pedagogy (Gomez & Svihla, 2018; Quigley et al., 
2016), service learning (Hinds et al., 2020; Jung et al., 2016; Winkelman et al., 2016), accessibility-
focused projects (Molina-Carmona et al., 2017), and decolonial approaches (Cruz, 2021).

These observations are primarily grounded in the literature about undergraduate-level teaching. 
Similar patterns are present in the literature on (post)graduate training; however, because fewer 
publications focus on this demographic, it is harder to draw firm conclusions. Additional research 
into the strategies to train master’s and doctoral students in ethics and ethics-related issues would 
enrich our collective knowledge, particularly since these are the students most likely to become 
future teachers themselves and therefore shape the ongoing directions of undergraduate education.

Trends in engineering ethics across the curriculum

Engineering ethics education curriculum development occurs at a range of scales – from smaller 
standalone modules, workshops, and transferrable course components to revised or newly 
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developed complete courses, through to multi-course sequences and program-level initiatives. 
Accounts of work done within single courses are most frequently published, and these shorter 
interventions can provide students with initial exposure to ethics topics; they can offer pathways 
for faculty members teaching non-ethics-focused courses to integrate ethical issues into that cur-
riculum; and they can make possible various co- and extra-curricular involvement. On the other 
hand, programmatic changes that foreground ethics and ethical thinking represent efforts to culti-
vate wider-scale cultural change; they signal an emerging impulse to foster and valorize a deeper, 
more fully integrated ethical mindset within engineering programs and the discipline as a whole. 
Examples of programmatic efforts include Tampere University of Technology (Koskinen, 2015), 
James Madison University (Pierrakos et al., 2019), and Tecnologico de Monterrey (Ruiz-Soto et 
al., 2014)

A trend towards multi-pronged pedagogical approaches has emerged in recent years. For 
example, individual modules or courses might use case studies in tandem with group pro-
jects, game-based activities, or reflection tasks; they might pair traditional lectures with more 
active discussion- or project-based learning; or they might blend several of these strategies. If 
we segment for curricular level, additional patterns become apparent. First- and second-year 
undergraduate pedagogy has been moving toward emphasizing experiential learning, group 
activities, and design projects, implying a growing sense of the need to actively engage stu-
dents with ethics-related topics early in their university studies. Third- and fourth-year under-
graduate initiatives are frequently linked to capstone or other project-based courses, allowing 
students opportunities to explore more complex aspects of ethical issues within practical and 
applied engineering contexts. (Post)graduate examples often adopt more advanced frameworks 
(Llopis-Albert et al., 2020; Sekiguchi & Hori, 2019), operate through the lens of professionali-
zation (Berdanier et al., 2018), and provide opportunities for student to learn from one another 
(Brey et al., 2019; Celik et al., 2020) or from direct interactions with experienced professionals 
(Bernstein et al., 2017).

Discipline-specific trends

Engineering ethics education is not always discipline-specific, with most initiatives (both course-
based and programmatic) offering general ethics instruction and/or simultaneously engaging stu-
dents from multiple engineering subfields. However, more targeted pedagogy exists that can signal 
educators’ and curriculum designers’ commitment to exposing students to the ethical issues most 
relevant for their specific, future professional contexts and offering them early opportunities to 
practice navigating those often-challenging questions and scenarios.

Furthermore, the past decade has seen an uptick in the number of interdisciplinary pedagogi-
cal initiatives working towards more holistic approaches to engineering ethics education (e.g., 
Birch & Lennerfors, 2020; Campbell et al., 2020; Di Biasio et al., 2018; Kallergi & Zwijnenberg, 
2019). Several adjacent STEM fields are regularly represented among the partner disciplines (e.g., 
applied sciences, biology, chemistry, computer sciences, mathematics, physics). However, exam-
ples from a broader range of fields also appear with increasing frequency; these encompass the 
social sciences (anthropology, political science, psychology, sociology), arts and humanities (com-
munication and rhetoric, creative/visual/performing arts, liberal arts, philosophy), and other pro-
fessional or interdisciplinary fields (business, design, human–computer interaction, law). These 
interdisciplinary partnerships represent a trend for engineering ethics education more broadly, 
as they suggest a move away from the often-siloed work. Additional research can help us better 
understand the challenges, successes, institutional contexts, and potential future questions related 
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to cross-disciplinary pedagogical methods as they become more common components of engi-
neering programs.

Global trends in engineering ethics education

Publications in English related to engineering ethics education are heavily skewed towards initia-
tives based in the United States.2 Nonetheless, relatively strong representation in the literature 
exists from Canada, several European countries (the United Kingdom, Spain, the Netherlands, 
and Germany in particular), and the Asia-Pacific region (including Malaysia, India, China/Hong 
Kong, and Australia); furthermore, smaller clusters of papers on the topic have come out of 
Central and South America, Africa and the Middle East, and international collaborations. Across 
the globe, we see all levels of engineering education curricula in development. Future collabora-
tive research into how ethics instruction takes place in non-English programs and contexts – and 
targeted translation projects designed to foster more widespread knowledge and appreciation of 
the diverse approaches currently in use – would greatly enrich our collective understanding of 
global and comparative cultural trends in engineering ethics pedagogy. The systematic literature 
review by Martin et al. (2023) on global engineering ethics education and research further details 
trends across the world.

Gaps in the literature

Three main gaps in approaches to teaching engineering ethics are identified in the literature. First, 
research predominantly focuses on cognitive aspects of ethical development. Second, research 
often has limited engagement with the needs of learners to inform the teaching approaches. Third, 
evaluation of engineering ethics education efforts has focused mainly on a narrow set of outcomes.

Gap 1: The limited attention to non-cognitive aspects of ethics education

Engineering ethics education has focused on cognitive aspects of ethical decision-making. As 
suggested by some scholars in the field, undergraduate students do not tend to emotionally engage 
in the study of ethics (Troesch, 2014, 2015). This reflects a broader, historical belief that emo-
tions are problematic in ethical decision-making (Lönngren et al., 2023). Nonetheless, emotions 
can provide insights for making more desirable ethical decisions (Roeser, 2012). This suggests a 
disconnect between desired student learning outcomes and the pedagogical approaches we use to 
teach engineering ethics (Hitt & Lennerfors, 2022). Whereas the dominant approaches are cogni-
tive – such as case studies and ethical theories (Troesch, 2014) – supporting an individualist and 
analytical approach, experiential and emotional learning is often neglected. This calls for new 
approaches to engineering ethics education that go beyond students’ cognitive engagement.

Arts-based instructional strategies (detailed in Chapter 24) are among the teaching approaches 
that can potentially engage students emotionally. In traditional approaches to teaching, opportuni-
ties for dramatic dialogue with the potential to “show how specific circumstances and actions can 
lead to trauma” have been neglected (Monk, 2009, p. 113). For example, the literature suggests that 
the field has not utilized fictional films to teach ethics at the level one can see in other fields such 
as management and medicine (Hitt & Lennerfors, 2022). Films can evoke “emotions, imagination, 
and a connection to personal lived experiences … and help achieve” student learning outcomes 
(Hitt & Lennerfors, 2022, p. 44). Our review suggests there is a need for conducting evaluative 
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studies on the effectiveness of different arts-based pedagogies because, with some exceptions (e.g., 
Birch & Lennerfors, 2020; Mullin et al., 2006), there are not many articles reporting the outcomes 
of using these approaches to teach ethics in engineering. The existing limited publications on the 
subject have focused mainly on proposing specific new approaches and discussing their poten-
tial contributions to engineering ethics education (e.g., Hitt & Lennerfors, 2022; Monk, 2009; 
Troesch, 2014).

Another approach to engaging students emotionally in the process of ethical decision-making is 
through developing empathy, as several recent studies have suggested (Hess & Fila, 2016; Walther 
et al., 2017). A related strategy is using reflective approaches (see Chapter 25 for more on this) 
that can improve student empathy (Sochaka et al., 2020) and bring ethical concerns to the core 
of engineering (Valentine et al., 2020). As stated by Badenhorst et al. (2020), reflective practice 
is not mainstream in engineering education since the dominance of cognitive approaches and a 
technically oriented mindset means that “reflective thinking and practice is not easy to implement 
in engineering classes” (p. 3).

Gap 2. Lack of sufficient attention to behavioral ethics and student needs

In general, research on engineering ethics education has not focused on moral psychology and 
behavioral ethics that emphasize why people act unethically. Likewise, it can be argued that the 
research does not focus significantly on why people act unethically without meaning to (Bazerman 
& Tenbrunsel, 2011) and on developing strategies to increase the likelihood of ethical behavior 
among engineering students (High et al., 2011). Bazerman and Tenbrunsel (2011) stated that solu-
tions to reduce unethical decisions generally do not consider the limitations of the human mind. As 
Drumwright et al. (2015) suggested, “the philosophically based traditional approach to teaching 
business ethics should be significantly supplemented with the psychologically and sociologically 
based learning of behavioral ethics” (p. 433). The main argument of behavioral ethics is that the 
situation matters and people with good character or skilled in moral reasoning can still make 
unethical decisions. Studies attentive to how engineering students make decisions in ethical situa-
tions and why they might engage in unethical behaviors are limited. In one of the exceptions, High 
et al. (2011) proposed an approach to integrate moral psychology into a course on research ethics. 
In another example, Gelfand (2016) proposed an approach to teach “students about situational 
factors that may affect ethical judgment and behavior … [and] how their own personality traits 
or organizational structures might affect their judgment and behavior” (p. 1532). Finally, another 
study examined how computing students made decisions when faced with ethical scenarios and 
provided suggestions on improving ethics education courses, including both identifying students’ 
misconceptions that may hinder them from making ethical decisions and improving students’ self-
confidence in addressing ethical issues (Hedayati Mehdiabadi, 2022). These are topics that future 
research can seek to address.

Gap 3. Limitations in evaluation of engineering ethics education efforts

Engineering ethics education research has a narrow focus when it comes to quality and evaluating 
the outcomes of designed interventions (Bairaktarova & Woodcock, 2015; Bombaerts et al., 2019; 
Clancy & Gammon, 2021). One example of a quality framework has four elements (relevance, 
consistency, practicality, and effectiveness), but only relevance and effectiveness have received 
robust attention in engineering education research (Bombaerts et al., 2019). For the most part, 
evaluation has focused on the effectiveness of educational efforts based on outcomes such as ethi-
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cal awareness (Bairaktarova & Woodcock, 2015), student self-reports (e.g., Davis, 2006), and ethi-
cal reasoning skills (e.g., Drake et al., 2005). Moreover, other outcomes such as moral efficacy and 
moral courage, with a few exceptions (e.g., Douglas et al., 2022; May & Luth, 2013), are rarely 
examined.

Clancy and Gammon (2021) argued that long-term ethical behaviors should be the ultimate 
goal of ethics education. They suggested using empirical moral psychology to evaluate ethics edu-
cation’s effectiveness in improving ethical behaviors. From this perspective, ethical behaviors are 
not exclusively affected by moral reasoning – the outcome that most engineering courses attempt 
to assess (Clancy & Gammon, 2021). Other factors, including moral disengagement mechanisms 
(Bandura, 1999), biases, and situational variables, have often been overlooked in evaluating engi-
neering ethics education, and thus, future research could examine how to integrate such factors in 
an assessment heuristic.

Considerations for educators

Engineering ethics can be integrated into various courses and activities with the literature provid-
ing many examples. However, it can be daunting for educators who are new to teaching ethics to 
make sense of topics and pedagogies that might be outside their technical expertise. With the ever-
evolving societal and technological context of engineering and the emergence of novel teaching 
methods, even experienced engineering ethics instructors may find it challenging to keep informed 
of effective practices. Findings from our review suggest several considerations for educators in 
choosing and implementing teaching methods. First, it is crucial to consider the objective/purpose 
and context. Objectives such as raising awareness of ethical issues, reasoning through an ethical 
dilemma, and behaving ethically will have different instructional implications – as will teaching 
a single intervention in an engineering course, teaching an ethics-focused course, developing a 
program-wide initiative, and teaching a seminar of 15 students versus a group of 200. In response 
to these variations and to address alignment across instruction design, frameworks for quality 
would be welcome future research topics.

Table 19.1 Heuristic for instructional alignment

Objective/purpose3 Teaching method Underlying assumption

Knowledge of ethical issues Online education, ethics codes 
and rules, problem-based 
learning (PBL)

Knowledge of ethical issues is a pre-
requisite to ethical sensitivity and 
decision-making

Ethical awareness/sensitivity Case study, role play, 
gamification, value-sensitive 
design, PBL 

Without recognition of ethical 
implications in practice, one cannot 
reason through and address them

Ethical reasoning/decision-
making/judgment

Case study, role play, reflection, 
co-curricular, PBL 

Ethical reasoning/moral judgment is a 
good predictor of moral behavior

Ethical behavior (inclusive of 
moral courage/confidence/ 
commitment)

Case study, role play, 
co-curricular, PBL

Ethics education can affect future 
behavior

Ethical culture Role play, co-curricular, service 
learning, PBL

An organization’s culture or 
environment can affect individuals’ 
decisions and actions
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The heuristic below has been developed to guide instructional design-making and point educa-
tors to other chapters in the handbook for more detail on the respective methods. It is important 
to note that multiple teaching methods can be oriented toward each objective, and each teaching 
method can fulfill more than one objective. As examples, Bairaktarova and Woodcock (2017) dis-
cussed the importance of integrating ethical awareness and behavior; Wittig (2013) described the 
use of project-based learning through a co-curricular organization to support engineering students’ 
ethical sensitivity and decision-making; and Herkert and colleagues (2020) used the case study of 
Boeing crashes to highlight moral courage and its effect on ethical culture. The varying ways in 
which the methods are employed also impact the objectives and contexts for which they are appro-
priate; see, for example, the taxonomy of case studies developed by Martin and colleagues (2021). 
The alignment and impact depend as much on the facilitation as on the method itself, as detailed 
in the other chapters of this section.

Summary of areas for future research

Gaps identified in the literature illuminate opportunities for future research. There is a need for 
further research on emotional engagement in engineering ethics pedagogy. It is first essential 
to recognize emotion’s role in education and ethics to better understand how teaching methods 
can engage students emotionally. Future work can also explore the efficacy of emotion-oriented 
approaches, such as reflection (Chapters 6 and 25) and art-based (Chapter 24) methods, in achiev-
ing desired objectives.

Given the lack of studies identifying engineering students’ needs (e.g., Zhu et al., 2022), 
research in this realm can significantly improve how we teach engineering ethics. Engineering 
ethics has been traditionally taught using a top-down approach, but recent trends point to increas-
ing consideration of student-driven approaches to support students’ engagement.

Another opportunity for future research involves the impact of teaching approaches on ethical 
behavior. Although often considered a short and long-term objective in ethics education, there is 
limited research exploring if/how ethics instruction affects students’ and professional engineers’ 
decisions and behaviors. Engagement with other disciplines, such as moral psychology and behav-
ioral ethics, and longitudinal research can support this line of inquiry.

A final recommendation is expanding research into evaluation of teaching methods. There is a 
breadth of examples of teaching practices in the literature, but there is less engagement with the 
evaluation of their efficacy. Future research can compare and evaluate the relative efficacy of dif-
ferent teaching approaches for various objectives and instructional contexts. There is a multitude 
of factors that affect instruction and assessment, which can be a challenge for making sense of 
different approaches and selecting an appropriate one for a given context. Developing flexible 
assessment strategies that can be adapted by educators and researchers would be a contribution to 
the field.

Conclusion

There is ongoing growth in research and scholarship on teaching and learning related to engineer-
ing ethics education, providing an array of instructional approaches. This chapter took a narrative 
review approach to highlight classic and emerging teaching methods – as well as trends and gaps 
in the literature. Although case studies and rules/codes of ethics are most prevalent in the litera-
ture, many methods offer novel ways to support student engagement and active learning. Given 
the limited consensus around which approaches are most effective, future research is needed to 
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evaluate and compare the teaching methods while accounting for the contexts in which they are 
employed.

Notes
1 Content in this section draws from and synthesizes findings from an ongoing scoping review of pedagogi-

cal initiatives designed to foster ethical thinking within the engineering community, preliminary results 
from which are available here: https://uwspace .uwaterloo .ca /handle /10012 /17764. For pre-publication 
access to the full dataset, please contact Heather A. Love.

2 Content in this section draws from and synthesizes findings from an ongoing scoping review of pedagogi-
cal initiatives, please see note 1 above.

3 Adapted from Tkachenko & Hedayati Mehdiabadi (2022) and Hess & Fore (2018).

References
Allenstein, J.T., Rhoads, B., Rogers, P., & Whitfield, C. A. (2013). Examining the impacts of a multidiscipli-

nary engineering capstone design program. ASEE. https://doi .org /10 .18260 /1 -2- -19574
Alpay, E. (2013). Student-inspired activities for the teaching and learning of engineering ethics. Science and 

Engineering Ethics, 19, 1455–1468.
Baumeister, R. F., & Leary, M. R. (1997). Writing narrative literature reviews. Review of General Psychology, 

1(3), 311–320. https://doi .org /10 .1037 /1089 -2680 .1 .3 .311
Badenhorst, C. M., Moloney, C., & Rosales, J. (2020). New literacies for engineering students: Critical reflec-

tive-writing practice. Canadian Journal for the Scholarship of Teaching and Learning, 11(1), n1.
Baier, A. (2013). Student-driven courses on the social and ecological responsibilities of engineers: 

Commentary on “student-inspired activities for the teaching and learning of engineering ethics”. Science 
and Engineering Ethics, 19, 1469–1472.

Bandura, A. (1999). Moral disengagement in the perpetration of inhumanities. Personality and Social 
Psychology Review, 3(3), 193–209.

Barak, M., & Green, G. (2020). Novice researchers’ views about online ethics education and the instructional 
design components that may foster ethical practice. Science and Engineering Ethics, 26, 1403–1421.

Bazerman, M. H., & Gino, F. (2012). Behavioral ethics: Toward a deeper understanding of moral judgment 
and dishonesty. Annual Review of Law and Social Science, 8, 85–104.

Bairaktarova, D., & Woodcock, A. (2015). Engineering ethics education: Aligning practice and outcomes. 
IEEE Communications Magazine, 53(11), 18–22.

Bairaktarova, D., & Woodcock, A. (2017). Engineering student’s ethical awareness and behavior: A new 
motivational model. Science and Engineering Ethics, 23, 1129–1157.

Bazerman, M. H., & Tenbrunsel, A. E. (2011). Blind spots: Why we fail to do what’s right and what to do 
about it. Princeton University Press.

Bekir, N., Cable, V., Hashimoto, I., & Katz, S. (2001, October). Teaching engineering ethics: a new approach. 
In 31st Annual frontiers in education conference. Impact on engineering and science education. Conference 
proceedings (Cat. No. 01CH37193) (Vol. 1, pp. T2G-1). IEEE.

Berdanier, C. G. P., Tang, X., & Cox, M. F. (2018). Ethics and sustainability in global contexts: Studying 
engineering student perspectives through photoelicitation. Journal of Engineering Education, 107(2), 
238–262. https://doi .org /10 .1002 /jee .20198

Bernstein, M. J., Reifschneider, K., Bennett, I., & Wetmore, J. M. (2017). Science outside the lab: Helping 
graduate students in science and engineering understand the complexities of science policy. Science and 
Engineering Ethics, 23(3), 861–882. https://doi .org /10 .1007 /s11948 -016 -9818-6

Bielefeldt, A. R., Lewis, J., Polmear, M., Knight, D., Canney, N., & Swan, C. (2020). Educating civil engi-
neering students about ethics and societal impacts via cocurricular activities. Journal of Civil Engineering 
Education, 146(4). https://doi .org /10 .1061/(asce)ei.2643-9115.0000021

Bielefeldt, A. R., Polmear, M., Swan, C., Knight, D., & Canney, N. (2017, October). An overview of the micr-
oethics and macroethics education of computing students in the United States. In 2017 IEEE Frontiers in 
Education Conference (FIE) (pp. 1–9). IEEE.

Birch, P., & Lennerfors, T. (2020, October). Teaching engineering ethics with drama. In 2020 IEEE Frontiers 
in Education Conference (FIE) (pp. 1–5). IEEE.

https://uwspace.uwaterloo.ca/handle/10012/17764
https://doi.org/10.18260/1-2--19574
https://doi.org/10.1037/1089-2680.1.3.311
https://doi.org/10.1002/jee.20198
https://doi.org/10.1007/s11948-016-9818-6
https://doi.org/10.1061/(asce)ei.2643-9115.0000021


Madeline Polmear, Tom Børsen, Heather A. Love, and Amir Hedayati 

358

Bombaerts, G., Doulougeri, K., & Nieveen, N. (2019). Quality of ethics education in engineering programs 
using Goodlad’s curriculum typology. In 47th SEFI Annual Conference: Varietas delectat: Complexity is 
the new normality.

Børsen, T., Serreau, Y., Reifschneider, K., Baier, A., Pinkelman, R., Smetanina, T., & Zandvoort, H. (2021). 
Initiatives, experiences and best practices for teaching social and ecological responsibility in ethics educa-
tion for science and engineering students. European Journal of Engineering Education, 46(2), 186–209.

Børsen Hansen, T. (2005). Teaching ethics to science and engineering students. Report From a Follow-Up 
Symposium to the 1999 World Conference on Science. Copenhagen, April 15–16, 2005. University of 
Copenhagen, Copenhagen.

Brey, E.M., Hildt, E., Laas, K., Miller, C., & Taylor, S. (2019). Empowering graduate students to address eth-
ics in research environments. Cambridge Quarterly of Healthcare Ethics, 28(3), 542–550. https://doi .org 
/10 .1017 /S096318011900046X

Briggle, A., Holbrook, J. B., Oppong, J., Hoffmann, J., Larsen, E. K., & Pluscht, P. (2016). Research ethics 
education in the STEM disciplines: The promises and challenges of a gaming approach. Science and 
Engineering Ethics, 22, 237–250.

Brummel, B. J., & Daily, J. S. (2014, June). Developing engineering ethics through expert witness role plays. 
In 2014 ASEE Annual Conference & Exposition (pp. 24–400).

Brummel, B. J., Gunsalus, C. K., Anderson, K. L., & Loui, M. C. (2010). Development of role-play scenarios 
for teaching responsible conduct of research. Science and Engineering Ethics, 16(3), 573–589. https://doi 
.org /10 .1007 /s11948 -010 -9221-7

Byrne, E. P. (2012). Teaching engineering ethics with sustainability as context. International Journal of 
Sustainability in Higher Education, 13(3), 232–248. https://doi .org /10 .1108 /14676371211242553

Campbell, R. C., Reible, D. D., Taraban, R., Kim, J.-H., & Na, C. (2020). Fostering reflective habits and skills 
in graduate engineering education via the arts and humanities. ASEE. https://doi .org /10 .18260 /1 -2- -34685

Canary, H. E., Taylor, J. L., Herkert, J. R., Ellison, K., Wetmore, J. M., & Tarin, C. A. (2014). Engaging stu-
dents in integrated ethics education: A communication in the disciplines study of pedagogy and students’ 
roles in society. Communication Education, 63(2), 83–104.

Canney, N. E., & Bielefeldt, A. R. (2012). Engineering students’ views of the role of engineering in society. 
ASEE. https://doi .org /10 .18260 /1 -2- -21315

Carlson, C. H., & Wong, C. W. (2020). If engineers solve problems, why are there still so many problems to 
solve? Getting beyond technical solutions in the classroom. ASEE.

Catalano, G. D. (2016). Integrating compassion into an engineering ethics course. ASEE.
Celik, S., Kirjavainen, S., & Björklund, T. A. (2020). Educating future engineers-student perceptions of the 

societal linkages of innovation opportunities. ASEE. https://doi .org /10 .18260 /1 -2- -34490
Chen, L. R., & Orjuela-Laverde, M. (2018). Implementing reflective writing in large non-technical engineer-

ing courses. CEEA. https://doi .org /10 .24908 /pceea .v0i0 .12995
Clancy, R. F., & Gammon, A. (2021, July). The ultimate goal of ethics education should be more ethical 

behaviors. In Proceedings of the 2021 ASEE Virtual Annual Conference.
Colby, A., & Sullivan, W. M. (2008). Ethics teaching in undergraduate engineering education. Journal of 

Engineering Education, 97(3), 327–338. https://doi .org /10 .1002 /j .2168 -9830 .2008 .tb00982.x
Conlon, E., & Zandvoort, H. (2011). Broadening ethics teaching in engineering: Beyond the individualistic 

approach. Science and Engineering Ethics, 17(2), 217–232. https://doi .org /10 .1007 /s11948 -010 -9205-7
Croft, E. A., Winkelman, P., Boisvert, A., & Patten, K. (2013). Global engineering leadership design and 

implementation of local and international service learning curriculum for senior engineering students. 
CEEA. https://doi .org /10 .24908 /pceea .v0i0 .4868

Cruz, C.C. (2021) Brazilian grassroots engineering: A decolonial approach to engineering education. European 
Journal of Engineering Education, 46(5), 690–706. https://doi .org /10 .1080 /03043797 .2021 .1878346

Davis, C., & Yadav, A. (2014). Case Studies in Engineering. In A. Johri & B. M. Olds (Eds.), Cambridge 
handbook of engineering education research (pp. 161–180). Cambridge University Press. https://doi .org 
/10 .1017 /CBO9781139013451 .013

Davis, M. (2006). Integrating ethics into technical courses: Micro-insertion. Science and Engineering Ethics 
12, 717–730, 726–727.

Dempsey, J., Stamets, J., & Eggleson, K. (2017). Stakeholder views of nanosilver linings: Macroethics educa-
tion and automated text analysis through participatory governance role play in a workshop format. Science 
and Engineering Ethics, 23(3), 913–939.

Di Blasio, D., et al. (2018). Many hands on the elephant: How a transdisciplinary team assesses an integra-
tive course. ASEE. https://doi .org /10 .18260 /1 -2- -30787

https://doi.org/10.1017/S096318011900046X
https://doi.org/10.1017/S096318011900046X
https://doi.org/10.1007/s11948-010-9221-7
https://doi.org/10.1007/s11948-010-9221-7
https://doi.org/10.1108/14676371211242553
https://doi.org/10.18260/1-2--34685
https://doi.org/10.18260/1-2--21315
https://doi.org/10.18260/1-2--34490
https://doi.org/10.24908/pceea.v0i0.12995
https://doi.org/10.1002/j.2168-9830.2008.tb00982.x
https://doi.org/10.1007/s11948-010-9205-7
https://doi.org/10.24908/pceea.v0i0.4868
https://doi.org/10.1080/03043797.2021.1878346
https://doi.org/10.1017/CBO9781139013451.013
https://doi.org/10.1017/CBO9781139013451.013
https://doi.org/10.18260/1-2--30787


Literature review of teaching methods 

359

Dodson, L., et al. (2017). How role-playing builds empathy and concern for social justice. ASEE.
Doorn, N., & Kroesen, J. O. (2013). Using and developing role plays in teaching aimed at preparing for social 

responsibility. Science and Engineering Ethics, 19, 1513–1527.
Douglas, E. P., Holbrook, J. B., & Corbo-Ferreira, F. (2022, October). Engineering ethics education for social 

justice: Implementation and preliminary data. In 2022 IEEE Frontiers in Education Conference (FIE) (pp. 
1–4). IEEE.

Drake, M. J., Griffin, P. M., Kirkman, R., & Swann, J. L. (2005). Engineering ethical curricula: Assessment 
and comparison of two approaches. Journal of Engineering Education, 94(2), 223–231.

Drumwright, M., Prentice, R., & Biasucci, C. (2015). Behavioral ethics and teaching ethical decision making. 
Decision Sciences Journal of Innovative Education, 13(3), 431–458.

Egilmez, G., Viscomi, P., & Carnasciali, M. I. (2019). Assessing an online engineering ethics module from 
experiential learning perspective.

Ethics | ASCE. (n.d.). Retrieved January 19, 2023, from https://www .asce .org /career -growth /ethics
Fan, Y., Zhang, X., & Xie, X. (2015). Design and development of a course in professionalism and ethics for 

CDIO curriculum in China. Science and Engineering Ethics, 21(5), 1381–1389. https://doi .org /10 .1007 /
s11948 -014 -9592-2

Gelfand, S. D. (2016). Using insights from applied moral psychology to promote ethical behavior among 
engineering students and professional engineers. Science and Engineering Ethics, 22(5), 1513–1534.

Gomez, J., & Svihla, V. (2018). Rurality as an asset for inclusive teaching in chemical engineering. Chemical 
Engineering Education, 52(2), 99–106.

Halada, G. P., & Khost, P. H. (2017). The use of narrative in undergraduate engineering education. ASEE. 
https://doi .org /10 .18260 /1 -2- -29018

Harris, C. E. (2004). Internationalizing professional codes in engineering. Science and Engineering Ethics, 
10(3), 503–521. https://doi .org /10 .1007 /s11948 -004 -0008-6

Haws, D. R. (2001). Ethics instruction in engineering education: A (mini) meta-analysis. Journal of 
Engineering Education, 90(2), 223–229. https://doi .org /10 .1002 /j .2168 -9830 .2001 .tb00596.x

Hedayati-Mehdiabadi, A. (2022). How do computer science students make decisions in ethical situations? 
Implications for teaching computing ethics based on a grounded theory study. ACM Transactions on 
Computing Education, 22(3), 1–24.

Herkert, J. R. (2000). Engineering ethics education in the USA: Content, pedagogy and curriculum. European 
Journal of Engineering Education, 25(4), 303–313. https://doi .org /10 .1080 /03043790050200340

Herkert, J. R., Borenstein, J., & Miller, K. (2020). The Boeing 737 MAX: Lessons for engineering ethics. 
Science and Engineering Ethics, 26, 2957–2974.

Hess, J. L., & Fila, N. D. (2016, June). The development and growth of empathy among engineering students. 
Paper presented at 2016 ASEE Annual Conference & Exposition, New Orleans, Louisiana.

Hess, J. L., & Fore, G. (2018). A systematic literature review of US engineering ethics interventions. Science 
and Engineering Ethics, 24, 551–583.

High, M. S., Harrist, S., & Gelfand, S. D. (2011, June). Tools to craft ethical behavior. In 2011 ASEE Annual 
Conference & Exposition (pp. 22–1534).

Hinds, T., Buch, N., Delgado, V., & Morgan, J. (2020). Development of a peace engineering initiative within a 
first-year engineering program. Journal of Engineering Education Transformations, 33, 112–117. https://
doi .org /10 .16920 /jeet /2020 /v33i0 /150077

Hitt, S. J., & Lennerfors, T. T. (2022). Fictional Film in engineering ethics education: With Miyazaki’s the 
wind rises as exemplar. Science and Engineering Ethics, 28(5), 44.

Hoffmann, M., & Borenstein, J. (2014). Understanding ill-structured engineering ethics problems through 
a collaborative learning and argument visualization approach. Science and Engineering Ethics, 20, 
261–276.

Hunger, I. (2013). Some personal notes on role plays as an excellent teaching tool: Commentary on “using and 
developing role plays in teaching aimed at preparing for social responsibility”. Science and Engineering 
Ethics, 19, 1529–1531.

Itani, M. (2013, June). The effectiveness of videos as a learning tool in an engineering ethics course: A stu-
dents’ perspective. In 2013 ASEE Annual Conference & Exposition (pp. 23–1193).

Jung, H. Y., Zhou, Z., & Ni, L. (2016). Growing together with the community through service learning. ASEE.
Kallergi, A., & Zwijnenberg, R. (2019). Educating Responsible Innovators-to-Be: Hands-on Participation 

with Biotechnology. Lecture Notes in Electrical Engineering. 532, 79–94. https://doi .org /10 .1007 /978 -3 
-030 -02242 -6_7

https://www.asce.org/career-growth/ethics
https://doi.org/10.1007/s11948-014-9592-2
https://doi.org/10.1007/s11948-014-9592-2
https://doi.org/10.18260/1-2--29018
https://doi.org/10.1007/s11948-004-0008-6
https://doi.org/10.1002/j.2168-9830.2001.tb00596.x
https://doi.org/10.1080/03043790050200340
https://doi.org/10.16920/jeet/2020/v33i0/150077
https://doi.org/10.16920/jeet/2020/v33i0/150077
https://doi.org/10.1007/978-3-030-02242-6_7
https://doi.org/10.1007/978-3-030-02242-6_7


Madeline Polmear, Tom Børsen, Heather A. Love, and Amir Hedayati 

360

Keefer, M. W., Wilson, S. E., Dankowicz, H., & Loui, M. C. (2014). The importance of formative assessment 
in science and engineering ethics education: Some evidence and practical advice. Science and engineering 
ethics, 20, 249–260.

Knight, D. W., Canney, N. E., Bielefeldt, A. R., & Swan, C. (2016, October). Macroethics instruction in co-
curricular settings:The development and results of a national survey. In 2016 IEEE Frontiers in Education 
Conference (FIE) (pp. 1–4). IEEE.

Koskinen, J. A. (2015). E-learning of ethics, awareness, hacking and research. 43rd Annual SEFI Conference. 
Orleans, France.

Krishnan, S., & Nilsson, T. L. (2012). Engineering service learning case study on preparing students for the 
global community. ASEE. https://doi .org /10 .18260 /1 -2- -21311

Kotluk, N., & Tormey, R. (2023). Compassion and engineering students’ moral reasoning: The emotional 
experience of engineering ethics cases. Journal of Engineering Education, 112(3), 719–740.

Kumar, S., & Kremer-Herman, N. (2019). Integrating ethics across computing: An experience report of three 
computing courses engaging ethics and societal impact through roleplaying, case studies, and service 
learning. IEEE FIE. https://doi .org /10 .1109 /FIE43999 .2019 .9028568

Lee, L. M. (2021). The growth of ethics bowls: A pedagogical tool to develop moral reasoning in a complex 
world. International Journal of Ethics Education, 6, 141–148.

Leitch, K. R., & Dittfurth, R. B. (2012). Online and In-Seat Engineering Ethics Instruction: The View from 
Both Sides. In American Society for Engineering Education. American Society for Engineering Education.

Llopis-Albert, C., Rubio, F., Valle-Falcones, L. M., & Grima-Olmedo, C. (2020). Use of technical comput-
ing systems in the context of engineering problems. Multidisciplinary Journal for Education Social and 
Technological Sciences, 7(2), 84–99. https://doi .org /10 .4995 /muse .2020 .14283

Lönngren, J., Direito, I., Tormey, R., & Huff, J. L. (2023). Emotions in engineering education. In A. Johri 
(Ed.), International handbook of engineering education research (1st ed., pp. 156–182). Routledge. 
https://doi .org /10 .4324 /9781003287483

Lumgair, B. (2018, June). The effectiveness of webinars in professional skills and engineering ethics educa-
tion in large online classes. In 2018 ASEE Annual Conference & Exposition.

Martin, D. A., Conlon, E., & Bowe, B. (2019). The role of role-play in student awareness of the social dimen-
sion of the engineering profession. European Journal of Engineering Education, 44(6), 882–905. https://
doi .org /10 .1080 /03043797 .2019 .1624691

Martin, D. A., Conlon, E., & Bowe, B. (2018). A constructivist approach to the use of case studies in teach-
ing engineering ethics. In M. E. Auer, D. Guralnick, & I. Simonics (Eds.), Teaching and learning in a 
digital world (Vol. 715, pp. 193–201). Springer International Publishing. https://doi .org /10 .1007 /978 -3 
-319 -73210 -7 _23

Martin, D. A., Conlon, E., & Bowe, B. (2021). Using case studies in engineering ethics education: The case 
for immersive scenarios through stakeholder engagement and real life data. Australasian Journal of 
Engineering Education, 26(1), 47–63.

Martin, D. A., Gwynne-Evans, A., Kazakova, A. A., & Zhu, Q. (2023). Developing a global and culturally 
inclusive vision of engineering ethics education and research. In International handbook of engineering 
education research (pp. 87–114). Routledge.

May, D. R., & Luth, M. T. (2013). The effectiveness of ethics education: A quasi-experimental field study. 
Science and Engineering Ethics, 19, 545–568.

Mogul, N. F., & Tomblin, D. (2019). Just add context? Analyzing student perceptions of decontextualized and 
contextualized engineering problems and their use of storytelling to create context. ASEE. https://doi .org 
/10 .18260 /1 -2- -33035

Molina-Carmona, R., Satorre-Cuerda, R., Villagrá-Arnedo, C., & Compañ-Rosique, P. (2017). Training 
socially responsible engineers by developing accessible video games. In P. Zaphiris & A. Ioannou (Eds.), 
Learning and collaboration technologies. Technology in education. LCT 2017. Lecture Notes in Computer 
Science, 10296. Springer. https://doi .org /10 .1007 /978 -3 -319 -58515 -4 _15

Monk, J. (2009). Ethics, engineers and drama. Science and Engineering Ethics, 15(1), 111–123.
Mullin, J., Lohani, V. K., & Lo, J. (2006, October). Work in progress: Introduction to engineering ethics 

through student skits in the freshman engineering program at Virginia Tech. In Proceedings. Frontiers in 
education. 36th Annual Conference (pp. 21–22). IEEE.

National Research Council. (2009). Learning science in informal environments: People, places, and pursuits.
Olwi, I. A. (2014). Story telling as an effective mean for stimulating students passion in engineering classes. 

ASEE.

https://doi.org/10.18260/1-2--21311
https://doi.org/10.1109/FIE43999.2019.9028568
https://doi.org/10.4995/muse.2020.14283
https://doi.org/10.4324/9781003287483
https://doi.org/10.1080/03043797.2019.1624691
https://doi.org/10.1080/03043797.2019.1624691
https://doi.org/10.1007/978-3-319-73210-7_23
https://doi.org/10.1007/978-3-319-73210-7_23
https://doi.org/10.18260/1-2--33035
https://doi.org/10.18260/1-2--33035
https://doi.org/10.1007/978-3-319-58515-4_15


Literature review of teaching methods 

361

Pierrakos, O., Prentice, M., Silverglate, C., Lamb, M., Demaske, A., & Smout, R. (2019, October). 
Reimagining engineering ethics: From ethics education to character education. In 2019 IEEE Frontiers in 
Education Conference (FIE) (pp. 1–9). IEEE.

Plouff, C., & Barakat, N. (2012). Infusion of ABET - Specified professional and academic content into off-
campus work experiences via distance learning modules. IEEE FIE. https://doi .org /10 .1109 /FIE .2012 
.6462309

Plouff, C., & Barakat, N. (2014). A model for engineering ethics education through a co-op program. ASEE.
Putko, M., & Rooney-Varga, J. N. (2016). World energy in engineering design. ASEE.
Quigley, D., Sonnenfeld, D., Brown, P., Silka, L., He, L., & Tian, Q. (2016). Research ethics training on place-

based communities and cultural groups. Journal of Environmental Studies and Sciences, 6(3), 479–489. 
https://doi .org /10 .1007 /s13412 -015 -0236-x

Razavinia, N., & Mydlarski, L. (2020). A short online course targeting professionalism, the impact of engi-
neering on society and the environment, and ethics and equity. Proceedings of the Canadian Engineering 
Education Association (CEEA).

Reeves, J., & Nadolny, L. (2013, June). Ethics in engineering education using virtual worlds. In 2013 ASEE 
Annual Conference & Exposition (pp. 23–547).

Roeser, S. (2012). Emotional engineers: Toward morally responsible design. Science and Engineering Ethics, 
18, 103–115.

Ruiz-Soto, G., Montesinos, L., Santos-Díaz, A., & de Paz-Arroyo, S. (2015). Ethics and Citizenship 
Education across the Biomedical Engineering Curriculum. In VI Latin American Congress on Biomedical 
Engineering CLAIB 2014, Paraná, Argentina 29, 30 & 31 October 2014 (pp. 968–971). Springer 
International Publishing.

Sadowski, J., Seager, T. P., Selinger, E., Spierre, S. G., & Whyte, K. P. (2013). An experiential, game-theoretic 
pedagogy for sustainability ethics. Science and Engineering Ethics, 19(3), 1323–1339. https://doi .org /10 
.1007 /s11948 -012 -9385-4

Sekiguchi, K., & Hori, K. (2019). Can ethics enhance creative design activity? ICED, 19, 3181–3190. https://
doi .org /10 .1017 /dsi .2019 .325

Sochacka, N., Walther, J., & Miller, S. E. (2018). Fostering empathy in engineering education. Scientia, 119, 
110–113.

Sochacka, N. W., Youngblood, K. M., Walther, J., & Miller, S. E. (2020). A qualitative study of how mental 
models impact engineering students’ engagement with empathic communication exercises. Australasian 
Journal of Engineering Education, 25(2), 121–132.

Sunderland, M. E. (2019). Using student engagement to relocate ethics to the core of the engineering cur-
riculum. Science and Engineering Ethics, 25(6), 1771–1788. https://doi .org /10 .1007 /s11948 -013 -9444-5

Thiel, C. E., Connelly, S., Harkrider, L., Devenport, L. D., Bagdasarov, Z., Johnson, J. F., & Mumford, M. D. 
(2013). Case-based knowledge and ethics education: Improving learning and transfer through emotionally 
rich cases. Science and Engineering Ethics, 19(1), 265–286. https://doi .org /10 .1007 /s11948 -011–9318-7

Tkachenko, O., & Hedayati, A. (2022). Employee ethics training: Literature review and integrative per-
spective. In Academy of management proceedings (Vol. 2022, no. 1, p. 17746). https://doi .org /10 .5465 
/AMBPP .2022 .17746abstract

Todd, E. M., Watts, L. L., Mulhearn, T. J., Torrence, B. S., Turner, M. R., Connelly, S., & Mumford, M. D. 
(2017). A meta-analytic comparison of face-to-face and online delivery in ethics instruction: The case for 
a hybrid approach. Science and Engineering Ethics, 23, 1719–1754.

Troesch, V. (2014, May). A phenomenological approach to teaching engineering ethics. In 2014 IEEE 
International Symposium on ethics in science, technology and engineering (pp. 1–9). IEEE.

Troesch, V. (2015). Teaching engineering ethics: A phenomenological approach. IEEE Technology and 
Society Magazine, 34(2), 56–63.

United Nations Department for Economic and Social Affairs. (2022). Sustainable Development Goals Report 
2022. United Nations. https://unstats .un .org /sdgs /report /2022 /The -Sustainable -Development -Goals 
-Report -2022 .pdf 

Valentine, A., Lowenhoff, S., Marinelli, M., Male, S., & Hassan, G. M. (2020). Building students’ nascent under-
standing of ethics in engineering practice. European Journal of Engineering Education, 45(6), 957–970.

Voss, G. (2013). Gaming, texting, learning? Teaching engineering ethics through students’ lived experiences 
with technology. Science and Engineering Ethics, 19(3), 1375–1393.

Walther, J., Miller, S. E., & Sochacka, N. W. (2017). A model of empathy in engineering as a core skill, 
practice orientation, and professional way of being. Journal of Engineering Education, 106(1), 123–148.

https://doi.org/10.1109/FIE.2012.6462309
https://doi.org/10.1109/FIE.2012.6462309
https://doi.org/10.1007/s13412-015-0236-x
https://doi.org/10.1007/s11948-012-9385-4
https://doi.org/10.1007/s11948-012-9385-4
https://doi.org/10.1017/dsi.2019.325
https://doi.org/10.1017/dsi.2019.325
https://doi.org/10.1007/s11948-013-9444-5
https://doi.org/10.1007/s11948-011–9318-7
https://doi.org/10.5465/AMBPP.2022.17746abstract
https://doi.org/10.5465/AMBPP.2022.17746abstract
https://unstats.un.org/sdgs/report/2022/The-Sustainable-Development-Goals-Report-2022.pdf
https://unstats.un.org/sdgs/report/2022/The-Sustainable-Development-Goals-Report-2022.pdf


Madeline Polmear, Tom Børsen, Heather A. Love, and Amir Hedayati 

362

White, A. R. (2020). A simulation system for exploring ethical situations that arise from conflicting engineer-
ing team goals. ASEE. https://doi .org /10 .18260 /1 -2- -34052

Winkelman, P. M., Penner, J., & Beittoei, A. (2016). Sustainable development for engineers through a the-
matic restructuring of experiential learning. In W. Leal Filho & S. Nesbit (Eds.), New developments in 
engineering education for sustainable development. World Sustainability Series. Springer. https://doi .org 
/10 .1007 /978 -3 -319 -32933 -8 _26

Wittig, A. (2013). Implementing problem based learning through engineers without borders student projects. 
Advances in Engineering Education, 3(4), 1–20.

Xenos, M., & Velli, V. (2020). A serious game for introducing software engineering ethics to university stu-
dents. The Challenges of the Digital Transformation in Education, 579–88. https://doi .org /10 .1007 /978 -3 
-030 -11932 -4 _55

Zain, S. M., Basri, N. E. A., Mamat, L., Ghee, T. K., Syaril, S., & Rahman, N. S. A. (2017). Community 
service as platform for environmental ethics in CITRA education. Journal of Engineering Science and 
Technology, 12(12), 67–79.

Zandvoort, H., VanDePoel, I., & Brumsen, M. (2000). Ethics in the engineering curricula: Topics, trends and 
challenges for the future. European Journal of Engineering Education, 25(4), 291–302. https://doi .org /10 
.1080 /03043790050200331

Zhu, Q., Clancy, R. F., Streiner, S., Gammon, A., Thorper, R., & Angeli, A. (2022). Exploring the ethical 
perceptions of first year engineering students: Public welfare beliefs, ethical behavior, and professional 
values. In American Society for .engineering education Zone IV Vancouver.

https://doi.org/10.18260/1-2--34052
https://doi.org/10.1007/978-3-319-32933-8_26
https://doi.org/10.1007/978-3-319-32933-8_26
https://doi.org/10.1007/978-3-030-11932-4_55
https://doi.org/10.1007/978-3-030-11932-4_55
https://doi.org/10.1080/03043790050200331
https://doi.org/10.1080/03043790050200331


363

Introduction

This chapter provides a critical overview of case studies in engineering ethics education. The 
chapter aims to support the adoption of case studies by engineering ethics educators through a 
systematic evaluation of their purpose, pedagogical outcomes, and overall fit within the course or 
curriculum.

We will employ a broad definition of the concept, where case studies provide a context-driven 
approach to teaching ethics that allows learners to think through ethical issues and debates using 
grounded information and make decisions that would – or even can – potentially have real conse-
quences. Case studies for teaching engineering ethics range from short narratives that encapsulate 
a real-world problem or dilemma (called vignettes) to longer forms, including many cases that are 
over ten pages long. They can be narrowly focused on a problem in the workplace, such as decid-
ing whether to use a specific chemical or process, or they can be used to examine a large-scale 
project or disaster, such as an aircraft accident.

For this chapter, we will first outline the arguments for and against teaching engineering ethics 
using case studies in order to aid educators in assessing what case studies can bring to the class-
room. After a broader discussion of what case studies are and their role within engineering ethics 
education, we will examine how the use of case studies furthers specific learning goals through 
their integration into teaching, drawing on a Neo-Kohlbergian view (dubbed the ‘four-component 
model’), and relating this to different styles of choosing and integrating case studies in higher edu-
cation. We will briefly and pre-emptively refer to challenge-based learning (CBL) as a particular 
way of integrating real-world, non-prepared, and non-academic case studies, contrasting this with 
the more classical way of discussing historical or fictional case studies in engineering ethics. We 
will also discuss role-play discussions structured around case studies and their advantages for 
improving perspectival thinking and linking micro-meso-macro contexts. We will argue that there 
are no emotionally neutral cases and that it is a matter of the learning goals to be achieved whether 
and how one should explicitly constructively deal with this emotionality.

A separate section will briefly showcase various available repositories of engineering ethics 
case studies, categorized into available themes, types, and scope of expositions. Finally, we will 
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Teaching ethics using case studies

summarise key takeaway points for those interested in designing successful engineering ethics 
course syllabi based on case studies.

Our approach to this chapter reflects our own different backgrounds and intellectual trajecto-
ries. We are all interdisciplinary researchers, with two of the writing team being trained as engi-
neers and combining a focus on both technical aspects of computing and engineering research and 
teaching, with a focus on ethical and social dimensions. The third member of the writing team is 
a sociologist who also teaches and researches both engineering ethics and learning sciences. Our 
interdisciplinary, evidence-informed, and teaching-focused approach is reflected in this chapter.

Case studies in engineering ethics education – a critical discussion

In professional education, case studies are generally identified as first introduced in legal education 
at Harvard in the late 1800s; they were widely used in that field by the early 1900s. The method 
spread to business education before being adopted in other professional domains, including medi-
cal, teacher, and engineering education. The use of cases as a teaching method has been the main-
stay of business education for over a century since the method was introduced to this domain at 
Harvard Business School in the 1920s. Although the use of case studies for teaching has come a 
long way since then, many of the core components of using the case method remain the same. Case 
studies come with three main characteristics. Most cases

 1) describe an actual or hypothetical situation where a decision needs to be made;
 2) include contextual and technical information that the reader can use; and
 3) involve a decision or solution that requires the learner to engage with and develop various 

perspectives
 (D. A. Martin et al., 2021b; Merseth, 1994)

The learner is also often placed in a specific role or has to approach the problem from the viewpoint 
of the role – e.g., an engineer or a manager. Furthermore, the case can be used in a group setting, 
where the entire class or smaller groups sometimes discuss the situation and decision-making.

Case studies provide a context-driven approach to teaching ethics that allows the instructors 
and learners to think through ethical issues and debates using grounded information and make 
decisions that can potentially have real consequences. Ethics case studies are implemented through 
standalone courses, co-curricular activities, immersion programs, and modules within courses. 
The materials used to teach cases include articles, books, videos, audio, and other curricular mate-
rial. They can be used as part of the curriculum to teach how to apply professional codes or even 
broader societal considerations of engineering.

Given the intersection of business and engineering, it may not be surprising that the use of cases 
has found application in teaching across various engineering topics. Even though lectures remain 
the dominant form of teaching in higher education, cases have achieved significant application 
in engineering ethics and are one of the most prevalent techniques (Davis, 1997). Hess and Fore 
(2017) identified case study–based instruction as the most frequently employed method in engi-
neering ethics. Cases are a powerful teaching strategy, especially for courses and problems that 
deal with ‘real-world’ applications of engineering knowledge. It has been contended that “there is 
widespread agreement that the best way to teach professional ethics is by using cases” (Harris et 
al., 1996, p. 94).

Case-based instruction is effective as a component of ethics teaching. Several meta-analyses 
of ethics education in both science and business, for example, have found that case-based learn-
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ing has more significant positive effects than many other teaching approaches (Antes et al., 2009; 
Waples et al., 2009; Watts, Todd, et al., 2017). For example, the meta-analysis by Logan Watts and 
colleagues (2017) found that programs with a stronger focus on case-based instruction also tended 
to have an above-average impact on ethics learning.

From this perspective, it may even seem that using case studies in ethics education – and else-
where – has become a tradition, a signature style for scholars from particular disciplines that is 
applied in a rather unreflected manner. One of the purposes of this chapter is to raise awareness of 
why and when the case-study approach may be helpful and, more importantly, which form it may 
take to align with the course learning goals.

For instance, for ethics education, Martin et al. (2019) describe case-based role-playing activ-
ity as being situated “within a microethical frame, focused on describing individual dilemmas 
set in scenarios of crisis that can be solved through the application of ethical heuristics and by 
appealing to the precepts of professional codes and ethical theories” (p. 1). However, cases often 
resist a specific or narrow answer, leading to sustained discussion, which may not necessarily end 
in finding a consensual ‘solution.’ Furthermore, cases need not necessarily be solely embedded 
within a micro-ethical frame but can be designed to take on macro-ethical subjects or extend 
toward them.

This is where tensions exist between different views of how and whether case-based instruc-
tion of applied ethics should be adopted. For instance, Lawlor (2021) objects to too heavily rely-
ing on case-based ethics instruction when its mode is confined to a single teaching session per 
case, focused on individuals, and lacking context. Lawlor contends that, instead, instruction – 
case-based or otherwise – should allow for considering the ethics of the macro-level aspects as 
well, thus taking into account more wide-arching circumstances that may prevent individuals from 
doing the right thing. Consequently – and according to Lawlor – in case-based teaching, room 
must be given to address and discuss precisely those conditions that prevent specific or narrow 
answers from being applicable. Furthermore, for Lawlor (2021), content may often even be more 
relevant than the actual ethics. Accordingly, it can be argued that case-based instruction must make 
space to not just focus on the ethical dilemma itself but allow for conveying – and unearthing – the 
relevant circumstances and the technical and scientific details accompanying the case.

Rottmann and Reeve (2020), reviewing prior work in the use of case studies in engineering 
ethics instruction, have identified two key dimensions along which case-study application in engi-
neering varies: (1) analytical strategy or a deductive-inductive dimension and (2) level of analysis 
or a micro–macro dimension (p. 149). In a deductive approach, instructors encourage students to 
apply a specific theory or viewpoint to analyze an event. In an inductive approach, students are 
asked to draw various ethical lessons from a given case. Regarding the level of analysis, cases 
can be used for micro-ethical scenarios that usually depict individual practitioners facing difficult 
situations or highlight the socio-political consequences of engineering. The micro approach is a 
powerful pedagogical technique because it asks a learner to decide from the viewpoint of some-
one in that situation. The macro approach is helpful as it forces learners to connect with different 
stakeholders and larger organizational and societal concerns.

In addition, approaches to case studies can also differ in terms of (3) the timeframe or historic-
ity, (4) the veracity or the amount of hypothetical versus factual elements, and (5) the duration in 
which the case is considered and the student’s role. A taxonomy informed by these elements has 
been developed by Diana Martin and colleagues (D. A. Martin et al., 2021a). This taxonomy cer-
tainly has its appeal, even though it operates on vastly different ontological domains, ranging from 
the highly descriptive (e.g., the length of the case) to the reflective-subjective (e.g., the micro- vs. 
macro-ethical scope). This is why, for the remainder of the chapter, we would like to propose a 
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simplified distinction between two general types of case studies, reflecting a combination of the 
five dimensions proposed by Martin et al. (2022):

 A. Highly complex and highly indeterminate case studies
 B. Simpler vignettes with less veracity

Our streamlined taxonomy is, in fact, complementary to Martin et al. as, for example, highly 
complex cases or simpler vignettes can both be approached inductively or deductively, concern 
macro- or micro-level issues, and be current or historical, factual or hypothetical. Although there 
may be tendencies in engineering education practice towards specific characteristics in types A and 
B, parsing that out is beyond the scope of this chapter. Instead – and perhaps quite generally – case 
studies of type A may be better in helping people to decide in the real world, while case studies of 
type B tend to help people learn to apply principles. As stated above, scholars should be able to 
choose the type of case studies appropriate to the learning situations.

The meta-analysis by Logan Watts and colleagues (2017), already mentioned above, found 
that longer cases seem to have more impact than shorter ones, those with moderate complexity 
have more impact than both simple and complex cases, and cases with low to moderate realism 
have more impact than realistic cases which may involve highly emotive content such as mul-
tiple deaths or family tragedies. This is an important finding given the extent to which realistic 
cases of big news stories (e.g., case studies of the Columbia and Challenger space shuttle explo-
sions in engineering ethics) are ubiquitous in many ethics textbooks. The use of well-known and 
even spectacular cases that have resulted in considerable negative and emotive media echoes may 
appear so distant from the experience of most students that they generate emotional distance and 
closure. Even moderately sensitized students may quickly dismiss these cases as depicting situ-
ations in which they will never find themselves. At the same time, knowing how cases turned 
out can limit students’ opportunities to develop reasoning and perspective-taking skills. Before 
discussing practical choices in employing cases for ethics education, we will commence by going 
deeper into the subject of learning goals that may be pursued.

What is the purpose of using case studies in engineering ethics education?

Overall, what can meaningfully be said about the goals of professional ethics education? As 
Chapter 10 (on the psychological foundations of engineering ethics education) has explored, a 
cognitive, rationalist, and individualist perspective largely dominated thinking on moral reasoning 
in the late twentieth century. This was (and to some extent still is) reflected in professionals’ eth-
ics education goals. The last 20 years have seen an increasing focus on supplementing the focus 
on moral reasoning with a broader concern for other components of moral action, such as ethical 
sensitivity, motivation, agency, and imagination. Having developed these capacities, students then 
need to learn to transfer them into professional practice situations. So what, then, can be identified 
as essential goals of using case studies in engineering ethics education?

Neo-Kohlbergian learning goals of ethics education

The set of possible goals pursued by case study–based engineering ethics instructors, according 
to an interview-based study by Martin et al. (2021a), comprise (1) epistemic and (2) value- and 
virtue-driven aims, as well as (3) awareness and (4) agency forming. Epistemic goals try to elu-
cidate the complexity behind the cases, while value- and virtue-driven goals relate to fostering 
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engineering habits such as accepting moral responsibility. Awareness is intended to be brought to 
the broader context, while ethical agency is encouraged to be taken seriously within the range or 
even at the fringes of legal frameworks.

Martin et al.’s (2021a) empirical study seems to suggest an awareness among educators of the fact 
that focusing on moral reasoning is not enough to improve subsequent moral behavior. Empirical 
research has since indicated that a narrow focus on cognitive abilities in the moral domain is insuf-
ficient. As Chapter 10 has explored, one way of doing this is the Neo-Kohlbergian four-component 
model of moral behavior (Bebeau et al., 1999; Narvaez & Rest, 1995). These components are:

• Moral sensitivity as the ability to recognize ethically salient conditions
• Moral judgment as the outcome of the process of moral reasoning that involves identifying 

relevant values or principles
• Moral motivation as the ability to prioritize moral over other values
• Moral character (or agency) as the ability to persevere in following through with one’s 

moral judgment.

The critical difference to the traditional Kohlbergian model (Kohlberg, 1974) lies in recognizing 
moral judgment (or reasoning) as necessary but insufficient to result in ethical behavior. Instead, 
Bebeau et al. (1999) argue that all four components interact and contribute to producing moral 
behavior. Moral sensitivity integrates both the ability to recognize vulnerabilities – to (emotion-
ally) empathize and to take others’ perspectives – and to integrate professional knowledge (e.g., 
facts about working conditions or ecologically relevant material properties). Moral judgment 
denotes the traditional Kohlbergian notion of ‘post-conventional moral reasoning’ as the highest 
form of morality but is considered insufficient. Moral motivation – or a lack thereof – can explain 
the dissonance between recognizing a moral issue and acting accordingly. In contrast, moral char-
acter has to do with mustering the courage to overcome obstacles that impede the action demanded 
by one’s moral judgment.

What is evident from this brief sketch of the ‘four-component model’ is that it recognizes the 
intertwinement of cognitive and emotional factors. It marks a clear departure from the Kohlbergian 
rejection of irrational or emotive factors influencing moral development (Haidt, 2001) and a turn 
towards learning from a feminist ethics of care that understands the moral significance of condi-
tions in terms of the vulnerability of and the situated relationships between people (Gilligan, 1993; 
Noddings, 1988). For more on this see Chapter 4 on reason and emotion in engineering ethics 
education.

The problem of transfer

It is worth noting that if the goal of ethics education is that students learn to make ethical decisions 
as engineering practitioners, then developing moral sensitivity, reasoning, motivation, and agency 
in university-based education programs is unlikely to be enough. This is because one of the peren-
nial problems in professional education is that learning things in university classrooms does not 
automatically mean that people use that knowledge and skill in settings outside the classroom. To 
learning scientists, this is known as the problem of transfer. In professional education, it can also 
be seen as a facet of the theory–practice divide and has been called ‘the problem of enactment’ 
(Darling-Hammond & Baratz-Snowden, 2007).

As John Bransford, Ann Brown, and Rodney Cocking have noted (2000, p. 235), many 
approaches to teaching that appear equivalent when the ability to recall class-based learning is 
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measured turn out to be quite different in their effects when transfer of learning to new settings is 
assessed. Learning science researchers have identified several features of teaching and learning 
that facilitate transfer. One of the features of learning is that people do not simply learn an idea 
that is the target of learning but also encode aspects of the context within which the memory is 
encoded. In this sense, knowledge is said to be conditionalized (Bransford et al., 2000, p. 43). 
This makes it easier for people to remember things in contexts similar to those in which they 
were learned. This ‘conditionalization’ of learning can be used in teaching by providing students 
with learning experiences closer to the situations in which they will practice their profession. 
Experiential learning, such as project work, challenge-based learning, and fieldwork or intern-
ships, may help close the gap between university learning and professional practice (Tormey et al., 
2021; for more, see Chapters 21 and 23). However, these experiential learning situations give rise 
to challenges. Students can rapidly become overloaded with new information, making it difficult 
to focus on essential and relevant parts of the experience. Such experiences are often, therefore, 
useful when introduced progressively into the learning process; once students have gained some 
understanding of key ideas and practices, richer and more complex settings can provide them with 
opportunities to apply these ideas in more ‘real-world’ settings (Tormey et al., 2021, pp. 200–204).

What do possible practical implementations of engineering ethics courses using case studies 
look like? The following section delves into three specific topics: one focuses on introducing real-
world case studies via the challenge-based learning approach, another deals with case-based role-
playing, and a third discusses ways of making dealings with emotions explicit.

From the above discussion, it should have become clear that very often, a fundamental trade-
off may appear when choosing between a highly unstructured and complex case as a means to 
train, for example, moral sensitivity and judgment, and a more structured case with clear potential 
outcomes as a means to focus on training moral motivation and character. Hence, it may appear as 
if much rests on the choice of cases, and indeed, the pre-processing endowed upon a case can be 
used to emphasize the learning goals to be achieved.

However, the nature of the pedagogy built around a case may even be more significant, mean-
ing that it is less about the case per se and more about what students are led to do with it that deter-
mines which learning goals are targeted. Plainly speaking, whatever the general method utilized 
to present an ethics case study to the learners, it will not be a sufficient approach for instructors 
to throw a case at the class and then stand by and watch. Instead, one way of going about careful 
considerations on employing case studies in engineering ethics courses can be structured as per the 
curriculum typology of Goodlad, Klein, and Tye (1979), that is, along the lines of the five aspects 
of the ideal, formal, perceived, operational, and experienced curriculum. In this vein, Herzog et 
al. (2022a) considered a simplified version of Goodlad’s typology applied to CBL. By iterating 
through the temporal dimension and traversing the duties and goals of instructors and learners (and 
potentially others), Herzog et al. provided a matrix-like approach to laying down and planning 
necessary preparatory steps to deal with a particular case.

Practical ways of integrating engineering ethics case studies

Challenge-based learning as a way of using highly 
complex, indeterminate case studies

One method of introducing work with cases in engineering ethics on a collaborative level is chal-
lenge-based learning (CBL) (Nichols & Cator, 2008). In CBL for engineering ethics, (typically 
groups of) learners are tasked with identifying, analyzing, and trying to solve their own challenges 
based on real-life problems. Here, the focus is on thinking about the challenge as a case: CBL 
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gives ample opportunities but also imposes the necessity to tailor the pedagogy of the coursework 
on a case towards particular learning goals (Herzog et al., 2022a). Both instructors and external 
stakeholders must provide constant guidance and exchange. The external stakeholders mainly pro-
vide the general case (business, technological, or otherwise) to allow learners to inquire, reflect, 
and develop potential solutions. Even though cases are real or based on real-world developments, 
instructors can and should find ways to reduce (or, though less likely, enrich) complexity. For 
instance, views on a case based on, say, a health companion app can be restricted to the particular 
ethically salient field of data protection, privacy, and confidentiality or enriched by letting learn-
ers envision and extrapolate an early-stage solution toward deployment. While the former may 
amount to tailoring the case study towards the learning goals more directed towards heightening 
moral motivation and agency, the latter – arguably more complex – case would tend to promote 
moral sensitivity and judgment. In CBL, this tailoring towards a specific emphasis on particular 
learning goals is both a matter of choice for the instructors and subject to negotiations with the 
external stakeholders. Exemplars typically do not provide a ready-made case but rather a setting 
where a case can be embedded or emerge.

This flexibility means it may be possible to tailor the approach to the skill levels in terms of the 
four components (moral sensitivity, judgment, motivation, and agency) present at an individual 
or group level. This yields the potential to align CBL with highly individual learning trajectories. 
Such complexity by diversity can be regarded as a potential asset. By letting learners decide 
which group to join and which case to work on, they can also effectively choose their emphasis 
on specific learning goals. One could hope this would work out entirely tacitly and implicitly, 
assuming that learners are drawn to the case setting that is most appealing from a learning gain 
point of view. This assumption, however, may be naïve, as a multitude of other factors – interest 
in the technological content of the case at the very least – will probably dominate the decision. 
This suggests that some facility of conveying the significance of the choice of the case in terms 
of, for example, if the Neo-Kohlbergian learning goals should be deployed to guide learners. 
Potentially pre-processed real-world cases could be analyzed in co-operation with the external 
stakeholders to assign them according to the tendency to promote any learning goal. With a suf-
ficient mix of cases provided, this strategy could accommodate the breadth of moral skillsets 
students bring with them into what may typically be the only ethics course within an engineering 
curriculum.

Alternatively, it is imaginable, albeit elaborate, that instruments such as the Defining Issues 
Test (DIT) or the DIT2 (Rest et al., 1999; for more on DIT see Chapter 10) could be employed to 
conduct a quantitative assessment of the learners’ patterns of moral reasoning, provide feedback, 
and suggest case assignments. From a moral skillset perspective, CBL appears to be a suitable 
candidate for case-based engineering ethics education despite its instructional and organizational 
complexity (cf. Bombaerts, 2020; Herzog et al., 2022b).

However, there are other reasons why CBL fares well as a framework for case-based instruc-
tion. We will briefly provide – potentially non-exhaustive – arguments here. Challenge-based 
learning alleviates one of Lawlor’s (2021) main criticisms in that it typically confronts learners 
with a single case on which to develop and identify ethical challenges, research and inquire about 
background information (technical and otherwise), and consider, propose, and evaluate individual 
and organizational conduct. Furthermore, CBL is not necessarily confined to the micro-ethical 
frame. Based on the experience of this chapter’s first author, some external stakeholders even seem 
to gravitate towards proposing macro-ethical issues as their case of interest. In addition, perhaps 
one of the most obvious – and so far neglected – reasons to engage in the extra effort CBL presents 
is that learners will work on real-world cases. Challenge-based learning generates an experience 
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of transfer, thus aiming for sustained learning that translates into the engineers’ professional work-
life.

Role-play case studies for teaching perspectives

Role-playing uses cases or scenarios to discuss a problem or an issue where each participant is 
assigned a specific role (Loui, 2009). In broader terms, role-plays are one kind of simulation-
based learning exercise (Hertel & Millis, 2011). Role-playing is often related to cases that are 
simpler vignettes with complex background conditions, but the role-playing will be confined to 
a particular snap-shot situation. However, there are also role-play-based courses which go on for 
the entire semester and keep adding elements to the case to increase complexity over time. In any 
role-play case-study discussion, students take on the role of a person involved with or impacted 
by the case, and they have to participate in a discussion that reflects the viewpoint or perspective 
of their role. Role-playing is used to emphasize the real-world side of things and provide students 
an opportunity to engage deeply in a close approximation to experience since ‘being’ a character 
in a role-play introduces a social component that cannot be achieved with a mere case discussion 
(Hertel & Millis, 2011). Role-play supports perspective-taking (Pusateri et al., 2009), emotional 
engagement (Heyward, 2010), critical thinking (Poling & Hupp, 2009), and communication skills 
(Nestel & Tierney, 2007). Role-plays are also helpful in teaching and consolidating student knowl-
edge (DeNeve & Heppner, 1997; McCarthy & Anderson, 1999; Poling & Hupp, 2009) and for 
teaching students how to link micro- and macro-level issues, as well as issues in between (Johri 
& Hingle, 2022).

Role-play is challenging as there is usually the need to reach consensus. Reaching consen-
sus can be argued to contribute to all four Neo-Kohlbergian learning goals: all participants must 
develop enough moral sensitivity to recognize and agree on the ethically salient conditions worth 
arguing about; participants must arrive at a moral judgment and formulate arguments based on 
relevant values or principles. While reaching consensus, students must also exhibit moral motiva-
tion by prioritizing and agreeing on moral values. Finally, moral character can be displayed by 
swaying from one’s resolve only when one’s moral judgment is questioned for good reasons. All 
learning goals are effectively addressed, especially when participants must assume roles that do 
not reflect their moral standpoint. Accordingly, prior research on the use of role-plays has shown 
that, initially, learners find them uncomfortable. This discomfort is often due to the experience of 
“disjuncture” (Jarvis, 2012, pp. 79–84) between the role-play experience and the student’s previ-
ous conceptualizations of a given topic. Studies have shown that disjuncture can prime students to 
engage vigorously in efforts to develop knowledge and skills to bring “equilibrium” back to their 
conceptualization (Jarvis, 2012, p. 80).

Furthermore, students also learn to adopt different perspectives (Van De Sande & Greeno, 
2012). Role-playing is a student-centered approach to learning, and by being actively involved in 
their roles, students experience tension and conflict and feel more attached to the issues. Scholars 
have referred to role-playing as an unstructured drama. While the instructor provides the setting 
and the characters, students/participants must decide their characters’ arguments and the direction 
of the discussion.

To participate fully in a role-play, students need to research the case and their role to make 
informative decisions that represent their character’s perspective. The amount of research needed 
depends on the characters or roles they are playing and the complexity of the case study. In some 
instances, the case used can draw on students’ personal experience – for example, a discussion of 
research ethics – and require almost no preparation, whereas, in others, they might need from a few 
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days to a week to prepare well. Learning outcomes for role-play discussions are further supported 
through pre-discussion and post-discussion assignments, including essay-based questions or con-
cept maps, either individual-level or group-based (Hingle et al., 2021; Johri & Hingle, 2022).

Role-plays have been used extensively in professional and applied disciplines (Rao & Stupans, 
2012; Shaw, 2004), including medicine (Lane & Rollnick, 2007; Nestel & Tierney, 2007), men-
tal health fields (Schwitzer et al., 2001), teacher training (Kilgour et al., 2015), leadership roles 
(Brown, 1994; Shapiro & Leopold, 2012), research ethics (Brummel et al., 2010), and engineering 
(e.g., Herkert, 1997; Hingle et al., 2022). Role-play scenarios are a popular engineering ethics 
intervention because they allow students to engage in empathy and perspective-building exercises 
in the classroom. This participation is fundamental to early-career engineers, who Loui (2005) 
argues are likely to face ethical dilemmas that include conflicting viewpoints during everyday 
work. It is essential to recognize that “students come to a course with various backgrounds and 
developmental stages, and different students internalize different ideas” (Loui, 2005, p. 383). As 
there is certainty that students will face these ethical dilemmas but have different readiness levels, 
researchers argue that the focus is on readying students to empathize. Hess and Fila (2016) argue 
that empathy and perspective-taking exercises should be incorporated within engineering curric-
ula, which are fundamental to holistic engagement efforts. As Doorn and Kroesen (2013) describe, 
role-play scenarios serve as an instrument to guide students to engage with, debate, and evaluate 
decisions from the perspective of different roles. Doorn and Kroesen also acknowledge that by 
making students aware of other perspectives, they better understand pressures and influences that 
would otherwise have been hidden.

As with most pedagogical interventions, role-plays have their limitations. They are resource-
intensive in developing adequate role-play case studies, role descriptions, and implementation. 
They require designing a prompt script to facilitate the discussion. They also need a relatively high 
amount of time within a class or lecture to be effective and require the instructor or a trained person 
to lead the discussion, at least initially. Finally, assessing learning requires more time as most of 
the information or data is qualitative. Despite these limitations, the benefits of using role-plays 
make them an effective case-based instruction method.

Dealing with emotive content

A further question of practical significance – one already touched upon in the previous section – 
relates to how to deal with the emotive content that case-based ethics instruction contains. Chapter 
4 discusses the relationship between emotion and reason in engineering ethics education, and 
Chapter 10 probes the psychological aspects of this. The focus in this section, therefore, is on the 
emotionality of ethics cases. As mentioned above, such content may distress a student to the point 
that it hinders the achievement of learning goals (Watts, Medeiros, et al., 2017). However, some 
evidence (e.g., Thiel et al., 2013) indicates that emotionally rich case studies can support learn-
ing and even learning transfer. Higgs et al. (2020) argue that the traditional striving for emotion-
less ethical evaluation can “result in cognitive processes that could lead to less ethical decisions” 
(Higgs et al., 2020, p. 53).

Noting that including a low/modest level of emotional content seems to improve students’ 
learning, Kotluk and Tormey (2022) have found that including mildly emotive content does not 
introduce biases to the moral reasoning process. Their findings invite instructors to actively intro-
duce some emotional content to improve learning. Kotluk and Tormey also note that engineering 
ethics cases – even those seen as emotionally neutral – already include emotional content. Kotluk 
and Tormey asked students to quantify the degree to which they thought the leading actor of a 
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case would have experienced emotions. Students identified moderate levels of guilt, embarrass-
ment, compassion, and anger, even when the emotional content (e.g., actual feelings or significant 
adverse outcomes) was not explicitly mentioned in the case description, revealing the idea of an 
emotionless ethics case and emotionless deliberation to be a myth.

Other researchers have also contributed to advancing the idea that processing emotions is inte-
gral to assessing and working on ethics cases. For instance, Justin Hess and others (2016, 2017, 
2019) documented statistically significant increases in empathic perspective-taking and emotion-
regulation skills when instructing students within the Scaffolded, Interactive, and Reflective 
Analysis (SIRA) framework (Kisselburgh et al., 2016), an elaborate framework for case-based 
ethics instruction that integrates high levels of student interaction and e-learning platform–sup-
ported reflective exercises. Watts et al. (2017) even found that explicit consideration for processing 
emotions more effectively impacted learning than cognitive or values-oriented processes.

However, empathy can also limit prosocial responses towards dissimilar people, for example, 
regarding social status, place, or time. So-called ‘empathetic overarousal’ can also be distressing to 
the point that a person’s focus wanders inwards, potentially resulting in moral or social disengage-
ment, for example, in ecological matters (Stanley et al., 2021). A combination of teaching learners 
to take perspective, empathize with others, and regulate emotion can, therefore, be conceived as 
an additional important goal of ethics education.

These insights ask instructors to consider emotive content carefully in their case-based engi-
neering ethics education designs. Role-play-based instruction is well suited for constructively 
addressing this. However, especially in CBL settings with external stakeholders, emotive content 
may appear in even more multifaceted ways. Apart from the typical subjects affected, students 
could also empathize with the external stakeholders (e.g., companies) when getting to understand 
economic, and perhaps even personal, struggles that kept them from adequately addressing ethical 
challenges. Such sentiments could also develop into anger. Clearly, such emotions need proper 
management by the instructors in order to detect, address, and mitigate unwanted effects. This adds 
to the complexity of this type of case-based instruction, which indeed requires further research.

Repositories of engineering ethics case studies

Having discussed various theoretical aspects of employing case studies for engineering ethics edu-
cation, challenge-based learning, role-playing, and making emotional processes explicit as three 
highly practical approaches, we follow up with a short but lightly annotated list of repositories and 
resources for getting started. The list is not exhaustive and does not present a consistent resource 
from which one could simply mix and match cases to build one’s syllabus. However, we perceive 
the value of referencing these repositories as showcasing the breadth of styles and content to which 
case-based instruction could adhere.

• The ‘Engineering Ethics Toolkit’ of the Engineering Professors Council (https://epc .ac .uk 
/resources /toolkit /ethics -toolkit /ethics -toolkit -case -studies/): The case studies section fea-
tures a range of topics to which respective disciplines, overarching ethical issues, and stu-
dent levels are assigned. Disciplines range from mechanical, electrical, energy, and nuclear 
to civil engineering, while issues are listed as sustainability, honesty, integrity, corporate 
social responsibility, accountability, justice, and public health, among others. Each case 
is accompanied by learning and teaching notes, further resources, and academic and non-
academic literature. Cases are presented as brief dilemmas, split into parts, and are accom-
panied by suggested questions and activities. An enhancement is available for some cases, 

https://epc.ac.uk/resources/toolkit/ethics-toolkit/ethics-toolkit-case-studies/
https://epc.ac.uk/resources/toolkit/ethics-toolkit/ethics-toolkit-case-studies/
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increasing the respective case’s complexity. All work is licensed under Creative Commons 
Attribution-ShareAlike 4.0 International Licenses.

• The 4TU Centre for Ethics and Technology’s ‘Engineering Practise Cases’ hosted on the 
‘edusources’ platform (https://edusources .nl /en /collections /bc0c75e4 -0bcd -4e26 -ad8e 
-78498643d868): Currently 20 cases are available for download, with topics ranging from 
autonomous driving to offshore drilling and ethical issues ranging from transparency and 
professional responsibility to, for example, bias. The materials range from longer cases with 
elaborate descriptions and task suggestions to quite brief vignettes.

• The Online Ethics Center for Engineering and Science, particularly its ‘Resources’ subsec-
tion on ‘Collections’ (https://onlineethics .org/): This diverse list of resources includes col-
lections from specific problems in research ethics to biographies of noteworthy role models 
in engineering and science. This is not an ethics case repository per se, but rather a meta-
repository linking to further, mostly specialized, repositories.

• The Markkula Center for Applied Ethics at Santa Clara University’s ‘Ethics Cases’ reposi-
tory (https://www .scu .edu /ethics /ethics -resources /ethics -cases/): The repository contains 
cases from various disciplines beyond technology often associated with innovation. Case 
descriptions are brief, linking a few articles on the referenced real-world event. Discussion 
questions usually follow the case.

• The Princeton ‘Dialogues on AI and Ethics Case Studies’ (https://aiethics .princeton .edu /
case -studies/): The Princeton ‘Dialogues on AI and Ethics Case Studies’ adhere to five guid-
ing principles (empirical foundations, broad accessibility, interactivity, presenting/requiring 
multiple viewpoints, and depth). Six case studies are available with comparatively elaborate 
dossiers, successive discussion questions, explicit potential ethical objections, and a sepa-
rate section on reflection and discussion questions aligned with ethical principles/issues.

• The Mason Technology Ethics ‘Role-Play Case’ repository (http://www .ist .gmu .edu /eecl /
techethics /rps -cases .html): Four cases are compiled and tailored specifically to let students 
engage with the matter in a role-playing style.

• The ‘Role-Playing Exercises’ from the Science Education Resource Center at Carleton 
College (https://serc .carleton .edu /introgeo /roleplaying /index .html): This webpage provides 
role-playing exercises, information for instructors, and a collection of currently 28 role-
playing scenarios. The resources and role-playing exercises are all centered around topics 
related to the Earth system, ranging from the atmosphere to oceans and Earth history. Roles, 
suggested ways of preparing the role-playing, and assessments are tailored to the specific 
cases.

Conclusion and further discussion

We have provided an introduction to teaching engineering ethics by using case studies, employ-
ing a wide-arching interpretation of the concept of a case. From a Neo-Kohlbergian point of view, 
the main point lies in guiding students through enhancing their moral sensitivity (as their ability 
to recognize ethically salient conditions), their moral judgment (as the ability to reason morally 
based on relevant values or principles), their moral motivation (as the ability to prioritize moral 
over other values), and their moral character (as the ability to follow through). Cases are employed 
via tasking students to make decisions in real or hypothetical situations, researching background 
information, and engaging with various perspectives. At this point, a different emphasis on learn-
ing goals is typically determined by choosing between highly complex and indeterminate case 
studies or simpler vignettes with less veracity. Beyond the many ways in which case-based instruc-

https://edusources.nl/en/collections/bc0c75e4-0bcd-4e26-ad8e-78498643d868
https://edusources.nl/en/collections/bc0c75e4-0bcd-4e26-ad8e-78498643d868
https://onlineethics.org/
https://www.scu.edu/ethics/ethics-resources/ethics-cases/
https://aiethics.princeton.edu/case-studies/
https://aiethics.princeton.edu/case-studies/
http://www.ist.gmu.edu/eecl/techethics/rps-cases.html
http://www.ist.gmu.edu/eecl/techethics/rps-cases.html
https://serc.carleton.edu/introgeo/roleplaying/index.html
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tion contributes to the above learning goals, utilizing cases from domains students are likely to 
experience in their later professional work will also help in tackling the problem of transfer, that 
is,the difficulty of endowing students with the ability to apply knowledge from the classroom to 
the outside world.

We have discussed challenge-based learning as a promising candidate for achieving this by 
bringing in external stakeholders who offer their technological or business approaches as real-
world cases to be analyzed and discussed. We have presented a range of aspects to consider when 
tailoring a challenge-based-learning-flavored pedagogy towards the Neo-Kohlbergian learning 
goals. Additionally, we have presented the basic modes and advantages of an alternative way to 
introduce cases by using role-playing. Such exercises in perspective-taking – among other things 
– require learners to empathize. Accordingly, as a third practically important aspect to consider 
when using case-based ethics instruction, we have constructively elaborated on the emotional 
content of cases. Making the emotional side of ethics explicit means contributing to learners’ 
perspective-taking and emotional regulation skills. We have also provided a brief and lightly anno-
tated list of current ethics case repositories to get instructors started with designing or refining their 
own case-based engineering ethics courses.

We feel that the issue is highly pressing, as engineering ethics education must focus on substan-
tiating the relevance of ethics in engineering practice in what is, perhaps, a period of unprecedented 
urgency. Engineers should take their power to bring ethical quandaries to others and perhaps even 
the general public’s serious attention. Similarly, engineers should be aware of and carefully handle 
their power to make ethically salient and relevant decisions. Engineering students need a chance 
to learn and practice these skills. Choosing highly relatable topics or even letting students have a 
choice within a selection of case-study subjects represent worthy first steps.

Portrayed from a different angle, we purport that it is not the aim to turn engineering students 
into ethicists. On the other hand, it is of utmost importance to demand that engineers be willing and 
able to communicate about moral hazards and the values that are implicitly or explicitly pursued 
when working towards some particular remedy, that is, innovation. Correspondingly, engineering 
ethics education must work towards endowing the skills that make developers able communica-
tors and reflective personalities about their own ethical agency, such that their intent and methods 
can be openly debated and – possibly – challenged or supported. Case-based engineering ethics 
education appears to be highly useful, as it hones attention to the details that can influence ethical 
assessments and cultivate a methodical – and perhaps, ideally, participative – approach to analyz-
ing a particular, and potentially highly complex, situation.
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Introduction

The importance of ethics in engineering has emerged in codes of conduct at national and inter-
national levels, including codes of the National Society of Professional Engineers (NSPE), the 
European Federation of National Engineering Associations (FEANI), the Institute for Electrical 
and Electronic Engineering (IEEE), and the Accreditation Board for Engineering and Technology 
(ABET). When such codes of conduct and standards are incorporated into engineering education 
practices, they inevitably differ in emphasis. Thus, there is a need for a collective and global vision 
of ethics in engineering education and research (Martin et al., 2023). Moreover, the ethical codes 
used by organizations like the NSPE are often expressed negatively, using terms such as ‘not’ and 
‘only’ and might be referred to as ‘preventive ethics’ (Harris, 2008, pp. 153–154).

Osbeck et al. (2018) have highlighted the risk of neglecting the contextual, situational, and 
knowledge-related aspects of ethical competence. The contextual aspects relate to what Herkert 
(2001) has termed macro-ethics, which apply “to both the collective social responsibility of 
the engineering profession and to societal decisions about technology” (Herkert, 2001, p. 404). 
Conversely, micro-ethics relate to individuals’ ethical decisions and the engineering profession’s 
internal relationships (Herkert, 2001). Combining these two definitions provides a comprehensive 
approach to ethics in engineering education.

Bringing such a comprehensive understanding of ethics into teaching will increase the com-
plexity of integrating ethics into engineering education. Adding to this complexity is the con-
stantly changing nature of the engineering field’s ethical concerns. Although there has been an 
increasing focus on including context in engineering education, this is not a typical consideration 
in traditional engineering ethics (Barry & Herkert, 2014). According to Elliott and June (2018, 
p. 32), an open question is whether ethics education meets students’ needs considering the ethi-
cal dilemmas of a changing world. Meeting these needs requires dynamic educational models 
that embrace contextual and situational requirements, as well as a flexible curriculum that allows 
students to reflect on and react to current societal challenges; for example, exploring the use and 
prospects of emergent technologies like artificial intelligence (AI) or the grand challenge of foster-
ing more sustainable societies.

Henrik Worm Routhe, Jette Egelund Holgaard, and Anette 
Kolmos

21
EMBEDDED ETHICS IN 

PROBLEM DESIGN
The case of problem-based learning 

in engineering and science

Henrik Worm Routhe, Jette Egelund Holgaard, and Anette Kolmos

Embedded ethics in problem design

DOI: 10.4324/9781003464259-26
This chapter has been made available under a CC-BY-NC-ND license.

10.4324/9781003464259-26

http://dx.doi.org/10.4324/9781003464259-26


Embedded ethics in problem design 

379

Embedded ethics in problem design

There are several dimensions of problem- and project-based learning (PBL). One dimension 
considers how much influence students have on their own learning processes. In a teacher-driven 
PBL environment, the problem is designed for students, whereas in a student-driven environment, 
students identify the problems their work will address within a given framework (Kolmos & de 
Graaff, 2014; Kolmos et al., 2009). According to Barry and Herkert (2014), PBL can be viewed 
as an alternative to case-based instruction, the most common pedagogical method in engineering 
education. Yet, these two approaches can be mutually supportive rather than contradictory. Indeed, 
case studies can help to provide a nuanced understanding of what a problem is before addressing 
a problem as a part of PBL (Børsen et al., 2021). Within its various implementations, PBL can 
include a student- or learning-centered approach, where problems are ill-defined; lectures may 
support but do not determine student projects (Kolmos & de Graaff, 2014). Together with the 
intended learning outcomes of the curriculum, the perceived relevance for society also has impli-
cations for the types of problems addressed in PBL (Habbal et al., 2024).

Some of the barriers in engineering education include what Newberry (2004) refers to as the 
‘technical gravity’ of the curriculum. In contrast to such technical gravity, a curriculum can extend 
the technical aspects of education by integrating contextual aspects and issues of student respon-
sibility. However, an open question involves how this integration occurs and becomes visible 
through the formal curriculum.

In this chapter, we seek inspiration from a PBL environment to characterize the intended learn-
ing outcomes of formal curricula. We assume that ethics in a PBL approach is not necessarily 
explicitly stated but indirectly embedded in the problem design and the problem types that students 
work with. We point at possible enablers of ethics in PBL, and with this outset, the objective is to 
exemplify ethics embedded in a PBL curriculum.

Positionality

All three authors have a background at Aalborg University, though following different trajectories, 
from a background in social science to engineering and engineering practice. However, as engi-
neering education researchers we all share a common interest in adapting engineering curricula 
to meet the challenges of the twenty-first century, including interdisciplinary competences and 
understanding the variation related to different contextual situations. As researchers at Aalborg 
University, a university established in 1974 with a problem-oriented and project-organized 
approach to teaching and learning, the scene for researching forms an excellent base for interdisci-
plinarity in combination with engineering education. From the beginning in 1974, the university’s 
pedagogy was based on German critical theory developed in the late 1960s and 1970s. During 
this period, several reformist universities were established with the idea that universities should 
develop a socially oriented perspective and integrate societal problems in their curricula. This 
created entirely new challenges for academia, as it represented a shift from a theoretical academic 
approach to a more societal approach in terms of market orientation and critical societal discourse. 
These early developments toward a new university culture would go on to serve as examples 
for the development of many other universities, in terms of the emphasis on competencies and 
skills, from the 1990s onward. In the 2010s, the university began working to integrate the United 
Nations (UN) Sustainable Development Goals (SDGs) in students’ learning. The case of Aalborg 
University is special, as the critical pedagogy was grounded and practiced before integrating ethics 
into engineering education became mainstream.

As researchers we work from a pragmatic view following a problem-based approach integrat-
ing the theories and methods needed to address the specific problem at hand and to point to appro-
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priate solutions. In other words, we carry out problem-based research. In this chapter, we have set 
out to address the problem of ethics being implicit in a PBL curriculum.

Ethics from a PBL perspective

Beyond the explicit mention of ethics in engineering education curricula, the theoretical frame-
work presented in this section attempts to conceptualize potential enablers of ethics. The speci-
ficity of PBL is that the problem is the point of departure, whereas the problem design and the 
problem type are the primary focus of the following. This is not to say that ethical considerations 
do not happen in the problem-solving phase, but problem-solving is seen as a continuous interac-
tion and contribution to the problem design, which is iteratively altered through the PBL process.

Problem design in a PBL environment

De Graaf and Kolmos (2003, 2007) have presented three approaches embedded in a PBL frame-
work: the learning, the content, and the social. The learning approach emphasizes that learning 
starts from and is organized around problems, which are exemplary for societal practices and 
change. The content approach concerns the disciplinary, interdisciplinary, and exemplary con-
tent, meaning that the problem can call for the combination of different knowledge combinations 
and is exemplary for the intended learning outcomes. The social approach embraces team-based, 
participant-directed aspects and considers learning a social act. Concerning participant-directed 
learning, it is important to note, though, that a PBL curriculum design must allow some space and 
freedom for the students to have the possibility to identify and analyze problems (Habbal et al., 
2024). Thus, the problem is grounded in a careful problem design process, which ensures that the 
problem and the way that the students address the problem matches the conditions of the above-
mentioned PBL approaches.

In this regard, Hung (2006) has developed the ‘3C3R model,’ a comprehensive model of prob-
lem design components for faculty to use. The three core components of this model include content, 
context, and connection (the ‘three Cs’). Connections “interweave (1) the concepts and information 
within the conceptual framework, and (2) content into context” (Hung, 2006, p. 61). The processing 
components include researching, reasoning, and reflecting (the ‘three Rs’), which concern the learn-
ers’ processes and problem-solving skills. Based on this framework, Hung (2009) presents a nine-step 
PBL problem design model intended to “help instructional designers and educators use the 3C3R PBL 
problem design model” (Hung, 2009, p. 123). The nine steps are as follows (Hung, 2009, p. 123):

 1. Set goals and objectives
 2. Conduct content/task analysis
 3. Analyze context specification
 4. Select/generate PBL problem
 5. Conduct PBL affordance analysis
 6. Conduct correspondence analysis
 7. Conduct calibration processes
 8. Construct reflection component
 9. Examine intersupporting relationships of 3C3R components

In his later work, Hung (2019) highlighted the affective aspects of problem design and further 
developed the second generation of the 3C3R PBL problem design model. This added a third 
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class of components related to the affective and social aspects of learning (Hung, 2019); namely, 
problem difficulty, teamwork, and affect. Hung’s comprehensive work – based on the interaction 
of core, processual, affective, and social components – seeks to inspire educational designers to 
design problems.

Holgaard et al. (2017) have also presented a framework to support students in designing their 
own problems as part of the PBL process. Based on Hung (2006) and others, five steps of problem 
design were defined (Holgaard et al., 2017, p. 1077):

 1. Relating to a theme to clarify boundaries (e.g., provided by the intended learning out-
comes)

 2. Mapping the problem field to screen for opportunities, challenges, and unknowns
 3. Narrowing down the problems to select one problem for further analysis
 4. Analyzing the problem and contextualizing to pinpoint specific motivations for action
 5. Formulating the problem to create the bridge between the problem analysis and problem-

solving process

It should be noted that the analysis of the problem context is emphasized in both process mod-
els described above for the design of problems. In this regard, Holgaard et al. (2017) further 
relate problem analysis to other types of analyses, including analysis within the fields of sustain-
ability and ethics, stakeholder analysis, actor analysis, and constructive technology assessment. 
Furthermore, Holgaard et al. (2017) conclude, based on an empirical study of students’ experi-
ences as problem designers, that a conceptual model for students’ problem design activities should 
draw attention to “the process of moving from a broad theme to an initiating problem and starting 
up a problem analysis” (p. 1083).

Regardless of the steps taken in the problem design process, and whether the students ‘own 
and direct’ the problem design process, the type of problem that emerges through the design has 
implications for the complexity of the problem design process.

Problem types and their implications for problem design

Holgaard et al. (2017) describe problem design as an exploratory process that considers the exist-
ing situation as well as arguments and possibilities for change. From this perspective, a problem 
can be understood as a discrepancy between what is and what could be. Jonassen (2011) charac-
terizes problems based on the extent to which they are structured, complex, contextual, dynamic, 
and domain-specific. In the following section, we elaborate on these problem types as dimensions, 
whereas ill-structuredness and dynamicity are merged under the term ‘integrated aspects of com-
plexity.’

The first dimension represents the simple versus the complex. Complex problems are ill-struc-
tured. Ill-structured problems provide multiple potential solutions and solution paths and unknown 
problem elements. An example of an ill-structured problem is the problem of self-medication, in 
which considerable effort must be given to the problem analysis to outline user needs. The prob-
lem design process is rather simple for structured problems, whereas it is multi-directional and 
time-consuming for ill-structured problems. As a result, numerous assumptions and limitations are 
typically involved in the problem design process of ill-structured problems to reach the problem-
solving stage.

Complexity also relates to the level of emergence and number of relationships embedded in a 
problem. As noted by Kurtz and Snowden (2003) in their view of complex problems:
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This is the domain of complexity theory, which studies how patterns emerge through the 
interaction of many agents. There are cause and effect relationships between the agents, but 
both the number of agents and the number of relationships defy categorization or analytic 
techniques. Emergent patterns can be perceived but not predicted.

(p. 469)

From this, it follows that a complex problem must be addressed dynamically through emergent 
practices if students are to perceive emergent patterns. It is not sufficient, or even possible, to ana-
lyze existing practices from a distance. Indeed, practices must include lived experiences interacting 
with the field, and engaging with knowledge providers and stakeholders. In other words, complex 
problems require students to be in the problem context, which adds an enactment dimension to the 
problem analysis as part of the problem design process. Complex problems are ‘wicked,’ where 
‘wicked’ refers to a state where it is simply not clear what the problem is, and likewise even less 
clear how to effectively intervene (Rittel & Webber, 1973). For example, a complex design prob-
lem for potential assistive technology for elder care might require students to experience daily 
practices (of, e.g., being at a nursing home) to enable them to understand how the technology can 
be of assistance. Another example of a complex problem is an emergent and unexpected biodiver-
sity loss, where it is not clear why this is happening or how to intervene most effectively.

On the other hand, simple problems are structured. They have prescriptive and known elements 
and a fixed or expected solution. A typical textbook math problem is an example, as the problem 
is clearly stated and includes all necessary information that must be employed in clear problem-
solving procedures to arrive at a fixed solution. Whereas structuredness describes problems in 
terms of the predictability of the problem space, complexity highlights interrelatedness in the 
problem space (Hung, 2016). Simple problems do not exhibit interrelationships between many 
elements, and “the objectivity is such that any reasonable person would accept the constraints of 
best practice” (Kurtz & Snowden, 2003, p. 468).

The second dimension, ‘from text to context,’ relates to the situation in which the problem is 
embedded. This dimension relates to the relative nature between text and context. In an educational 
curriculum, the ‘text’ relates to the delimited problem of what the specific engineering discipline 
can contribute to. In contrast, the context relates to what must be addressed in order to qualify the 
use of disciplinary knowledge. In other words, what is used as the text for a student in architecture 
and design might instead be the context for a student in civil engineering – and vice versa.

In engineering and science, the concept of context is also a way of acknowledging that techno-
logical artifacts are socially constructed and, therefore, closely interrelated with societal problems 
and social groups, as noted by Bijker et al. (1989). Societal problems also relate to the analysis of 
known and potential consequences, for example, through a constructive technology assessment 
(CTA), as elaborated by Rip et al. (1995). The problem analysis can be further expanded based 
on theories in Science and Technology Studies (STS), but this also increases the complexity and 
methodological span of a problem analysis.

The third and final dimension concerns domain specificity, which concerns problem-solving 
strategies specific to particular domains (Jonassen, 2011). To underscore the increasing interdis-
ciplinary aspects of problem-solving, we position problem-solving strategies that span multiple 
domains (interdomains) aligned with complex and contextual problems. For example, architec-
ture and design students and civil engineering students may work together to solve a problem by 
combining problem-solving strategies within their respective domains. The interdomain approach, 
reflecting an academic context of interdisciplinarity, aims to interrelate different types of epis-
temologies in the problem-solving process. Thus the problem design is open to much broader 
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problem formulations. Wenger (1998) has used the notion of ‘communities of practice’ (CoP) as 
a central aspect of social learning theory, presenting boundary-crossing as an essential element to 
explain the interactions between different CoPs.

To work in the inter-domain sphere, students – and educators – must remain open-minded 
and do considerable boundary work. It is not enough to ‘borrow’ from other knowledge fields to 
design a problem and then narrow it down to accommodate problem-solving processes within 
disciplinary bounds. Instead, the problem-solving process itself must become interdisciplinary. In 
an educational context, an interdisciplinary problem expands to encompass a combination of disci-
plines before the problem can be solved meaningfully. For example, in the case of self-medication 
above, the context of study might end up with limited insight into the psychological aspects of self-
medication. In a disciplinary project, students will view this as a project delimitation. In contrast, 
from an interdisciplinary problem perspective, they will view it as an opportunity to collaborate in 
a meaningful interaction with students from other disciplines.

Ethics in problem design and potential enablers of ethics

In the previous sections, we outlined that problems that are ill-structured, complex, and highly con-
textually dependent require assumptions, limitations, enactment, interventions, and, most likely, 
a move across established domains. We have also argued that this complicates problem design, 
as it becomes a multi-directional process governed by an overarching question: Who determines 
the problem, when and where, in what direction, and with which arguments? Overall, problem 
designers must consider the ‘right’ way to proceed, with the right arguments, and making certain 
assumptions.

The range of ethical concerns we see as related to problem design includes:

• Some problems are initially addressed; others are not.
• Some stakeholder interests are considered; others are not.
• Some success criteria are selected; others are not.
• Some solutions are addressed; some are not.
• Some impacts are assessed; others are not.
• Some trade-offs are accepted; others are not.
• Some project types are seen as appropriate responses to the problem; others are not.
• Some team members might agree on the chosen decisions; others might not.

These concerns not only activate moral values but also reflect the moral itself; thus, they become 
ethical questions. Furthermore, more explicit ethical questions might also be put forward, such as 
consideration of the ethical consequences of a specific emerging technology by carrying out an 
ethical constructive technology assessment (eCTA) as elaborated by Kiran et al. (2015).

Van de Poel and Royakkers (2011) have presented six categories of morals in the domain 
of engineering ethics, which are aligned with different goals for engineering ethics education: 
sensibility, analysis, creativity, judgment, decision-making, and argumentation. Based on an 
extensive literature review, Martin et al. (2021) further elaborate on this list, adding catego-
ries related to knowledge, design, agency and action, character and virtuous development, 
emotional development, and situatedness. Each category implies specific kinds of responsibil-
ity for students in a self-directed PBL environment, as exemplified in Table 21.1, while the 
responsibility of curriculum designers and teaching staff is to support students in taking on 
such responsibilities.
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One way that educational designers can support students is to introduce a systematic method 
of integrating moral problems into the problem design. Van de Poel and Royakkers (2011) have 
presented such a method which they term the ‘ethical cycle,’ which takes its point of departure in 
a case. In many ways, the ethical cycle recapitulates the problem design process described above, 
with its steps of problem identification, analysis, statement, and solution. However, the ethical 
cycle more explicitly requires ethical problem statements, evaluations as well as action. On the 
other hand, the PBL approach can initiate a series of built-in cases for ethical consideration, con-
templating these moral requirements.

Another way for educational designers to support and motivate students to engage with ethical 
considerations is to clarify that ethical responsibility and moral problems are among the intended 
learning outcomes in the curriculum. Ethics can be an explicit part of the curriculum delivered 
through explicit statements, or they can be explored indirectly via the establishment of an obliga-
tion for students to take ethical responsibility upon themselves (as exemplified in Table 21.1). 
In keeping with the desire to support and motivate students to engage with ethics, the authors of 
Chapter 26 present a framework for assessing the ‘ethical competencies and affective dispositions’ 
of students based upon the same ‘moral categories’ listed in Table 21.1.

Furthermore, we argue that PBL makes ethical considerations a team concern related to care 
ethics instead of a purely individual matter. In this way, the team structure becomes another factor 
enabling students to address ethical considerations; indeed, students might have the same duties 

Table 21.1  Examples of student responsibility in a PBL environment, based on the categorization made in 
van de Poel and Royakkers (2011)* and Martin et al. (2021)** 

Moral categories Examples of student responsibility in a PBL environment

Sensibility* Recognize and acknowledge ethical issues in problem design and problem-
solving.

Analysis* Incorporate an analysis of the underlying moral problems embedded in the 
problems addressed in relation to technology.

Creativity* Be open to alternative solutions and taking time to explore them from an 
ethical point of view.

Judgement* Work to understand all viewpoints and make an informed judgement based 
on transparent criteria.

Decision-making* Participate in team discussions, negotiate, and compromise toward a shared 
decision, taking into consideration different views of team members.

Argumentation* Justify one’s own actions regarding the project outcome, learning 
objectives, and professional identity.

Knowledge** Obtain knowledge of ethical theories, codes, and language and use these to 
inform moral arguments, judgments, and decisions.

Design** See moral considerations as an integrated part of the design and use of 
technological artifacts.

Agency and action** Engage with and contribute to the reshaping of the society for common 
good.

Character and virtuous 
development**

Be able to articulate one’s own virtues and use them to define the virtues of 
a team.

Emotional development** Endeavour to understand one’s own and others’ emotions, and how they 
can impact the project outcome and process.

Situatedness** Connect both technology and engineering practice to relevant contextual 
settings.
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in the context of a curriculum, but the negotiated virtues and values of the team are of high impor-
tance for coordinated action in the design and solving of a problem. To provide a complete picture 
of the factors enabling students’ ethical engagement, Figure 21.1 presents a theoretical framework 
for the empirical study to be discussed in this section. Four factors influence the problem design: 
problem complexity, context analysis, crossing domains, and teamwork. Moreover, curricula con-
siderations to the problem design itself will be considered.

In the following sections, we relate the factors enabling engagement with ethical concerns to 
examples of explicit and implicit ways to integrate moral and ethical considerations into the cur-
riculum. Our point of departure is the case of a university implementing PBL systemically at the 
institutional level, namely, Aalborg University in Denmark. The examples have been extracted from 
a comprehensive analysis of Aalborg University’s engineering and science education curricula.

PBL at Aalborg University

Engineering education programs at Aalborg University have included a course on Technology and 
Society, usually in the first year of study. Students learn to analyze problems from a societal per-
spective and, if possible, apply sociological or more action-driven methodologies. Over the last 12 
years, the integration of Sustainable Development Goals (SDGs) has been emphasized by focusing 
on problems in the area of sustainability. Students learn to analyze problems from a sustainability 
point of view and to identify related dilemmas in society. They are encouraged to recognize that there 
are moral issues related to each problem in society, including how we understand and analyze the 
problem, who the stakeholders are, and the values and worldviews underlying the chosen solutions.

Beyond PBL, Aalborg University is distinguished by its close collaboration with industry and 
its efforts to balance business and academic needs. Since 2023, the university has aimed to become 
a mission-driven institution, developing interdisciplinary competences through initiatives such 
as the formation of interdisciplinary teams consisting of groups or individual students from both 
STEM (science technology, engineering, and mathematics) and SSH (social sciences and humani-
ties) fields. In turn, this impacts the problems that students are given to work on. In addition, it has 
a vital role as an essential element in the cultivation of technical and non-technical excellence, as 
discussed by Harris (2008, p. 163).

Figure 21.1 Ethical enablers in a PBL curriculum.



Henrik Worm Routhe, Jette Egelund Holgaard, and Anette Kolmos 

386

The following section starts by exploring the study regulations and the curricular contexts of 
the Faculty of Engineering and Science and the Technical Faculty for IT [Information Technology] 
and Design at Aalborg University. Using the model illustrated in Figure 21.1, the curricula are 
analyzed and discussed accordingly.

Ethics discourses and enablers in the PBL curricula

The explicit use of the word ‘ethics’ is infrequent in the studied curricula; however, the activities 
mentioned implicitly indicate a comprehensive exploration of ethics. The curricula include ethical 
perspectives concerning energy, AI, chemistry, and techno-anthropology.

One example is that students exploring authentic technological case studies formulate techno-
logical dilemmas and use ethical methods to propose solutions, for example, ethical, technological 
assessment, and ethical scenario-building. This approach is consistent with the advice given by 
Jonassen et al. (2009, p. 235), suggesting that rather than explicitly teaching students about ethics, 
providing students with experiences of solving authentic ‘everyday’ engineering ethics problems 
may be more impactful.

Another approach is to include the notion of ethics together with other contextual components, 
for example, mentioning ethics alongside a societal and theory-of-science perspective. Other ele-
ments directly related to the notion of ethics include engineering science, technological development 
and use, responsibility, value-sensibility, future scenarios, privacy, trust, fairness, research implica-
tions, and change agency. Students are asked to understand, analyze, apply, evaluate, argue, discuss, 
construct visions and interventions, and further reflect on and contextualize ethical considerations, 
problems, and representations. Other requests are more descriptive, for example, asking students to 
describe the traditions of engineering, the engineer’s role in society, or ethical issues in engineering 
science. The descriptive nature of such requests implies that a given set of norms is followed.

Notably, there is a lack of attention to character, virtues, and emotional development regarding 
moral categories, as Martin et al. (2021) emphasized (which Chapters 26–31 of this handbook 
seek to address). The term ‘ethics’ describes a responsibility or orientation toward something or 
someone – not necessarily in the sense of positioning oneself in terms of morals and virtues. 
Furthermore, the domain of ethics is typically treated as comprehensive, as seen in the framing of 
courses such as ‘Technology and Ethics,’ ‘Ethics and Technological Intervention Processes,’ and 
‘Privacy and Ethics in Computer Systems’ – in contrast, ethical considerations are not explicitly 
connected to project modules. At the project level, ethics is more implicitly integrated by including 
opportunities to engage with ethical considerations.

Van de Poel and Royakkers (2011) noted that engineering is an inherently morally motivated 
activity. In contrast, ethics involves systematically reflecting upon morality and dialogically 
expressing what is perceived as ‘right’ and ‘wrong.’ In the previous sections, we have explored 
how moral opinions, decisions, and actions of students in a participant-directed learning envi-
ronment can open up discussion of ethical considerations (for more on reflective and dialogical 
approaches in engineering ethics education, see Chapter 25). The objective of the following sec-
tion is to provide a richer description of the factors enabling such integration of ethical thinking 
without the explicit mention of ethics – and discuss implications of these factors.

Problem design processes and problem complexity as ethical enablers

Some of Aalborg University’s curricula explicitly call for students to design the problems they 
will work with, for example, by setting as a learning goal the ability to provide a problem analy-
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sis, a problem statement, and perspectives relating to the context in which the problem is defined. 
Furthermore, some indications are made in the curricula of the types of actions expected from 
students in the problem design process – including the ability to justify, critically evaluate, and 
argue. The evaluation aspect implies that students should be able to assess the possible solutions 
they have identified to decide which is optimal. This decision-making competence is just as cru-
cial as any problem-solving competence and is highly complex due to the influence of numerous 
technical, environmental, social, economic, and ethical constraints (El‐Zein et al., 2008, p. 170).

Other curricula emphasize the importance of students being able to argue for the chosen solu-
tions, explain how they have narrowed an open problem space to something possible to complete 
within the given timeframe, and describe the potential of disciplinary contributions. It is explicitly 
stated that students must open the solution space themselves; this is an integrated part of the prob-
lem design process, as noted by Holgaard et al. (2017). In one example, the curriculum explicitly 
calls for a minimization of the proposed solution, which, inadvertently, might lead to a reductionist 
approach. Others direct students to argue for their choice of problem bounds – the chosen delimita-
tions. Byrne and Mullally (2014) highlight the necessity of challenging reductionist thinking and 
suggest that a broader and more contingent view of the engineer’s professional role is required. 
In either case, however, it remains somewhat unclear how the ‘narrowing down’ process is hap-
pening, and whether students are reflecting on the value propositions they make in this process.

Problem complexity is reflected in how students combine the various of aspects of a problem 
during the problem design process, particularly in relation to actors, organizational conditions, 
and institutional framings. Such a combination of aspects implies the ‘wickedness’ of the problem. 
Complexity can also be understood from a system perspective, in which the challenge is to narrow 
down a technological system. The system perspective includes a call for students to understand 
the relationships and interdependencies in a system. Complexity is also seen in the emergent pat-
terns considered in relation to future systems, within a comprehensive approach to emergent tech-
nologies. Some curricula explicitly state that students should be able to solve complex problems, 
although some make it clear that this is within disciplinary borders. Other curricula address the 
need to ‘futureproof’ solutions using methodologies such as scenario-building, life-cycle assess-
ment, and cost–benefit analyses based on a set of pre-defined criteria. The ethical question – which 
may, in fact, be a part of practice – is for the students to consider the ways in which these criteria 
are defined, and by whom. As stated by Bucciarelli (2008), however, learning about the social, 
organizational, and even political complexities of practice may be a more fundamental prerequisite 
for students but without neglecting ethics in engineering education.

Ethics enabled by teamwork and boundary-crossing activities

Interpersonal reflections provide a way to nurture students’ awareness of personal virtues. One 
example is a request for students to participate actively, collaboratively, constructively, and criti-
cally in order to develop communicative solutions with a specific focus on culture and values. 
Some curricular requirements highlight students’ ability to reflect on their own role in a team, con-
sider group dynamics, identify their own and others’ competencies, and reflect on their individual 
and collaborative learning processes. The process of developing this awareness is a component of 
developing team norms within a group work context, which the curricula explicitly name as an 
objective of group projects. In some cases, the study regulation (i.e., syllabus or project brief) calls 
for students to demonstrate specific virtues in the context of teamwork (e.g., to be tolerant and 
resilient). Concerning project management, students are encouraged to be analytical and forward-
looking. For example, students may be instructed to analyze how their team organizes its work in 
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order to identify strengths and weaknesses in their approach and, based on this analysis, provide 
recommendations for enhancing teamwork in the future. This implicitly calls for the team to set 
specific analytical parameters and evaluation criteria. These are examples of what Conlon (2008) 
refers to as generic competencies, which are non-technical competencies (like communication, 
project management, leadership, and teamwork) that help make engineers more effective and engi-
neering students more prepared for future management tasks.

The importance of a boundary-crossing perspective is highlighted to students via activities 
that involve collaboration across teams. The recognition of different disciplinary languages is also 
emphasized, most often by requesting students use the language of a particular discipline. Other 
activities ask students to recognize specific academic norms within their field of study, which 
implies that someone (e.g., a facilitator) is actively defining those specific norms. From a broader 
perspective, there is an explicit discussion of interdisciplinary work in the curricula, but the level 
of interdisciplinarity called for is often left open to interpretation. This overall situation reflects 
Nair and Bulleit’s (2020, p. 71) argument that engineering ethics should be taught in a way that 
embraces interdisciplinary thinking, including the recognition and use of disciplinary knowledge 
from beyond engineering within the practice of engineering ethics.

In addition, connections to the professional sphere are made in the curricula by emphasizing 
the importance of concepts, models, methods, and techniques that are relevant to professional 
teamwork. There are examples of discussions of organizational cultures, structures, and decision-
making, and in some cases, the interdisciplinary and cross-departmental perspective is put on the 
same footing. A question that emerges here involves how the difference between the two types 
of boundary-crossings, in terms of disciplines and professions alike, can ease the transition from 
engineering education to the workplace. Another open question involves what students expect of 
their future workplaces and whether integrating such reflections and awareness into the curriculum 
will benefit students professionally. Discussing engineering virtues and what characterizes a ‘good 
engineer’ (Harris, 2008) could be a point of departure to connect the educational domain with the 
professional domain.

Contextual analysis as ethical enablers

A contextual analysis moves technological considerations to the societal level and emphasizes 
grand challenges such as sustainable development. As Aalborg University has embedded con-
textual learning and exemplarity in its PBL model, the curricula are especially rich in this aspect 
related to the problem design and problem-solving processes. Overall, however, there are two 
broad types of curricula: one is focused on integrating specific technologies into contexts, while 
the other (examples of which include curricula related to design) takes an inherited and integrated 
approach to contextual factors. In other words, they are part of the ‘text.’ Although historical, 
political, cultural, and philosophical contexts are mentioned, along with considerations to the the-
ory of science, the most frequent reference to context is societal – and, more implicitly, a business 
context. As a part of the societal context, the consideration of various actors and sustainability are 
recurring themes.

Discussions of sustainability and ethics are often connected to and embedded within each other 
(Chance et al., 2021, p. 94). Sustainability is also an integrated part of most of the engineering cur-
ricula at Aalborg University, using a variety of approaches. Some intended learning outcomes focus 
on the calculation of environmental impacts; others focus on sustainability standards; still others 
focus on designing and re-designing for sustainability. Reference to the United Nations’ SDGs is 
also present, either with explicit reference to specific goals or as a broad guideline for alignment 



Embedded ethics in problem design 

389

with the goals as a whole. Keywords are ‘work environment,’ ‘ecology,’ ‘eco-systems,’ ‘safety,’ 
‘circular economy,’ ‘life-cycle assessment,’ ‘principles for sustainability,’ and, more broadly, the 
‘interplay between humans and nature.’ Students are expected to analyze, assess, discuss, design for, 
and reflect on various aspects of sustainability. For example, students are asked to evaluate trade-
offs between environmental, social, and economic sustainability. Further, globalization is often 
discussed as an essential societal consideration in decision-making regarding options for develop-
ment, with attention to both local and global consequences. This approach reflects the importance 
of global awareness for engineers, as discussed by Nair and Bulleit (2020), who recommend a focus 
on how human well-being in the local context may be affected, not only from a market perspective.

Market-driven discourse, as described by Jamison et al. (2014) is also present, and issues such 
as competitiveness and socio-economics on the micro-, meso- and macro-levels are mentioned. 
Another discourse related to the business context involves entrepreneurship and students’ ability 
to work in a commercial value-oriented approach and to address business cases and models, which 
include value propositions. For example, students should be able to understand and create a busi-
ness case for a given technological system and must evaluate the effectiveness and applicability of 
certain technologies. In this case, the importance of establishing criteria is implicit.

Students are also asked in some curricula to identify and engage relevant actors in the assessment 
of technological consequences, which gives the students the responsibility of evaluating what and 
who is relevant in the given context. Students’ ability to assess conflicts of interest is also mentioned 
in the curricula. In some cases, students are expected to make actor analyses using specific approaches 
like actor network theory (ANT). Engagement with users is specifically highlighted through princi-
ples of design, for example, co-design or participatory design. Other actors are mentioned in relation 
to societal responsibility, including researchers, experts, professionals, and companies. The goal of 
these requirements is to help students recognize that the problem-solving process is a community 
activity that must involve input from all involved parties (Nair & Bulleit, 2020, p. 71). Research 
indicates that engagement with users and stakeholders can enhance students’ ethical sensitivity and 
reflexivity while also stimulating ethical decision-making in the design process (Corple et al., 2020).

The contextual factors related to sustainability, market orientation, and the cast of actors 
involved are numerous, as are the interdependencies between them; a significant amount of deci-
sion-making is thus necessary in the problem-solving process. This might present a challenge to 
students’ critical and holistic thinking and stimulate their engagement with the ethical considera-
tions embedded in the sustainability and market discourse. Furthermore, disciplinary framings, 
which are continuously referenced throughout many of the curricula, might also challenge stu-
dents’ motivation to work in an interdisciplinary context.

Curricula frequently refer to society as a context, as a framework condition, and/or as an object 
of technological implications. At the same time, however, it remains open for students to define the 
societal aspects of a problem and proposed solution, and the ‘relevance’ of the problem is often used 
as a criterion. This suggests that students are left with the challenge of deciding what is relevant, and 
although implicit, this carries considerable learning potential for ethics in engineering education.

Final remarks

Even if there is no explicit learning outcome regarding ethics in a given engineering curriculum, 
students can implicitly learn to analyze, understand, and resolve a range of ethical issues inherited 
from the involvement of stakeholders, collaborative behavior, and the impact of developed tech-
nologies. However, although the curriculum may open doors for such ethical considerations, the 
implicitness of ethics might impede students’ transition from the problem design cycle in a tech-
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nological context to the ethical cycle. This transition would enhance students’ specific attention to 
moral considerations and actions. The question is how much emphasis on ethical theory, methods, 
and mindset is needed for educators and students to integrate ethics throughout engineering edu-
cation. This chapter intends to argue for exploring the depths of possible ethical considerations 
implicitly present in a PBL environment. The currently implicit opportunities for ethical thinking 
must be studied further to fully examine their associated learning potential, and it might not be 
sufficient to expect students to enter these openings independently. Rather, ethics in engineering 
education must be scaffolded and deliberately nurtured.
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Introduction

Value-sensitive design (VSD) and other values-based design approaches are advanced as means for 
creating better technologies, that is, technologies that support human values (Friedman & Hendry, 
2019; van den Hoven et al., 2015). But so too do these approaches have considerable educational 
potential which, while observed by others (Cummings, 2006; Eriksson et al., 2021; Rocco et al., 
2022), has received far less attention. In this chapter, we propose VSD as an effective approach 
for teaching ethics in design and engineering education and thus a way to cultivate designers and 
engineers who are socially and ethically responsive and responsible in their (future) work. VSD 
and other values-based design approaches explicitly consider values (e.g., privacy, dignity, sus-
tainability) expressed using technology. Through teaching these methods, we teach designers and 
engineers to think about values in the various stages of technology development so as to create 
better technologies, and in so doing, to interrogate what ‘better’ means and for whom, and how to 
achieve this. We mean to emphasize VSD as an approach to learning by doing, a formalized but 
flexible process for the continuous work of designing and engineering better technologies. So, too, 
can VSD offer educators a highly flexible and open-ended approach for equipping students to think 
more carefully, comprehensively, and inclusively about how the things they make, and the ways 
they make them, impact others.

This chapter invites teachers to explore VSD’s educational offerings and possibilities: we aim 
to introduce VSD to those unfamiliar and provide ideas and perspectives to deepen the knowledge 
of those with more experience. We consider the VSD literature an excellent resource for teaching: 
methods, critiques, and a wide array of examples and applications can be found in various fields and 
domains, much of which is accessible to engineering and design students. For this reason, this chap-
ter draws on research and developments in VSD, values in design, and education-specific research, 
questions, and issues. We begin by introducing the key ideas and methods of VSD and introducing 
an example we drew from the literature and developed by working it through our chapter together. 
The example functions in two main ways: First, we use it to demonstrate key strategies for teach-
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ing VSD we take to be useful for teachers. Second, the example shows the generative possibilities 
of teaching VSD, as it is through developing this example for teaching VSD that new possibilities 
open up. Through the example, we consider the treatment of values in engineering and design 
classrooms, cover specific strategies for teaching VSD, and suggest methods for assessing VSD and 
the teaching aims we have suggested – of cultivating responsible engineering and design students. 
We conclude the chapter by turning to some critiques of VSD to highlight emerging work that also 
pushes VSD and its educational potential in new directions. Given the broad applicability of VSD to 
various classroom styles and settings, we have aimed at a level of generality in writing this chapter. 
We encourage instructors to maximize VSD’s flexibility and open-ended nature by experimenting 
and adapting the methods and strategies presented here to best suit their classrooms and students.

We, the authors of this chapter, all have experience teaching values-based design to engineering 
and design students in the United States or Europe, coming to this from different academic back-
grounds – philosophy, user-centered design, information management, education, and human–
computer interaction.

Where to start with VSD?

 Friedman et al.’s “Value sensitive design and information systems” (2008) is a natural starting 
place as a key paper that provides an introduction and overview useful for newcomers and acces-
sible for students. The authors introduce VSD as a “grounded theoretical approach to values in 
design” (Friedman et al., 2008, p. 69), explain its methods, and propose 13 values with ethical 
relevance for design systems.1 Although this paper, like most of the VSD literature, does not posi-
tion itself in terms of teaching or education, it provides an excellent starting resource for introduc-
ing students to VSD. The list of values and accompanying definitions and descriptions acquaint 
students or other readers less familiar with values with what they are, and three detailed examples 
illustrate how these values take shape through technologies. This is also a starting place for this 
chapter. After briefly introducing VSD’s main ideas and methods in the next section, we return to 
an example from the paper by Friedman et al., which will then reappear throughout the chapter, 
demonstrating how examples can be put to use for educational purposes in encouraging the devel-
opment of responsible engineers and designers.

Main ideas and methods

Value-sensitive design understands technologies as value-laden: whether software, bridges, or the 
screen or page you read this on, technologies are designed with particular uses and aims, and so 
are invariably shaped by values. This means that designers and engineers, whether they mean to 
or not, embed values into the things they make. VSD is a leading approach for acquainting – or 
sensitizing – engineers and designers with values, and further, guiding how they engage values 
more deliberatively, comprehensively, and with the involvement of stakeholders in engineering 
and design processes (Davis & Nathan, 2015; Friedman & Hendry, 2019).2 The insight that val-
ues are expressed in technologies, whether or not their designers or engineers gave any thought 
to these values ahead of time, is important for design and engineering students who often view 
technology as neutral with respect to values. That VSD as an approach helps students recognize 
and understand how values can be embedded in technologies, rather than just that they are, makes 
it especially useful in educational contexts for challenging the pervasive idea of technologies as 
neutral tools.
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Methodologically, VSD takes the form of (1) conceptual, (2) technical, and (3) empirical inves-
tigations, which are complementary and should be mutually reinforcing, but can be done separately. 
That they can come apart makes VSD an attractive approach for teaching, as even partial methodo-
logical efforts can help students appreciate the value-ladenness of technologies and the manifold 
challenges and opportunities this introduces. Conceptual investigations explore what values are at 
play, how values might be impacted by a specific technology, and for whom. Conceptual investiga-
tions will often draw on theoretical or normative frameworks to determine relevant values, under-
stand the meanings of these values, and identify the ways in which their meanings have changed. 
This can be done in a typical classroom setting, through examples, brainstorming, and discussion, 
using existing lists of values in VSD toolkits or in codes of conduct, for instance, and drawing from 
existing VSD literature for specific domains, technologies, or values. Empirical investigations use 
social science research to interrogate how, in practice, stakeholders experience values in a specific 
technology or design. Methods can be qualitative or quantitative, determined by what best suits the 
stage and needs of the project; focus groups, surveys, interviews, and behavioral studies are typi-
cal. Empirical investigations can bring to light how stakeholders respond when conflicts arise, and 
such investigations are needed to determine if a design, in the real world, with real stakeholders, 
supports intended values. Because of this, empirical investigations are difficult to achieve in class-
room settings where opportunities to see a design in practice, or to survey real stakeholders, may 
be extremely limited. Nevertheless, partial and modified empirical investigations are possible.3 
Technical investigations focus on designing or adapting a technological artifact to be responsive to 
values and stakeholder contexts drawn from the conceptual and empirical investigations. Technical 
investigations turn the attention to the technology itself to see how it is or isn’t supporting intended 
values and what technological re-designs could constitute improvements.4

Conducting all stages of VSD’s methods isn’t possible in most educational settings. However, 
using examples – whether from the extensive VSD research literature or based on the specific 
educational context – is an essential and effective way to introduce VSD and involve students in 
thinking through its processes. We demonstrate this strategy by developing an existing VSD case 
to illustrate VSD concepts and teaching activities.

Example: the Augmented Window

We find the use of examples especially important in teaching VSD. Examples provide focal points 
for discussion and can bring to light for students how designs afford certain uses and values and 
close off others.5 Examples can be presented to students in a course simply via a case from existing 
literature others have researched (as we will demonstrate below), or might involve a physical or 
digital object for students to tinker with or re-design with specific values in mind (van Grunsven 
et al., 2023). Asking students to prepare and share (additional) examples of their own helps ensure 
that students’ diverse personal interests and study backgrounds are reflected in the classroom. The 
‘Augmented Window’ example could be presented in class by asking students to read (parts of) 
Friedman et al. (2006 & 2008) or by introducing the salient points of the example to students in 
class, leading into discussion or group work. In this chapter, the example does double work. We 
refer to it repeatedly throughout the chapter to illustrate several methods for teaching and assessing 
VSD, but additionally, and more generally, it shows VSD as amenable to iteration and develop-
ment over time. The flexibility and dynamism of VSD make it especially useful for teaching in 
various contexts.

We will refer to an example originally presented in “Value sensitive design and information 
systems” (Friedman et al., 2008): the ‘Augmented Window’ example, which was discussed again 



Responsible eng & value-sensitive design 

395

in “The watcher and the watched,” Friedman et al. (2006). The Augmented Window comes from 
VSD research exploring social judgments about privacy related to surveillance and sensing tech-
nologies. In this case, Friedman et al. (2008) studied a scenario in which an office uses plasma 
screens to “continuously display the local real-time outdoor scene” (p. 77) of a nearby public 
plaza located on a university campus and frequented by the general public. Employees in offices 
with no view to the outside would effectively have a view to the outside through the ‘augmented 
window’ of the plasma screen in their office. As normal, passersby on the plaza would be visible 
to surrounding office workers with windows onto the plaza, but through this technology, so too 
were their images captured and broadcast by HDTV cameras onto the plasma screens for office 
workers whom they could not see. Friedman et al. (2008) initially investigated this case with 
productivity and creativity for the office workers in mind. The additional paper, “The watcher 
and the watched,” involves conceptual and empirical investigations into privacy that develop this 
example in more detail and serve as a very useful resource for teaching this case or similar ones in 
the classroom. Different notions of privacy as a socio-technological construct are presented, fol-
lowed by an empirical analysis of stakeholder views around privacy in the case of the augmented 
window technology. The difference in position and power between direct and indirect stakeholders 
is discussed, as are other dimensions: gender, cultural norms about privacy, when violations of 
privacy are more permissible (for instance, for security), when consent is needed, etc. As Friedman 
et al. (2008) suggest, this example opens discussions of indirect versus direct stakeholders, value 
conflicts, and how different data sources can inform empirical investigations.6

This example will help us illustrate how the methods of VSD can be adapted for the classroom. 
In returning to it throughout the chapter, we additionally hope to show how using a classic VSD 
example in an educational context breathes new life into it by opening it up to novel questions, 
approaches, and demands.

Teaching VSD

VSD is well-poised to serve as a formalized, active learning approach to ethics, especially since 
VSD is designed to be applied through an iterative, reflexive design process (Cummings, 2006). 
VSD offers a conceptual framework for practical investigations that can teach design and engi-
neering students to grapple with the real-world complexities of technology. However, VSD was 
developed in research and design contexts, and the development of education-specific resources 
for teaching VSD has lagged behind (Eriksson et al., 2021). In this section, we focus on teaching 
VSD. We discuss issues with introducing students to values, and then turn to three foundational 
VSD approaches, which we translate into an educational context.

Teaching ‘values’

Typically, in VSD, ‘values’ are defined as “what a person or group of people consider to be impor-
tant in life” (Friedman et al., 2008, p. 70).7 Even this broad definition can be challenging for stu-
dents – especially those encountering human or moral values for the first time and finding values 
discussions abstract and vague. Nevertheless, we suggest that VSD is an excellent approach for 
acquainting students with values. VSD doesn’t remain at a level of high abstraction but always 
uses concrete technologies to bring values into focus. Offering an example – of a technology 
where a value (or potential conflict) is salient – is a good way to begin. Turning again to the 
Augmented Window example, the value of privacy is likely to arise, and indeed, Friedman et al. 
(2006) addressed individual privacy in “The watcher and the watched.” Privacy, the authors claim, 
is “an enduring human value” (Friedman et al., 2006, p. 237) and is one students will have personal 
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experience and working knowledge of.8 We suggest that in this and all cases, thinking about the 
value through the technology at issue, in this case, through the Augmented Window, helps to make 
otherwise abstract ideas and concepts more concrete for students. Privacy is thus, in this case, 
understood through the “technological capture and display of people’s images” (Friedman et al. 
2006, p. 237) shown to others remotely.

Another strategy for teaching values is to consider in what ways design and engineering 
students may have encountered the notion of values in their education, lived experiences, and 
training for professional practice. Ethics in engineering has been legitimized through education 
accreditation organizations and software engineering professional organizations, which intro-
duce values and ethical principles in their codes of conduct or other guiding documents. Such 
codes describe how professionals should behave, approach creating systems, and strive to design 
and implement high-quality systems. For example, the Accreditation Board for Engineering and 
Technology (ABET) requires a student learning outcome of “an ability to recognize ethical and 
professional responsibilities in engineering situations and make informed judgments, which must 
consider the impact of engineering solutions in global, economic, environmental, and societal 
contexts” (Accreditation Board for Engineering and Technology, 2022). The Association for 
Computing Machinery’s ‘Code of Ethics and Professional Conduct’ mentions several values that 
resonate with VSD, including privacy, security, and confidentiality (Association for Computing 
Machinery, 2018).

Students may also engage with values when learning to elicit user requirements and assess soft-
ware quality or create design briefs. User requirements often encompass ways a system or product 
is meaningful to the user regarding functionality and value or refer to fundamental engineering 
quality requirements, such as robustness and security. In software engineering, the paradigm 
of value-based software engineering (VBSE) argues for the importance of considering values 
throughout software engineering principles and practices (Association for Computing Machinery, 
2018) and frames ‘value’ as an ultimate benefit of the project – as perceived by project stakehold-
ers – “whether tangible or intangible, economic or social, monetary or utilitarian, or even aesthetic 
or ethical” (Biffl et al., 2006, p. X). VBSE takes a practical approach to values, considering them 
as drivers in software engineering decisions that occur in management-oriented and software life-
cycle activities. Working from this framework and highlighting human or moral values is another 
approach for improving students’ proficiency with values.

Design students educated in the paradigm of human-centered design (HCD) focus their prac-
tice on designing for people and society (Meyer & Norman, 2020). However, they may assume or 
be taught that technology is value neutral. Meyer and Norman argue for design schools to teach 
students not just on the skills for creating polished design, but how to embrace and design for the 
complexity, frustrations, and tensions of the real world. Modern design students “must meet new 
ethical challenges that go along with an expansion into different global territories with different 
sustainability issues, different cultures, and different value systems” (Meyer & Norman, 2020, p. 
26).

Stakeholder analysis

A critical step in any VSD conceptual investigation is an analysis of those interested in or impacted 
by the technology and the relevant values they hold: the stakeholder analysis. Stakeholders include 
direct stakeholders, who will use the product, and indirect stakeholders, including project deci-
sion-makers and bystanders impacted by product use. The list of values can be based on empirical 
investigation, conceptual work by the design team, or values identified in existing VSD literature. 
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Table 22.1 shows the beginnings of a stakeholder analysis of the Augmented Window case. In 
the classroom, an instructor might introduce the case, asking students to create or complete a 
similar table using their knowledge, related literature, and possibly short interviews with univer-
sity students and personnel. Being able to distinguish between, and identify, direct and indirect 
stakeholders is an important learning outcome for students who may have previously focused their 
design attention on a narrowly scoped set of end-users and may not have considered how indirect 
stakeholders influence the adoption and impact of technology. Commonalities and differences in 
the students’ stakeholder analyses are useful to discuss together in the classroom.

As stakeholder values are identified and more deeply understood, value tensions within and 
across stakeholder groups become evident. For example, the Augmented Window may give 
employees an increased sense of community or gains in productivity, which all stakeholders 
likely value broadly, but not at the expense of the privacy lost when public spaces are surveilled. 
Therefore, it is essential for stakeholder analysis to be considered a living document that VSD 
researchers can enrich as they integrate their deepening knowledge through empirical investiga-
tions, group reflection, and class discussions.

We also suggest increasing student reflection on students’ own responsibilities and values by 
asking them to reflect on and include the research team’s values, as seen in Table 22.1. This aligns 
with Borning and Muller’s call for VSD researchers and designers to be more transparent and 
explicit about their values, methodological choices, and analysis (Borning & Muller, 2012). A 
shared and prioritized set of values is challenging to craft, yet is crucial because design action is 
guided by the character and responsibilities of the designer (Gray & Boling, 2016). The process of 
students considering, sharing, and negotiating project values greatly benefits from instructor guid-
ance, as teachers can draw from well-established value frameworks, such as Schwartz’s Theory of 
Basic Values (Schwartz, 2012).

Values hierarchies

Building upon stakeholder analysis, students benefit from a formalized approach to thinking about 
how values connect to or are translated into design. Such a translation is aided by the values hierar-
chy technique introduced by van de Poel (2013). A values hierarchy is a strategy for visualizing the 
relations between values, norms, and design requirements. It can be read from values downwards, 
with values specified into relevant norms, which are further specified into design requirements, 
or from design requirements upwards, where design requirements are for the sake of the specific 
norm, which is for the sake of the key value.

Table 22.1 Initial stakeholder analysis – Augmented Window

Type Stakeholder Key values Benefits Harms

Direct Office employees 
(watchers)

Productivity, health Connection, workplace 
comfort

Unease, distractions

Indirect Passersby through 
plaza (the 
watched)

Privacy, safety, 
autonomy

Witnesses if there is an 
incident

Loss of anonymity and 
privacy; feeling 
surveilled; lack of consent

Indirect Research team Ethical research, 
responsibility, 
reflection

Empirical research, rich 
understanding of 
values in technology

Probing sensitive issues 
related to safety, 
surveillance, consent
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Thinking again of the Augmented Window case, building a values hierarchy would work from 
the key values already identified in the stakeholder analysis (Table 22.1). While any of the named 
values could be used, productivity, the original value motivating the Augmented Window case, is 
a good candidate for illustration. For this value, norms for the work environment are indicated. 
Norms can be brainstormed based on the example (as in Figure 22.1) or involve research into health 
and safety requirements or empirical findings on productivity in the workplace. Relevant norms 
are then further translated, or specified, into design requirements for the Augmented Window. The 
values hierarchy in Figure 22.1 provides an initial sketch; much more detail could be elaborated, 
especially concerning specific design requirements per norm.

Students can create ‘values hierarchies’ for any value. Even constructing cursory values hier-
archies can help students get a better grip on values, as this technique works by turning values, 
which may be vague and abstract, into concrete, actionable requirements by connecting them 
to norms and then to design requirements. Including multiple values or stakeholders can also 
illuminate conflicts between values as they are translated into design requirements that may be 
inconsistent. (Already in Figure 22.1 we see a conflict between an imagined design requirement of 
having openable windows for fresh air and the use of a plasma display, substituting a real window. 
If expanded to include additional values, a values hierarchy would show conflicts between values 
of privacy and productivity.) Distinguishing between values, norms, and design requirements, and 
understanding the relationships between these, are key VSD intended learning outcomes that the 
values hierarchy technique helps students achieve.

Envisioning cards

Envisioning cards are another example of a VSD method useful for teaching. Nathan et al. (2008) 
proposed criteria – stakeholders, time, value, and pervasiveness – for envisioning systemic effects 
on persons and society. These were then formalized into 32 themed envisioning cards and accom-
panying toolkit (Friedman & Hendry, 2012). Each theme is accompanied with a tailored activity 
spurring designers to engage in actions such as think, identify, sketch, or act. The cards and activi-
ties together can engage students in directed and more purposeful ethics-based brainstorming than 
other ideation techniques.9
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In the Augmented Window example, students could pick an envisioning card they find rel-
evant and thought-provoking to discuss and share. A possibility could be “The Long Now,” which 
invites designers to think of long-term use of the technology, across generations and for people 
who would grow up with this technology. The power of the envisioning cards lies in their pro-
vocative design prompts. “The Long Now” prompts designers to sketch the interactions occurring 
over 5-year intervals as the technology and stakeholders shift over time. Another interesting card 
could be “Choosing Not to Use,” presenting the possibility of a deliberate choice not to use the 
technology. This card could raise important questions of who actually is in a position to choose 
not to engage, as indirect stakeholders caught on camera may not be able to make this choice for 
themselves. Student engagement with envisioning cards can lead to vibrant discussions alongside 
probing design work.

Additional resources

In addition to the teaching-focused suggestions already elaborated, many VSD resources and tool-
kits are available to educators to guide or scaffold teaching. The most extensive and programmatic 
set of resources is the Value Sensitive Design in Higher Education (VASE) program, which pro-
vides a pedagogical framework and teaching resources targeted towards university-level design 
and development programs. VASE identifies three core competency pillars: (1) Ethics and Values, 
(2) Designers and Stakeholders, and (3) Technology and Design, which the creators use to anchor 
design phases, defined as value theory, research, synthesis, ideation, and evaluation. In the VASE 
pedagogical framework, each pillar is mapped to 28 teaching activities with corresponding assess-
ment activities to support teachers in VSD teaching and evaluating students’ learning outcomes in 
value-sensitive ways (Value Sensitive Design in Higher Education, 2021). Resources can also be 
found through the University of Washington’s VSD Lab Cooperative10 and the Delft Design for 
Values Institute.11

Finally, we suggest that the teachers make use of the broad, multidisciplinary, and ever-grow-
ing research literature on VSD. A key resource is the Handbook of Ethics, Values, Technological 
Design (van den Hoven et al., 2015) for its range of chapters on designing for specific values 
(from ‘Human Wellbeing’ to ‘Presence’), as well as domains (from Economics and Fashion to 
Water Management). Conference proceedings and technical literature (especially from confer-
ences affiliated with the Association for Computation Machinery, e.g., the CHI conference on 
Human Factors in Computing Systems; Conference on Computer Supported Cooperative Work; 
Conference on Computers and Accessibility) are excellent places to look for VSD literature that 
is especially accessible for engineering students and that offer some of the most recent applica-
tions of VSD.

Assessment

When applying VSD to educate responsible designers, there is a need to not only teach students 
about values in design but also assess their learning (Eriksson et al., 2022). Using different assess-
ment forms that align with VSD teaching activities and support VSD-based intended learning 
outcomes (ILOs) can create a more substantiated VSD teaching and learning culture. The assess-
ment forms and activities thus need to provide students involved in design and technology with 
an awareness of the role values play in design. This section connects VSD teaching and assess-
ment activities to show how assessment of,   for, and as learning creates different opportunities 
for assessing values in design. Four different assessment forms (summative, formative, ipsative, 
and authentic) are introduced, and teaching activities from the above section are connected with 
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assessment activities developed specifically for teaching values in design, continuing to use the 
Augmented Window example for illustration.

Values-based teaching in education encompasses cognitive understanding as well as affective 
and behavioral components, requiring more than measuring knowledge or skills.12 This makes 
it challenging to develop standardized assessment criteria (Dann, 2014; William & Thompson, 
2008). Creating assessment methods that accurately gauge a student’s ethical decision-making 
process is challenging and requires assessment activities that focus on this process – which is 
not easily quantifiable or measurable. In addition, design is a practical discipline. Assessing how 
students translate their understanding of values into practical design processes and solutions is 
something that requires methods sensitive to the methodological characteristics and specific teach-
ing activities of VSD. Assessments focusing solely on, for example, theoretical knowledge may 
not effectively assess students’ ability to incorporate values into their design work (Dann, 2014; 
Friedman & Hendry, 2019; William & Thompson, 2008).

Overall, assessing students’ learning about values in design is complex due to the subjec-
tive nature of values, the abstract concepts involved, the multifaceted nature of assessment, and 
the ethical considerations of VSD. It requires thoughtful consideration and appropriate assess-
ment strategies to ensure fair and meaningful evaluation (Frauenberger et al., 2016; Friedman & 
Hendry, 2012; William & Thompson, 2008). To address these challenges in teaching, a combina-
tion of assessment methods can be used, including open-ended assignments, portfolio reviews, 
case studies, and peer feedback. This is to attain alignment between how teachers teach VSD and 
how students’ VSD learning is evaluated, as well as for teachers to gain a more comprehensive 
understanding of students’ learning about values in design. It is crucial to provide VSD-focused 
and operational assessment criteria that can foster open discussions, critical thinking, and self-
reflection among students (Hughes et al., 2014).

Below, using the VASE resource, we illustrate how concrete VSD teaching and assessment 
activities can be aligned to evaluate students’ learning. Here, the VASE teaching activities of listing 
stakeholders and their values (using stakeholder analysis), understanding value tensions (working 
with values hierarchies), and envisioning future scenarios (using envisioning cards) make use of 
the four complementary assessment types.

Summative assessment/activities assess students’ knowledge and comprehension of teaching 
material. Summative assessment refers to evaluating the student’s learning, knowledge profi-
ciency, or success at the end of the process in terms of their understanding, application, or critical 
analysis of design principles and ethical considerations. A VSD-relevant and sensitive summative 
assessment activity related to envisioning cards could be case-based assessment for responsi-
ble designers,13 where students are asked to focus on imaging potential consequences, long-term 
effects, and societal impacts through a value scenario that goes beyond what would normally be 
described as intended use. Students can then analyze the potential consequences of the case, using 
relevant envisioning criteria (including values) through a value scenario and provide suggestions 
for how to mitigate negative consequences (e.g., regarding re-design, further stakeholder dialogue, 
possible tensions) through re-thinking the design.

Formative assessment/activities support students and teachers in identifying and closing knowl-
edge gaps. Formative assessment promotes reflection about learning and teaching and charts the 
development of these processes over time. It is utilized by teachers to gain an understanding of 
their students’ current knowledge and skills to guide future and formative learning. Concerning 
the above example of working with values hierarchies, teachers can formatively evaluate students’ 
understanding of value tensions by having them write a reflective values report14 about perceived 
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value tensions within the case. Value tensions show how a product, system, or service, like the 
Augmented Window, can contain elements that compromise or undermine some stakeholders’ 
values. Students reflect on how identified value tensions relate to or emerge from the design’s 
values, how the values of different stakeholders may be at odds with each other, and why value 
tensions are important to consider.15 Formative assessment and activities are ideal for guiding how 
this knowledge affects students’ future thinking and practice.

Ipsative assessment/activities enable teachers to compare a student’s current work with pre-
vious work – either in the same field through time or in comparison with other fields. Ipsative 
assessment is a highly personalized form of assessment where progress is measured against the 
needs and goals of the individual, not in comparison to external standards or peers’ performance. 
As such, ipsative assessment activities focus on the student’s ability to describe changes within 
their acquisition of knowledge, concepts, ideas, beliefs, and facts related to working with values 
in design. A personal values-reflection video16 is a useful method for ipsative assessment. Here, 
teachers can ask students to record a group video about stakeholder values with a focus on how the 
VSD analysis shifted students’ views on what being a responsible designer requires and how they 
might now approach design differently. To ensure alignment between the teaching and assessment 
activity, students should focus on how they now understand the diversity of possible stakeholders 
in new ways and how they can reflect on the possible consequences of considering diverse stake-
holders in ways they were not able to before.

Authentic assessment/activities emphasize the importance of contextualized design activities 
and assignments focusing on a problem identification that points to a ‘real-life practice’ wherein 
students must present their ability to translate and integrate their knowledge. The participation 
of stakeholders or people from an external community of practice often constitutes an essential 
premise for conducting authentic assessment. However, this might not always be possible. Here, 
students can use their emerging understanding and identity of what it means to be a responsi-
ble designer to engage in authentic assessment dialogues with each other. Teachers can facilitate 
authentic assessment through peer feedback for responsible designers17 by asking students to take 
on the role of VSD teachers and designers in relation to specific VSD assessment criteria applied to 
each other’s stakeholder analysis. In this assessment activity, it is important for the teacher to focus 
on the students’ abilities to capture and address the visible signs of learning through peer feedback: 
to think, act, and behave like a responsible designer.

In conclusion, using different assessment forms can create a more varied teaching and learn-
ing culture as well as enhance alignment between teaching and evaluating VSD. It is crucial 
to align assessment methods with teaching approaches and ILOs to effectively teach values 
in design. Even then, however, assessing students’ understanding of values in design presents 
unique challenges. Values are subjective and contextual and often involve complex and abstract 
concepts. Evaluating the students’ comprehension of ethical values requires more than meas-
uring knowledge or skills – it requires assessing their attitudes, decision-making processes, 
and practical application in real-world scenarios. By adopting the principles of assessment for 
learning and assessment as learning, teachers can create a more holistic approach to assessing 
students’ understanding of values in design. This demands an intentional and comprehensive 
assessment strategy that combines different assessment types and activities that are aligned 
with VSD teaching activities and ILOs, and that encourages student engagement, reflection, 
and critical thinking. By aligning assessment practices and criteria with teaching practices and 
ILOs, teachers can support and promote students’ understanding of values in design and their 
ability to apply them effectively in real-world scenarios and future professional practice.
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Extending VSD

The classroom setting provides an opportunity to adapt and refine VSD’s methods for teaching. 
We, as educators of future engineers and designers, have the responsibility to ensure that what and 
how we teach responds to the changing contexts and demands of their future work. We conclude 
the chapter by highlighting three critiques of VSD that, in our view, represent essential develop-
ments in the VSD literature and that pose rich educational opportunities. Here again, we use the 
Augmented Window example to show how established ideas and cases can be adapted and updated 
based on developments in the field.

Power

Accounting for power is not explicitly addressed in the VSD framework, beyond legitimizing 
direct and indirect stakeholders (Friedman & Hendry, 2019). This has been a point of recent cri-
tique (Jacobs et al., 2021). Even the act of deciding how to identify relevant values involves decid-
ing whose values to elicit. But this can also be limited, which the Augmented Window example 
aptly illustrates. Friedman et al. (2006) explicitly considered power dynamics in their research, 
inquiring about and contrasting the privacy beliefs of both the direct and indirect stakeholders, all 
of whom were people working at or present on a university campus. While directly relevant in this 
case and methodologically sound, choosing to engage people physically present on a university 
campus is a choice that may overrepresent socially privileged populations and fail to include popu-
lations whose perspectives are often not considered in technology design. This is especially rel-
evant in the United States, where communities of specific racial or socio-economic backgrounds 
are over-surveilled (Billies, 2015). Regarding power dimensions, this reveals a limitation of the 
VSD framework which makes the concrete technology the focal point: by homing in on this spe-
cific window operating in this specific location – a space of privilege – the researchers gained a 
robust understanding of privacy vis-à-vis the Augmented Window, but missed understanding how 
power dynamics determine who even features in this research and how conceptions of privacy may 
vary more broadly.

One approach that can address this shortcoming in VSD is to give voice to communities his-
torically underrepresented in design and technology initiatives. Research on the experiences of 
autistic students in higher education, a setting in which autistic students experience lower gradu-
ation rates than neurotypical peers (White et al., 2016), demonstrates this approach. Rather than 
interviewing faculty and neurotypical students, Zolyomi et al. (2017, 2018) interviewed autistic 
students and disability services staff in higher education to understand the dynamics of class-based 
teamwork from the perspective of neurodivergent students and those who directly support them 
with disability services. Based on interview insights, key values of autistic students were identified 
as freedom from stigma, individual comfort, social comfort, social connection, and team cohesion. 
Investigating the more dominant stakeholders in higher education would elicit different values and 
value tensions.

The decisions regarding how to account for power relations highlight the responsibility of 
researchers to practice reflexivity. VSD researchers can describe their own positionality, reflecting 
on the influence of their lived experiences and potential bias on their methodological choices and 
interpretation of data – as demonstrated in Alsheikh et al. (2011) and delineated as a researcher 
stance by Yoo et al. (2013). Bringing these considerations into the classroom trains engineers and 
designers from an early stage to be sensitive to who is represented, who has agency, and how 
power dimensions shape these and other aspects of design.
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Instructors can also prepare students to navigate issues of organizational power when using 
VSD in practice beyond educational environments. Many challenges to implementing VSD in 
practice are organizational. In other organizational and institutional contexts, students may work 
with others unfamiliar with VSD or may not have the social power to implement VSD on their own. 
There can be tension between an individual’s knowledge and desire to practice VSD, co-workers’ 
awareness of values as considerations in design, and ongoing organizational practices (Chivukula 
et al., 2020) – particularly in private industry when taking the time and resources to address values 
may be seen as conflicting with a company’s profit motive. Although the Augmented Window 
example project was conducted by a research lab explicitly interested in using and developing 
VSD principles, a team in a different research lab or private company could easily develop a 
similar Augmented Window focusing on its technical development or its potential as a profitable 
product. In those situations, a VSD-minded engineer would need to navigate the social dynamics 
of that team in order to convince others to follow a VSD approach.

This suggests that students should also learn how to navigate organizational contexts when 
attempting to implement VSD. Strategies might include having students view themselves as a 
‘values advocate’ to help educate others on a team or in an organization (Shilton, 2013); attend-
ing to the emotional labor often required to advocate for values within organizations (Su et al., 
2021; Wong, 2021); considering when they might choose to resist or conform with organizational 
norms when advocating for addressing values issues (Wong, 2021); understanding potential allies 
within an organization such as ‘ethics owners’ who may be more empowered decision-makers 
(Metcalf et al., 2019); or seeking support through community and collective action (Pillai et al., 
2022). Introducing these strategies in a classroom environment might use Authentic Assessment 
techniques and involve group discussions or role-playing, e.g. (Shilton et al., 2020).

Norms and multiculturalism

In addition to considering whose values to elicit, designers should also consider whose cultural 
norms are reflected in design processes. Much VSD literature suggests human values are or 
could be universal, aligning, for instance, with the United Nations’ Declaration of Human Rights. 
However, this perspective has been critiqued. JafariNaimi et al. (2015) argue that values are situ-
ated in people’s lived experiences and practices, and the expression of the same value may look 
very different in different times and places. For instance, conceptions and practices of privacy dif-
fer across regions and cultural backgrounds and are based on the use of online tools (Abokhodair 
& Hodges, 2019). Designers can attune themselves to these issues by working with people from 
diverse communities and backgrounds, considering multiple conceptions and dimensions of the 
same value – for example, Mulligan et al. (2016)’s ‘Analytic’ tool for privacy – by using tools 
that foreground consideration of multiculturalism (e.g., the multicultural envisioning card). Here, 
we suggest that education has a key role to play. Already pointing out cultural differences and the 
possibilities for bias as part of value conceptualization helps students reflect on their own posi-
tions and assumptions. Raising values as hypotheses (JafariNaimi et al., 2015) to be explored and 
investigated from various perspectives opens up VSD to more diverse and participatory practices.

Alternatively, Martin et al. (2023) propose norm-sensitive design, arguing that norms bet-
ter capture behaviors and avoid Western biases encoded in values-based frameworks. However, 
norms can also reinforce existing inequalities or arrangements of powers within a community 
(McDonald & Forte, 2020). The Augmented Window example, developed in the early 2000s, 
showcases these issues. Norms about recording in public spaces have changed such that people’s 
responses would likely differ (informed perhaps by more stringent data regulations or the prolif-
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eration of doorbell cameras). Discussing this case with students could illustrate how norms and 
values change even over relatively short timescales and how values are interpreted differently in 
different cultural contexts.

Multi-species VSD

The human-centered perspective in design and engineering privileges humans over all other spe-
cies but becomes inadequate in the era of the Anthropocene (Crutzen, 2006; Haraway, 2015; see 
also Chapter 6). We need new approaches in engineering education capable of engaging and caring 
for multiple species and environments, and where non-human beings are also considered users, 
designers, participants, and stakeholders of technologies. In addition to this being a ripe area for 
research, we suggest educators can contribute to opening up VSD to multi-species frameworks.

Speculative design presents a common approach for considering values and multi-species per-
spectives (e.g., Nijs et al., 2020; Smith & Qaurooni, 2020), and works well in educational con-
texts. Speculative design relies on speculation and proposition, aims to enact change, and can 
be useful for understanding future consequences and implications of the entangled relationship 
between multiple species, technology, and humans (Auger, 2013; Dunne & Raby, 2013). A hands-
on approach is to train students to adapt VSD methods to include multi-species perspectives in 
the design process, for example, by creating a set of non-human personas (Tomitsch et al., 2021) 
representing various species to be included as direct or indirect stakeholders. Non-human personas 
can be used to inform the initial concept design, to evaluate potential solutions, or to critique a 
design solution through the perspective of non-human stakeholders.

Like most other VSD applications, the Augmented Window is anthropocentric for considering 
only human stakeholders. But more deeply, it might exemplify VSD’s limited engagement with 
the non-human. VSD rarely considers non-human stakeholders in its processes. And this example 
shows that if non-human nature does feature, it is as something to behold, from indoors, some-
thing that might be instrumentalized (in this case, to increase worker productivity), not something 
to engage, or to design for or with. A multi-species interpretation of VSD would challenge this 
relation, urging that non-human perspectives and agencies are not only considered in stakeholder 
analyses but that new forms of engagement are developed, bringing multi-species actors into the 
design process. We believe this broadening of design and engineering is needed and that a multi-
species expansion of VSD in our classrooms can cultivate engineers and designers with the requi-
site attention and responsiveness for addressing mounting environmental crises.

Conclusion

We have advanced VSD as an approach for helping students develop sensitivity to values and 
stakeholders in the design and engineering practices needed to be responsive and responsible 
designers and engineers. VSD provides an excellent framework for teaching values through tech-
nologies in development. We have highlighted VSD’s open-ended and iterative nature, show-
ing how existing examples from the VSD literature can be further developed and how existing 
VSD tools and methods are fruitfully repurposed for teaching. We have also prompted teachers 
to respond to challenges posed to VSD to make the framework more responsive to power dimen-
sions, cultural differences, and non-human perspectives. We conclude with a final point of encour-
agement for teachers: while we have highlighted the educational potential of VSD for students, 
especially because of its flexibility and openness, VSD is also rewarding for teachers. As teachers 
using VSD in our classrooms, we have found it to be highly generative, allowing for experimenta-
tion, iteration, connections with research, and rich discussions with our students, who often come 
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to see technologies and their role in creating them in new ways. We hope this chapter motivates 
more educators to adopt and adapt VSD for their students.
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Notes
1 Human welfare, ownership and property, privacy, freedom from bias, universal usability, trust, autonomy, 

informed consent, accountability, courtesy, identity, calmness, and environmental sustainability.
2 Again, we direct readers and students to Friedman et al. 2008 for a more thorough introduction to VSD 

than we can provide here.
3 Possible strategies from our institutions include the use of online testimonials in healthcare technologies 

(van Grunsven et al., 2023) and Amazon reviews of voice assistants to analyze user experiences (Olya 
Kudina).

4 Andersen and Cawthorne (2021) use technical investigations to address educational challenges in value-
sensitive drone design.

5 Langdon Winner’s “Do Artifacts have Politics?” (1980) shows this through the famous example of 
Robert Moses’s low-hanging bridges and the far less famous example of the mechanical tomato har-
vester.

6 As well as their limitations: see Friedman et al. (2006).
7 This definition has been criticized: e.g., Manders-Huits (2011). Van De Poel (2015) provides a helpful 

orientation to values for engineers.
8 The extended stakeholder research and discussion in Friedman et al. (2006) can be used to illustrate the 

full extent of empirical investigations in VSD, or to supplement when conducting empirical investigations 
not possible in class.

9 Card decks can be downloaded and printed for free: https://vsdesign .org /toolkits/
10 https://vsdcoop .ischool .uw .edu /index .php /VSD _Coop
11 https://www .del ftde sign forvalues .nl /fundamentals/
12 See Chapter 27 for a detailed discussion of assessment and common learning objectives in engineering 

ethics.
13 See https://tea chin gfor valu esin design .eu /A9 _casebasedassessment .html for a step-by-step description.
14 See https://tea chin gfor valu esin design .eu /A2 _refl ect ivev alue sreport .html.
15 See https://tea chin gfor valu esin design .eu /20 _und erst andi ngva luet ensions .html.
16 See https://tea chin gfor valu esin design .eu /A3 _per sona lval uesr efle ctio nvideo .html.
17 See https://tea chin gfor valu esin design .eu /A8 _peerfeedback .html.
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Introduction

This chapter reviews different ways ethics is operationalized in educational experiences in various 
field contexts in service-learning, humanitarian engineering, and more. After describing our posi-
tionality as authors and then defining and problematizing humanitarian engineering and service-
learning, we discuss different ways in which ethics education can be integrated, and sometimes 
targeted, in these pedagogies. We close the chapter by considering classroom approaches, such as 
scenario-based teaching, which can prime students to consider ethical dimensions in these field 
experiences, before concluding with some overall insights and recommendations for educators.

We recognize that this type of learning experience can challenge traditional Western ideas of 
what counts as engineering knowledge, what it is to be an engineer, and how engineering relates 
to international development – see for example Cruz (2021) or Kleba & Reina-Rozo (2021) for 
some perspectives from the Global South about decolonizing engineering education or rethinking 
development. In this chapter, we will not address these grander epistemological and ontological 
questions but focus instead on our own understanding of ethics education within these fields, while 
acknowledging that service-learning and humanitarian learning experiences can be transformative 
for students and lead them to raise many of these questions for themselves.

Positionality statements

In the following paragraphs, each of us has shared our positionality regarding this chapter’s con-
tent.

Scott Daniel’s pathway to humanitarian engineering has been circuitous. Having come from 
a privileged, culturally near-homogenous white WEIRD (Western, educated, industrialized, rich, 
democratic) Sydney upbringing, he has become aware of how abnormal, globally, his background 
is. This came first through teaching in a low socio-economic, multicultural high school, then doing 
science outreach in remote, under-resourced schools around Australia, to now having worked and 
traveled in almost 30 developing countries, helping Scott develop an acute sense of his privilege 
and the importance of cultural humility.
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Service-learning and humanitarian engineering ethics

Scott’s career has explored STEM, education, and social justice, with them all combining in his 
recent work with Engineers without Borders Australia and his current role in developing humani-
tarian engineering education at the University of Technology Sydney. Although his technical train-
ing was in mathematics and physics, he is drawn to humanitarian engineering education in part 
because of its inherent ambiguity and complexity. He sees the ultimate purpose of ethics education 
as developing ethical behaviors in his students, with the more immediate goals of ensuring stu-
dents engage respectfully with community stakeholders, normalizing that ethical decision-making 
is a part of engineering, and equipping students with tools and frameworks to support ethical 
reasoning.

Adetoun Yeaman grew up in Nigeria, getting early exposure to humanitarian work through her 
mother, a research scientist who engages in action research on socioeconomic issues. Beyond this 
informal connection to the topic of this chapter, she has engaged more formally through taking an 
undergraduate service-learning course and getting involved with a humanitarian engineering organ-
ization (Engineering World Health) as a Master’s student. Subsequently, she worked in a hospi-
tal maintenance unit in Nigeria as part of her service in the National Youth Service Corps, which 
increased her consciousness about humanitarian donation issues and medical equipment manage-
ment. These experiences motivated her interest in understanding empathy, especially as it relates to 
engineering design and service-oriented projects and programs. Adetoun’s Ph.D. dissertation research 
on empathy within service-learning contexts positioned her to better understand various service-
learning models, how they operate, the challenges they experience, the role that empathy plays in 
such experiences (while also increasing her curiosity about community engagement more broadly), 
and some of the reasons for ‘successes’ and ‘failures’ of such endeavors. Lastly, she recently con-
cluded a postdoctoral fellowship at Wake Forest University, supporting curriculum development in 
engineering ethics education through a character/virtue ethics lens. Adetoun continues to value and 
engage in activities at the intersection of engineering, community engagement, and societal impact.

William (Bill) Oakes was born and raised in the Midwest of the United States. Bill started his 
career as a mechanical engineer in the aerospace industry and shifted to an academic career, where 
he was assigned to teach in a community-engaged design course, EPICS (Engineering Projects 
in Community Service). That experience flipped his view of engineering education upside down, 
and the work connected to the social activism that was part of his family history. Bill has worked 
for 25 years in community-engaged learning, building a large program at his own university and 
working with colleagues from within the United States and 17 other countries. His scholarship 
now is focused on engineering education research and in particular how to enhance design-based 
community-engaged learning.

Defining and contrasting humanitarian engineering and service-learning

Humanitarian engineering

Humanitarian engineering has been defined as “design under constraints to directly improve the 
wellbeing of underserved populations” (Mitcham & Muñoz, 2009, p. 191). However, the term 
remains contested, with humanitarian engineering being conceptualized or defined in numerous 
ways (Turner et al., 2015). One overarching definition recently put forward is that “Humanitarian 
Engineering involves engineering practice to support and work with vulnerable communities and/
or individuals” (Brown et al., 2022, p. 2). Such a broad umbrella term has meant that humanitar-
ian engineering is sometimes seen to encompass a spectrum from assistive technologies through 
to development assistance, humanitarian disaster relief, and peace-building (Brown et al., 2022), 
covering sectors including water, sanitation, energy, agriculture, health, and more (Hazeltine & 
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Bull, 1999). With such diversity, it is often considered an approach (or perhaps a set of approaches) 
that can be applied to all engineering, rather than a specific engineering discipline in its own right 
(Brown et al., 2022).

Perhaps because of this complexity, and different practitioners highlighting different aspects or 
nuances, a number of terms have been (and are being) used internationally, thwarting comparisons 
of education and practice in the area (Smith, Tran, et al., 2019). Some of these terms include ‘engi-
neering for developing communities,’ ‘development engineering,’ ‘engineering for social justice,’ 
‘peace engineering,’ ‘global engineering,’ and more. This morass of terminology has led to some 
concerted efforts to define terms and reach consensus, which remains an ongoing challenge in 
progressing the field (Brown et al., 2022; Burleson et al., 2023; Turner et al., 2015).

What is certain is the growing interest and recognition of the area, with, for example, the 
first Australian humanitarian engineering subject being offered at the Australian National 
University in 2015. Now, more than a dozen Australian universities offer subjects, minors, or 
majors. This growth has been paralleled internationally, with several reports mapping the increase 
in ‘Engineering for Global Development’ education programs in different global regions being 
produced by ‘Engineering for Change’ in recent years, see for example Kunwar (2020), Peiffer 
(2019), and Rojas (2020).

Although acknowledging the diversity of terms used almost synonymously with humanitar-
ian engineering, we will use the one term from here on. This is in part for simplicity, and in part 
because, at least in the Australian context, the term has gained official sanction. The peak body 
Engineers Australia (EA) declared 2011 the ‘Year of Humanitarian Engineering,’ and then in 2019 
the Humanitarian Engineering Community of Practice was established within the EA College of 
Leadership and Management (Smith, Lynch, et al., 2019). At the time of writing, the community 
of practice engages its 800+ members with regular newsletters and events, all under the banner of 
humanitarian engineering.

In the academic sector, the Australian and New Zealand Standard Research Classification 
tracks research using a catalog of numerical codes. Until 2020, humanitarian engineering research 
was categorized anonymously under Interdisciplinary Engineering not elsewhere classified, if at 
all. However, in 2020, a ‘Field of Research’ code was assigned specifically to Humanitarian engi-
neering (Australian Bureau of Statistics, 2020). This ratification meant that for the first time, the 
increasing number of academics with named positions in humanitarian engineering could have 
their research officially recognized.

This official endorsement of the term means that, at least in the Australian context, the term is 
taken as given, which has meant that the research conversation is starting to move on to other ques-
tions. These include investigating what skills and competencies are associated with (or required 
in) humanitarian engineering, how it relates to other disciplines and to engineering in general, and 
if and to what extent it should be professionalized (Brown et al., 2022) in light of critiques of the 
practice of humanitarian engineering being associated with, for example, neo-colonialism (Sagoe, 
2012) or voluntourism (Birzer & Hamilton, 2019).

Service-learning

One widely used definition of service-learning is a “course-based, credit-bearing educational 
experience in which students participate in an organised service activity that meets identified com-
munity needs, and reflect on the service activity in such a way as to gain further understanding of 
course content, a broader appreciation of the discipline, and an enhanced sense of civic responsi-
bility” (Bringle & Hatcher, 1995, p. 112). Service-learning has also been described as a “form of 
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experiential education whose pedagogy rests on principles established by Dewey … where learn-
ing occurs through a cycle of action and reflection and not simply through being able to recount 
what was learned through reading and lecture” (Eyler & Giles, 1999, p. 7). These definitions 
highlight three important components where students are:

 a) engaged in a credit-bearing course.
 b) engaged with a community and working towards meeting a need or solving a problem within 

that community.
 c) reflecting on their experiences.

Bringle and Hatcher highlight how service-learning can promote “understanding of course con-
tent” (1995, p. 112). Eyler and Giles (1999) also point to this opportunity for learning, though not 
necessarily of course content, through action and reflection. Service-learning experiences pre-
sent an opportunity for students to deeply understand people and situations by virtue of authentic 
engagement and reflection, with the potential to cultivate character strengths such as empathy 
and compassion. Bringle and Hatcher’s definition also addresses ‘civic responsibility,’ which, we 
argue, supports achieving real objectives for the communities students in service-learning engage 
with. These definitions point to the relevance of competencies beyond the technical areas of these 
curricular efforts with implicit touchpoints to ethics in the curriculum.

In the last couple of decades, the term ‘service-learning’ has often been replaced by terms 
that include ‘community-engaged learning,’ ‘community-based learning,’ and ‘civically engaged 
learning.’ The word ‘service’ can imply a vertical and power differential approach to partnerships 
that is not in alignment with the goals of the approach. These alternative terms attempt to more 
accurately reflect a more reciprocal approach to partnerships. The highest faculty award in the 
United States for this type of work is awarded by the Campus Compact, and was renamed from 
the Thomas Ehrlich Faculty Award for Service-Learning to the Thomas Ehrlich Civically Engaged 
Faculty Award in 2009. The term ‘service-learning’ is still used and will be for this chapter, while 
recognizing that the ideals of the pedagogy move beyond the traditional use of the words. The 
naming of the approach itself provides opportunities to engage students in early ethical discussions 
about the implications of the work they are embarking on.

Most models and definitions of service-learning arise from social sciences and humanities 
where the engagement is a placement of students into a community setting for a specified time. 
Within engineering, the engagement is often a design project. The value that the faculty and stu-
dents bring is expertise that can be applied to a project deliverable. A model for a project approach 
to service-learning that aligns with engineering was developed by Leidig and Oakes (2021) and 
breaks out the engagement into two parts – a deliverable and the process. Most of the engineering 
engagement activities involve developing a design, plan, or other deliverable. The interactions and 
the processes of developing the deliverable are also very important and tap resources from our 
partners and potentially add value to them. All stakeholders can derive benefits and be impacted 
by the deliverable, as well as the process. Within ethics education in service-learning, there are 
opportunities for ethical learning and exploration of the projects or deliverables that are developed, 
as well as the process of engagement.

Ethical aspects and considerations in service-learning

This section addresses components of service-learning expanding on deliverable development, 
engagement in the design process, and connecting the engagement with ethics through reflective 
practice.
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Deliverable development

Often, in engineering service-learning, the deliverable is a design, but it can also be an analysis, 
process, or plan. The development process often follows standard engineering processes that could 
be done in a wide range of courses. Ethical considerations follow traditional engineering practices 
regarding honesty, following laws and codes, and ensuring safety for people and the environ-
ment. Service-learning adds authentic contexts because the deliverable has real use for real people. 
Ideally, the students will meet the real users or recipients of the deliverable, and that humanizes 
their work and adds to the purpose of the activities. Situating this work with partners who are, or 
who work with, underserved communities provides additional avenues to employ and explore 
ethical frameworks. A utilitarian approach would leave out the stakeholders, often the very part-
ners underserved by traditional societal practices. The ethics of care, virtue, and justice can play 
important roles within the context of the partnerships.

Process

As mentioned earlier, the terminology for pedagogy in some areas has moved away from the term 
‘service,’ which implies doing something for someone else. Too often in engineering and higher 
education, we do things to others. The goal of service-learning is to engage with others in a manner 
that is reciprocal and involves the partners in the design and development process. This method-
ology aligns with the pillars of human-centered design and is used within programs that include 
EWB (Engineers without Borders) and EPICS (Zoltowski et al., 2012). Achieving the ‘with’ is 
vital to being effective and an opportunity to explore social constructs, biases, and preconceived 
ideas that influence ethical decision-making. The ethics of the engagement is an area ripe with 
opportunities for ethical development.

The Lakota are an indigenous people in North America. They have a name for outsiders who 
engage with them poorly. They refer to them as ‘white-van people,’ which means people of any 
race who show up driving white vans, a typical rental vehicle in their region. These white-van 
people view themselves as helping a group who are poor and need help while operating on their 
own timeline, arriving when convenient, and leaving when it fits their schedule. They are more 
interested in feeling good than creating meaningful partnerships with mutual value. Within engi-
neering and higher education, there is a pull to operate in this mode as we fit engagement within 
our academic timelines and structures. Engagement with others requires considerations that 
include the ethics of the engagement itself and how we may need to bend our comfortable ways 
of thinking to be the most effective and ethical. Relationships often take time to develop, and 
partnerships can be the same. How do we engage so there is mutual respect and value for each 
other over time?

Within international engagement, there are a lot of discussions and efforts toward moving into 
a postcolonial mode. Decolonializing our approaches to engagement offers challenges and oppor-
tunities, especially within the area of ethics. We have all grown up within a colonial-influenced 
society, so operating outside of that takes intentionality. The opportunity is to engage students in 
exploring questions like: How can one use their own engineering expertise without displacing or 
inhibiting local engineers or other professionals? Is the work one does taking away from work 
that could be done locally? How do we operate in true partnerships that offer mutual value and 
respect? How do we create mechanisms to hear and appreciate the expertise of our partners? 
What are we learning from our partners? Viewing the work to be with our partners is central to 
the engagement mindset.
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Intentionally connecting engagement and ethics

Students who are engaged in work with community partners address many ethical issues and 
considerations but often do not connect their experiences to ethics. In a design-based engage-
ment program, for instance, students were interviewed and rarely discussed ethics explicitly 
but nevertheless described things related to or within the realm of ethics (Feister et al., 2016). 
Similarly, a study of engineering graduates who participated in EWB-USA programs reported 
a lower impact on ethics than on professional skills that included communication, teamwork, 
and leadership (Oakes et al., 2023). That finding contrasted with how these graduates talked 
in subsequent interviews where they described ethical situations but did not label them as 
ethics per se. Students experience issues and considerations that we would classify as ethical 
reasoning, but they do not connect them to ethics. This study reveals that we as educators can 
make the mistake of assuming that implicit learning is taking place when, instead, there is the 
opportunity to make it explicit through reflective practices. Thus, locating where to explicitly 
make ethical dimensions visible to the participants within the service-learning curriculum is an 
area for future exploration.

The need for further research on how service-learning can influence ethics education has also 
been pointed out by Corple et al. (2020). They examined students’ ethical decision-making within 
the context of an undergraduate engineering service-learning design course that incorporated 
human-centered design. This approach places people at the center of the design process. While 
the paper did not mention that students were taught ethics directly, the authors discovered spe-
cific ways that students practiced ethical decision-making at various phases of the design process 
within the described service-learning context. Of particular focus were the ethical principles of 
autonomy, justice, and non-maleficence (i.e., to ‘do no harm’). It also examined the aspects of the 
students’ experiences that triggered ethical reflection. For example, in the project identification 
and specification development phase, interactions with community partners and with professors 
triggered reflections on autonomy. The paper suggested that service-learning can facilitate authen-
tic reflections on students’ ethical decision-making.

Additionally, some instruments have been suggested (Bringle et al., 2004) to assess ethics-
related learning outcomes in service-learning. Such instruments include the Defining Issues Test 
(Bebeau, 2002; Rest, 1990; Rest & Narvaez, 1998), the Sociomoral Reflection Objective Measure 
(Gibbs et al., 1984) and the Ethics Position Questionnaire (Forsyth, 1980; O’Boyle & Forsyth, 
2021). The suggestion by Bringle et al. (2004) of using these assessment tools within a service-
learning context seems to indicate that there is an opportunity for students to experience growth or 
reflect on the ethical outcomes that these scales were created to measure (such as moral reasoning, 
moral judgment, and moral thought) within service-learning programs.

While many publications do not explicitly address the how of bringing ethics into the cur-
riculum within service-learning contexts, there are many references to where the opportunities 
are. It is interesting that several articles and conference papers that describe service-learning 
courses and programs have ethics in their keywords but do not include descriptions of ethics-
focused activities in the body of such literature (Chang et al., 2011; 2014; Kang & Chang, 2019; 
Verharen, 2014). In some cases, the authors subtly refer to ethics-related learning activities such 
as discussion sessions that confront the issue of homelessness to try to help students develop 
empathy for homeless people in the process of engaging with the complexities of litter and waste 
disposal (Wolfand et al., 2022). Sometimes ethical frameworks are mentioned in the context of a 
service-learning course curriculum, but it is not necessarily discussed how those frameworks are 
used (Sanchez & Lasso, 2014). However, much of the literature with discussions at the intersec-
tion of ethics and service-learning, especially in engineering education, offers some guidance on 
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how we might intentionally integrate ethics in service-learning contexts looking at three aspects 
of the pedagogy.

 1. Preparation. Before students work with communities, it is important to engage in some 
intentional preparation. Delaine and colleagues (2021) suggest that some implicit beliefs 
that students tend to have could be problematic to the objectives of service-learning pro-
grams. Such beliefs include “1) engineering is predominantly technical, 2) engineering 
requires deliverables and tangibles and 3) engineers are the best problem solvers” (p. 21). 
The paper also discusses how communities can be exploited at the expense of student 
learning, especially in resource-constrained communities where proper preparation and 
intention are not incorporated into the service-learning experience. To disrupt such beliefs 
that could result in unintended problems, the authors suggest including materials that intro-
duce students to the underlying social and political contexts that influenced the need for 
the service in the community, broadening the focus of the course beyond the students’ role 
in product delivery to include supporting the community to develop a solution collabora-
tively, and encouraging students to consider the community context alongside engineering 
design as well as the expertise and experiences the community partners bring to the solu-
tion.

 2. Introducing ethics frameworks within the context of the community and the needs being 
addressed. Many students have learned ethics frameworks in more traditional ways that 
appear far removed from their contexts. We can weave those frameworks into authentic 
situations where they are most relevant to better motivate students in engaging with eth-
ics. For example, a service-learning course described by Wolfand et al. (2022), which was 
designed for computing students and focused on data analysis using MATLAB, implicitly 
integrated ethics. Students collected litter, identified research questions related to litter, ana-
lyzed their research questions, and proposed data-driven solutions to the problem. These 
students worked in teams and the course incorporated discussion sessions to engage students 
in confronting the complexities of waste disposal, including the topic of homelessness. The 
authors mentioned that these discussions helped students develop empathy for the homeless. 
While not explicitly mentioned, virtue ethics could be incorporated in these kinds of dis-
cussions as a way of highlighting the virtue of empathy as a needed trait for contemplating 
societal issues like homelessness (for more on virtue ethics, see Chapter 22). Another exam-
ple is a social inclusion project involving undergraduate engineering students collaborating 
with trainee coaches within a non-governmental organization (NGO) that supported people 
with mental illnesses to work within paid jobs (Chang et al., 2011). This project brought into 
focus the ethics of human and technology interactions.

 3. Reflection at multiple phases of the project, especially in the beginning and at the end.

Reflection is a major component of the pedagogy of service-learning and vital to preparing stu-
dents for an experience, processing their experience, and connecting it to desired learning out-
comes (Eyler, 2002). Reflection and reflexivity are discussed more in Chapters 6 and 25.

There are many ways to prompt students’ reflection including written assignments, readings, 
discussions, and combinations thereof. Research has shown that formal and informal discus-
sions promote learning and in particular the broader learning of civic mindedness (Richard et 
al., 2016).

Models for reflection include the work of Ash and Clayton (2004), who identified three com-
ponents for reflection:
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 1. Reflective observation of the experience during the week to spark this reflection (Consider 
identifying an experience and its context and/or impact.)

 2. Conceptualizing and connecting your observation to a broader concept in one of the reflec-
tion themes (Consider: What did I learn? How did I learn it? Why does the learning matter?)

 3. Connecting how you will use your experience and learning in the future, within and beyond 
the current course or experience (Consider: What will/could I or others do in light of this 
learning?)

A simplified version that can be used to elicit individuals’ thoughts and feelings is the ‘What? So 
what? Now what?’ scaffolded questions proposed by John Driscoll (1994):

 1. What: What did they do and/or learn?
 2. So What: Why is it important?
 3. Now What: What can they do with that learning in the future?

Reflection can and should be integrated across multiple aspects of the engagement experience. 
As mentioned above, the first place is as part of students’ preparation, before any engagement has 
taken place. During the process of engagement, regular reflections allow students to connect the 
work with broader learning outcomes. Reflections offer ways for an instructor to evaluate how the 
process is progressing and identify any issues that need to be addressed or content that should be 
added to the experience. Summative reflections that include guided questions to connect the learn-
ing are the final step. These reflections also offer insights to the instructors and provide artifacts 
that can be graded and used to demonstrate learning.

For example, Schaad et al. (2008) described an innovative project that involved students in 
a service-learning project focused on disaster relief related to Hurricane Katrina. The project 
engaged students in deep and multifaceted reflection that addressed social, personal, and pro-
fessional aspects of their experiences. The reflections happened at various phases of the project 
including before and after a visit to the site in New Orleans. Additionally, students watched lec-
tures and presented research papers on their projects at the end of the semester. This example 
illustrates how to incorporate multiple opportunities for students to reflect. Some of this reflection 
can be facilitated by lecture topics on pertinent ethical issues.

In summary, reflection can involve readings, videos, discussions, and writing. Reflection is a 
crucial component of service-learning and must be integrated throughout the phases of projects 
with targeted prompts that bring ethics to the forefront of student experiences.

Humanitarian engineering education

Humanitarian engineering education programs are diverse, growing, and becoming increasingly 
integrated into mainstream engineering curricula (Kunwar, 2020; Peiffer, 2019; Rojas, 2020; 
Smith, Tran, et al., 2019). Humanitarian engineering principles come from the sustainable devel-
opment sector, and the mainstreaming of humanitarian engineering is evident in how engineer-
ing competency frameworks are increasingly referencing the UN Sustainable Development Goals 
(e.g., International Engineering Alliance, 2021). As all engineering has the potential to contrib-
ute to (or detract from) the sustainable development agenda, humanitarian engineering principles 
apply to all engineering work.

Engineers without Borders’ education programs exemplify the growth and diversity of humani-
tarian engineering education. For example, Engineers without Borders Australia (EWBA) has been 
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offering the EWB Challenge for over 15 years, where first-year students respond to a design brief 
developed by EWBA and their community partners to address development priorities. Annually, 
more than 10,000 students around Australia and overseas participate, typically as part of their 
first subject addressing professional engineering practice (Jolly et al., 2011). For later-year stu-
dents, since 2015, EWBA has been running Design Summits, which are immersive study tours to 
developing countries. So far, more than 1,000 students have learned about human-centered design 
in context, working cross-culturally, and have experienced how engineering can affect positive 
change (Daniel & Brown, 2018). Lastly, for final-year students, EWBA runs a Research Challenge 
supporting capstone projects in humanitarian engineering.

EWBA has made its methods explicit, publishing its Technology Development Approach 
(TDA), which builds on human-centered design approaches combined with principles from 
the community and international development sectors. EWBA’s TDA guides their engineering 
work and is used with students as a teaching resource. Without necessarily labeling factors as 
ethical considerations, it addresses key tenets of best practice in humanitarian engineering (with 
implicit ethical underpinnings), such as an ethics of care founded on empathy and compassion 
for stakeholders, inclusion for all, ‘do no harm,’ and strengths-based approaches. These tenets are 
operationalized to varying degrees in EWBA’s education programs. For example, strengths-based 
approaches feature in the immersive study-tours, where there is a push to shift students away from 
the typical default of deficit-thinking to having them recognize the strengths of the host commu-
nity. This can be through framing ‘how might we’ questions as design opportunities rather than 
design problems and encouraging a question-style with stakeholders of Why do you do things that 
way? rather than Why don’t you do things like we do? Another mechanism where strengths-based 
approaches are evident is in the reverse project brief that capstone students are asked to complete, 
where they re-frame the design brief in their own words to demonstrate understanding, and are 
explicitly asked to identify multiple community strengths.

Classroom exercises to prepare students for field experiences

This section discusses scenario-based teaching and assessment, with some relevant examples to 
help prime students for field experiences. We also briefly discuss other teaching approaches to 
sensitize students to some implicit and explicit ethical considerations in such contexts.

Introduction to scenario-based teaching and assessment

Scenarios are one strategy for teaching and assessing the many skills required in engineering pro-
fessional practice. Other assessment strategies include self-reporting against Likert-scale surveys 
or observational studies of behaviors in authentic scenarios, for example, in assessment centers. 
Survey instruments are easy to administer and analyze with large numbers of students and offer 
insights into students’ self-concept and confidence. However, the extent to which they predict 
the application of these skills in practice is questionable (Mazzurco & Murzi, 2017). Conversely, 
assessment centers (Ilgen et al., 2015) or simulation-based assessments (Hoffman et al., 2015), in 
which participants’ actions are evaluated in authentic situations, typically lead to more reliable 
and valid assessments but are much more resource- and time-intensive and so are difficult to scale.

Scenario-based assessment offers a compromise between (a) the scalability but questionable 
predictive validity of self-report survey instruments and (b) the authentic but time-consuming 
nature of simulation-based assessments and other approaches involving observations of behav-
iors in context. Scenario-based instruments have been developed to assess a range of engineering 
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skills, including global competency (Jesiek et al., 2020), design skills (Atman et al., 2007), inter-
disciplinary problem-solving (Adams et al., 2010), and more.

Although often used solely for assessment, scenario-based approaches can easily be adapted as 
a teaching and learning approach in ethics and other areas. They can prime students for particular 
considerations in fieldwork or other professional experiences, offering a safe space to explore and 
discuss different ethical dimensions without repercussion. Beyond using the scenario and student 
responses as discussion prompts, comparing responses between students or within the same stu-
dent over time can be an effective device to guide reflection.

Although scenario-based approaches are diverse, such tools share three typical components: 
a scenario, some related questions, and some scoring criteria. The scenario should authentically 
depict an open-ended situation the participant could conceivably expect to encounter in their 
career, and the scenario may vary in length from one sentence (Kilgore et al., 2007) up to multiple 
paragraphs (McMartin et al., 2000). Scenarios are developed from practitioner interviews, case 
studies of practice, or some combination thereof (Jesiek et al., 2020).

Questions should prompt some reflections or responses to the scenario and can be recorded 
using a transcript or think-aloud protocol or written in a paper-based or online form. Questions 
can be either closed- or open-ended and scored quantitatively or with some interpretive scheme. 
The scheme can involve, for example, coding responses into different categories (Kilgore et al., 
2007) or using some rubric to score responses across different dimensions (McMartin et al., 
2000).

The Energy Conversion Playground task

One example relevant to service-learning and humanitarian engineering is the Energy Conversion 
Playground (ECP) task, originally developed by Mazzurco et al. (2014) and then elaborated to 
address sociotechnical thinking and co-design (Daniel & Mazzurco, 2020; Mazzurco & Daniel, 
2020). This scenario involves designing a power supply for a remote primary school in a devel-
oping country, with one suggestion being a merry-go-round-powered dynamo, and asks students 
to identify relevant considerations and outline the steps they would take in designing a solution:

Scenario: In developing countries, energy production is one of the most critical problems. 
Resources or technologies to produce energy are often not available. Thus, human power 
conversion systems might be used to power small appliances. Imagine that you and your 
team are assigned to a design project in partnership with a Non-Governmental Organization 
(NGO) of a developing country. The NGO needs a low-cost power system that can generate 
enough energy for the lights of a primary school. One of the members of your team suggests 
using merry-go-round, seesaw, and swing to produce energy that can be converted to elec-
tricity for the lights.

 1. What considerations do you need to take into account to solve the problem described in the 
scenario? List and describe all constraints and justify their inclusion.

 2. How would you proceed to solve the problem described in the scenario? List and describe 
concisely all the steps you would take to solve the problem described in the scenario.

The scenario was developed by combining a paper that explored, from a purely technical per-
spective, how playground equipment could be used to generate electricity (Pandian, 2004) with 
the story of the PlayPump, a much-heralded project in which water pumps were designed to be 
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powered by children playing on merry-go-rounds, that – with its failure – became a fable about the 
importance of understanding the social contexts of technology (Case, 2010).

The ECP task allows bringing up ethical dimensions in a realistic context, in advance of the sit-
uations students may encounter in service-learning and/or humanitarian engineering experiences. 
Both implicit (e.g., making decisions on behalf of marginalized communities, with no stakeholder 
involvement) and explicit (e.g., using child labor to produce energy) ethical dimensions arise natu-
rally in discussing this scenario. It has been used to draw out features of co-design, highlight key 
sociotechnical design considerations of context and ethics, and as a prompt for reflection.

Rubrics were developed for both the first question (on sociotechnical considerations) and the 
second question (on co-design). The sociotechnical thinking rubric categorized considerations 
into three domains: technical, people, and broader context. The technical domain was further 
broken into considerations around inputs (e.g., required power), functionality (e.g., efficiency, 
friction), and long-term (e.g., maintenance), while broader context was broken into local norms 
(e.g., culture, gender norms), laws and ethics, and other socio-material contexts (e.g., the local 
economy). The people domain was scored by whether respondents merely mentioned people’s 
needs or expertise, or whether they described listening (e.g., consulting with) or collaborating 
(e.g., co-constructing) with stakeholders. An expert sociotechnical response included considera-
tions from all sub-domains of technology and broader context, and also described collaboration 
with local stakeholders.

The co-design rubric had two dimensions, the first categorizing respondents’ design steps into 
three main phases of the design process (i.e., scope, develop, deliver). The second dimension 
characterized the extent to which stakeholders were involved in these different phases. An expert 
co-design response described collaboration across all three design phases.

Teaching approaches using the ECP instrument

The ECP instrument can be used in different ways in the classroom. One approach could involve 
the following steps (distilled from different ways the lead author has used the instrument in his 
own teaching):

 1. Students respond to the prompts individually by compiling individual considerations (or 
design steps) on separate sticky notes.

 2. Students compare and consolidate their responses, first in pairs and then in groups of four 
students (i.e., Think-Pair-Square). An alternative could be to have students discuss and 
respond to the prompts in a group from the start.

 3. In whole-class discussion, groups compare their responses by, for example, each group call-
ing out a consideration or a design step and continuing around the room until all considera-
tions have been listed (or all design steps put in order).

 4. The rubric is introduced, and student groups self-assess their responses. Alternatively, 
groups could assess their neighbors’ responses.

 5. This self-assessment is used as a discussion prompt, for example, about which areas were 
over-subscribed (typically the technical considerations and the scoping phase) and which 
under-subscribed (typically the broader contextual considerations and the delivery phase).

An alternative approach could be collecting students’ responses at the start of some teaching block, 
and then at the end of the teaching block having students respond to the scenario a second time. 
The next step would be returning students’ original submissions and inviting them to compare 
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their responses – both to the rubric and from before and after the teaching session – and using this 
comparison as a reflective prompt. In either approach, the key steps are responding to the scenario, 
evaluating the response against the rubric, and using this evaluation to prompt reflection on what 
has, and has not, been identified.

Having been introduced to the two rubrics as frameworks for sociotechnical thinking and co-
design, the students could apply these frameworks to future scenarios or situations. Note that there 
are other frameworks for unpacking context (such as PESTEL – political, economic, social, tech-
nological, environmental, legal), but these do not always highlight ethical considerations.

Other scenario-based tools

Other scenario-based approaches that could be used with engineering students include the:

• ‘Midwest Floods design task’ to elicit sociotechnical and co-design considerations (Kilgore 
et al., 2007).

• ‘Engineering and Science Issues Test’ to consider ethical dilemmas in science and engineer-
ing (Borenstein et al., 2010).

• suite of scenarios from the Global Engineering Competency (GEC) project to explore cross-
cultural skills (some of which focus on ethical issues).

Although these skills are relevant to humanitarian engineering and service-learning, these 
 instruments are not focused explicitly on such contexts, unlike the Energy Conversion Playground 
task.

Other collections of ethical scenarios include those curated by the Markkula Center for Applied 
Ethics or the Engineering Professors Council. These are mainly focused on Western contexts; 
however, some involve situations appropriate to this chapter, such as a water supply project in 
Ghana, a community solar project in East Africa, a water filtration project in Bolivia, or a service 
program in Belize. One classroom approach could be to have multiple groups consider each sce-
nario and how they would respond, and then discuss with other groups about whether they have 
reached the same conclusions. Connections to ethics could be made explicit by asking students to 
consider which ethical principles or theories their response represents.

Additional classroom resources

Although not explicitly addressing ethics, other classroom activities that touch on ethical con-
siderations could be used to prepare students for fieldwork. Such activities include conducting 
background context research (using resources like GapMinder to contrast diverse measures of 
different countries’ development and status and to challenge misconceptions about international 
development); exercises to build empathy (e.g., journey mapping, empathy maps, personas); or 
activities combining the two, such as reverse project briefs. More generally, activities like the 
Privilege Walk (Silverman, 2013) can foster discussion on power dynamics and connect to big-
ger topics like colonialism or ‘white savior-ism,’ as comically explored by Radi-Aid. Radi-Aid’s 
Africa for Norway and Who wants to be a volunteer? parodies offer a gateway to challenging ste-
reotypes about poverty, development, and how narratives around aid and social responsibility are 
communicated. Role-playing games like Engineering with People can foster empathy for different 
stakeholders and an appreciation of ethical complexity. Finally, Leydens and Lucena (2009) have 
argued for the importance of listening in engineering and offered suggestions on how this might be 
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addressed in the curriculum. One fantastic resource to open discussion on this issue is the TedTalk 
“Want to help someone? Shut up and listen!” Although not situated in an engineering context, this 
TedTalk powerfully demonstrates the importance of respectful community engagement.

There are some overlaps between service-learning and humanitarian engineering, especially 
in how educators address them. One major overlap is that both focus on meeting the needs of 
communities, especially vulnerable ones. Another overlap exists structurally in some models. For 
instance, the humanitarian engineering minor at the Colorado School of Mines has a service-
learning component (Mitcham & Englehardt, 2019). In it, service-learning is a practical peda-
gogical approach to fulfill the requirements of the broader humanitarian engineering program. 
Consequently, the exercises and resources we suggest for humanitarian engineering could be 
applied to service-learning, and vice versa.

Conclusion and recommendations

In this concluding section, we offer some recommendations for exploring this space for research-
ers and educators, individually and at a programmatic level.

Education researchers

In the service-learning and humanitarian space, there are many research opportunities that connect 
to ethics. We can not only explore the impact on student ethical learning outcomes but also the 
impact of our projects, processes, and partnerships on the communities involved. We can explore 
the development of students’ ability to manage complex and ambiguous contexts. There are also 
ethical considerations for conducting research with specific communities, where we should weigh 
the benefits of research outcomes against the impact on stakeholders. While there are many ques-
tions research can help us answer, the very nature of community work – especially the sensitivity 
of building trust with communities – means that we may need to forego studying some elements 
of the engagement. However, some research areas include:

• Evaluating the impact of interventions on students, communities, and other stakeholders;
• Developing and validating research instruments to assess learning in these contexts (see 

Chapters 26–31 in the assessment theme for a deeper exploration of such questions)
• Exploring different teaching approaches to support students in dealing with the complexity 

and ambiguity of these social contexts (versus oversimplifying sociocultural differences or 
ethical complexities)

Classroom educators/subject teachers

For educators, there are numerous opportunities to engage students locally and globally while 
exploring ethical issues and developing ethical reasoning. It is imperative that we examine the 
ethical considerations of the engagement, our project(s), and the processes by which they are 
developed. While there is potential for positive impact on students and communities, there is also 
potential for unintended consequences that must be considered. Educators need to familiarize 
themselves with the cultural and social contexts while supporting students to step beyond ethno-
centrism to examine their own social and cultural background and challenge any implicit assump-
tions. Particular attention should be paid to power dynamics between the institution, community, 
and other stakeholders. The relationships with community partners should be structured so that the 
partners have a significant voice in the process and partnership, for example, by using participatory 
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development methods. Preparing students for the context before they are engaged and exploring 
ethical frameworks relevant to the context are very important. Reflection before, during, and after 
engagement is critical and offers opportunities to make learning explicit and provide insights into 
the student experiences. Finally, seek out colleagues, including those from outside of engineering, 
who may have expertise that can contribute to the engagement as partners, mentors, or resources.

Programmatic

From a programmatic standpoint, community needs require long-term commitments and relation-
ship building. Programs such as EWB or the EPICS Program at Purdue University (Zoltowski & 
Oakes, 2014) typically commit to at least 5-year engagements. This length allows for relationships 
and projects to be developed and supported. Curricular structures need to be created to support 
long-term engagement. Assessing the value brought to the partnership and the time and resources 
invested can be pivotal in building long-term and high-impact partnerships. Community engage-
ment can place faculty in new or uncomfortable settings. Robust support systems for faculty can 
benefit the program tremendously. Some of this support can come from colleagues in other dis-
ciplines, such as international development or intercultural communication. They can also come 
from institutional centers such as offices of community engagement. Assessment and curricular 
structures should be aligned with developing reciprocal partnerships. Finally, program leaders 
should seek ways to connect to institutional goals to institutionalize programs to be sustained into 
the future. These programs can contribute to accreditation by addressing connections to broader 
societal, environmental, and human issues. The active engagement, hands-on aspects, and societal 
contexts of the approaches can help to attract more and more diverse students to our programs as 
well as retain them at higher rates.
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Introduction

Educational institutions, professional organizations, and accreditors now recognize that engineers 
must be prepared to face the complex challenges of the future in a globally responsible and respon-
sive way. This has led to the growth and development of engineering ethics as a discipline over the 
last few decades and its acceptance as an essential component of engineering education. During 
the same time, many scholars and thinkers have urged a coming together of science, engineering, 
and the arts, resulting in global initiatives like STEAM (Science, Technology, Engineering, Arts, 
and Math) and the PISA Creative Thinking assessment (Belbase et al., 2021; OECD, 2022). These, 
in turn, have spurred new engineering programs and institutions around the world that privilege a 
more integrated and expansive educational model that often includes non-technical components 
(Graham, 2018). Students and accrediting bodies too are demanding more of a focus on the human 
and environmental contexts of engineering that can be revealed through the inclusion of liberal 
arts content (ABET, 2020; ENAEE, 2021; Engineers Australia, 2008; Engineering Council, 2020), 
while educators have recognized the value of problem- and community-based learning pedago-
gies that naturally include and reveal the ethical and cultural implications of engineering practice 
(Walton et al., 2022; Rogers et al., 2021). Teaching and learning methods that encourage and 
enable collaboration, creativity, communication, and reflection are now seen as essential to culti-
vating the habits of mind required of today’s engineers (Lucas & Hanson, 2014). In this evolving 
educational context, arts-based methods in engineering ethics can respond to these changes and, 
therefore, have great potential.

However, while there is undoubtedly growing interest in this area, the link between the arts 
and engineering ethics specifically has not been as clearly described. We first aim to define what 
practitioners mean by arts-based methods and then describe how scholars conceptualize their rela-
tionship to engineering ethics. We next look to both historical and contemporary precedents for 
the connections inherent in these disciplines. This review will show that despite the long-standing 
associations between approaches to engineering and the arts, structural and cultural constructs 
have erected barriers against linking them in contemporary academic environments. We address 
these and use recent examples of research and practice indicating these barriers can be overcome. 
For instance, pedagogy integrating the arts into ethics education has yielded intriguing and prom-
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ising results in other fields such as business and medicine. In pulling from adjacent disciplines to 
lend specificity and further understanding to this field, we also highlight the absence of analogous 
research within engineering education. Throughout, we suggest many opportunities in teaching 
and research that have the potential to bring benefits to larger engineering and ethics contexts.

Definitions and precedents

When we discuss ‘the arts’ in this chapter, we adhere to the Encyclopedia Britannica’s definition 
of this general term, which comprises fields and practices in the categories of literature, the visual 
arts, the graphic arts, the plastic arts, the decorative arts, the performing arts, music, and architec-
ture. This definition may be broader than that typically used by universities to delineate where dif-
ferent disciplines ‘belong’ or are organized institutionally. Still, we believe these categories, with 
their various technical, theoretical, and creative components, can lend much-needed expertise to 
teaching methods within the engineering context (as explained below). This broader definition is 
especially important for the European engineering education context, where a ‘core curriculum’ 
rooted in the liberal arts that is so common to higher education in the United States is much less 
prevalent. Lang (1999) explores the 300-year history of this ‘distinctively American’ approach 
that was as much focused on developing students’ character and civic responsibility as preparing 
them for a profession. This educational philosophy has left a legacy whereby even students at 
US universities that specialize in engineering are often still required to take liberal arts modules 
(ABET, 2020). Despite being the birthplace of the concept of ‘liberal arts’ as originally articulated 
by Greek philosophers and exemplified in the curricula of its earliest universities, Europe expe-
rienced a decline of this educational tradition due to a variety of social, political, and economic 
factors beginning in the nineteenth century (van der Wende, 2011). This, combined with a system 
where students must choose a specialization earlier, means that European engineering students 
may be much less likely than their US counterparts to encounter liberal arts content within their 
degree programs.

We must, therefore, also distinguish between arts-based content and arts-based methods. 
Arts-based content refers to artifacts such as literary texts, film, music, visual arts, poetry, dance, 
theater, and so forth, which may be used or referenced in an exercise, assignment, lecture, discus-
sion, or other educational activity. In referring to arts methods, we mean the artistic invention 
and problem-solving processes that relate to “the creation of aesthetic objects, environments, or 
experiences that can be shared with others” (Encyclopedia Brittanica). Arts-based methods, then, 
comprise the learning and teaching activities common to or rooted in ‘the arts’ as broadly defined 
above such as Socratic-style seminar discussions, creative writing exercises, visual or graphical 
depictions of ideas, and role-play scenarios. Students might, therefore, engage with arts-based 
content without educators using an arts-based method; for instance, they could view a film that 
focuses on an engineering ethics issue, such as Oppenheimer or Gattaca, without analyzing the 
musical score, acting out a scene, or re-writing the ending. However, we believe that when educa-
tors use pedagogies that allow students to learn from and through the arts, this content becomes 
most effective. Indeed, the use of arts-based methods in engineering ethics education can range 
from one-time adoption of an arts-inspired exercise fulfilling a specific educational purpose to full 
integration of the arts across a technical curriculum. We describe examples of approaches across 
this spectrum later in this chapter.

Our goal in advocating for the use of arts-based methods in engineering ethics is not to turn 
engineers into artists but instead to offer engineering students additional methods for problem-
solving and production, asking them to occasionally think from the point of view of artists while 
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still working as engineers. Adopting and using arts-based methods in an engineering ethics class-
room does not require engineering faculty to become art critics or ask them to assess the resulting 
engineering products as forms of artistic expression. As Haidet et al. (2016) explain, the sus-
tainable adoption of arts-based methods into an engineering program or course requires that the 
approaches not rely on an individual’s specialized arts expertise or interests for success. Moreover, 
engineering educators already possess some skills that intersect with the arts but which may be 
framed in different terms that obscure the similarities. For instance, usability study (UI/UX) cre-
ates a linguistic and conceptual bridge between human experience and engineering construction, 
with an arts-based, human-focused methodology for systems design and evaluation. These bridges 
also connect arts-based components to the engineered system – the use of color for verification 
of identity, the use of animation to entice interaction, visual ranking order to create hierarchies of 
importance and relevance, algorithmic selection and presentation of topics based on prior con-
scious human choice. Engaging with these design choices as artistic considerations rather than just 
technical ones may allow their implicit ethical dimensions to be more easily revealed. In the case 
of UI/UX, linking aesthetics with usability makes some ethical concerns about accessibility una-
voidable (e.g., who is excluded from seeing or engaging with the interface due to color blindness). 
Arts-focused areas of engineering design can, therefore, place the human at the forefront of deci-
sions rather than at the mercy of technical criteria. Even though ethical aspects of engineering are 
always present, they can be obscured by a limited focus on technical problem-solving. Embedding 
the arts in engineering ethics thus allows for a more human-centered approach.

Educators can be reassured that, once learned, many arts-based methods can be effectively 
adapted for diverse settings, audiences, and curricular needs without specialized forms of arts cri-
tique and assessment which may be unfamiliar or intimidating to educators from a primarily tech-
nical background. Still, it is important to avoid being dismissive of the scholarly expertise garnered 
through years of studying and working with arts-based content and methods and to recognize that 
initial resistance to the use of arts-based methods in engineering ethics education may be based on 
more than a basic discomfort with using alternative methods for problem-solving and may also be 
rooted in the common but false narrative that engineering and arts are so different from each other 
that they cannot be effectively combined (Snow, 1959). This narrative is, unfortunately, already 
deeply ingrained in many of our discussions about the connection between engineered and human 
systems, which position engineering as distinctly separate from human processes (Booker et al., 
2021). For example, even when engineering creates products intimately connected to the human 
form such as a prosthetic arm, artery stent, or 3D-printed heart valve, the conversation about the 
invention and use of those devices often celebrates the mechanical aspects of the product and how 
it improves the life of the user in a mechanistic fashion, excluding considerations of the value that 
it brings to the way humans live and interact with the world (Hewa & Hetherington, 1995). The 
focus is on one machine connecting to another kind of machine (when viewing the body from a 
mechanistic lens) instead of the engineered solution being an inherently value-laden process for 
managing human well-being.

We believe that by better integrating arts-based methods into the process of problem framing, 
problem solving, and reflection within engineering ethics education and practice, we can help 
switch the standard narrative for discussing the integration of human and engineered systems to a 
more expansive and holistic understanding of system interactions and their essential interdepend-
encies. For instance, one of the key ideological precepts that drives usability study (UI/UX) is 
privileging human experience over the machine and making machines better adapted to and more 
closely aligned with (and possibly amplifying and improving) human experience. This human-
centered design process inevitably raises questions of which humans and how to accommodate 
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conflicting needs among a diverse user base. Decision-making that requires trade-offs in which 
some groups are disadvantaged relative to others must be supported by a robust ethical foundation. 
In other words, the arts can allow values to drive decision-making.

Barriers to overcome

As a discipline, ethics has always been interwoven with the arts, with philosophers having debated 
for millennia the extent of this connection and whether morality is the root of aesthetics or vice 
versa (Eaton, 1997; Haney, 1999). However, disconnects and limitations have also always existed 
when considering the application to technical learning. This becomes especially relevant to engi-
neering through disagreements on what Aristotle meant by techne, posed for example by Aquinas 
in the thirteenth century, who “ascribes ethical value to doing, aesthetic value to making” (Eaton, 
1997, p. 355) all the way through to Mitcham’s (2022) twenty-first-century assertion that “technol-
ogy is more akin to art” because its making is conditioned by social needs and philosophical ideas 
(p. 134). Either way, the liberal arts heritage of ethics may, in part, enable connections between 
educational methods traditionally associated with the arts, such as those that require emotion and 
empathy, imagination, self-discovery, reflection, and even creative thinking (Pizarro et al., 2006). 
Ethics teaching is often characterized by methods found within the liberal arts such as Socratic 
seminars or small group discussions or debates (Avci, 2017). Thus, when applied ethics (which 
includes the areas of business, medical, and engineering ethics) emerged in the mid-twentieth 
century as a distinct field, it is not surprising that scholars saw it in part as an attempt “to carry 
the banner of the humanities beyond traditional disciplinary boundaries” (Caplan, 1980, p. 24). 
Indeed, Kline (2001) has shown that engineering ethics “pedagogical methods come from moral 
philosophy, history, and sociology” (p. 14).

However, engineering ethics teaching often has, as Newberry (2004) describes, “the tendency 
to force square pegs of non-technical knowledge into round holes of technical learning, in order to 
accommodate the thinking preferences of engineering faculty and students” (p. 350). This results 
in more individualist and cognitivist pedagogies such as teaching that is limited to codes of prac-
tice or focused narrowly on knowledge around legal compliance like health and safety regulations 
as a proxy for ethics education (Walling, 2015) or positioning students as ‘instrumentalists’ whose 
only concern is solving a problem adequately and efficiently (Snieder & Zhu, 2020). Rethorst 
(2019) outlines the many ways this approach creates a ‘lack’ that disconnects the aesthetic from 
the ethical and limits the moral perception critical to moral education. He argues that “algorithms 
for action implied by moral principles may fall short of sufficient guidance” in addressing an 
ethical dilemma (p. 156). This amounts to a situation where the methods and content of engi-
neering ethics education limit the aims and outcomes that are possible. A quiz that asks students 
to identify elements of a professional code of ethics may not be as effective as having students 
write a response to a hypothetical client seeking an engineered solution that breaches that code. 
Walling (2015) acknowledges this by pointing out that even where active learning methods are 
embraced in the teaching of engineering ethics, their purpose is “largely to further cognitive com-
petence” rather than a more expansive emotional, social, or cultural understanding that we might 
see through an arts-based approach (p. 1641).

What drives this disconnect? Educators who are accustomed to process-based inquiry may fall 
prey to the common misperception that the arts lack a method or structure that can be analyzed, 
reviewed, and taught. For instance, a lecture that explains the difference between ethical theories 
might feel more manageable for an engineering educator to conduct than a Socratic discussion 
that explores and questions those theories. Génova and Gónzalez (2016) describe how in their dis-
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cussion-based engineering ethics class, they find they need “to show that the real is not only what 
can be measured, and to teach how to reason about realities that are not corporeal or empirically 
verifiable” (p. 571). This relates to the acknowledged challenge of assessment within engineer-
ing education, which traditionally hews to exams with right/wrong answers instead of authentic 
assessments that support deeper, more contextualized learning (Villaroel et al., 2020). Skepticism 
about qualitative assessment can raise concerns and resistance from students as well; the clarity of 
a grading system based on problem sets and exam scores aligns with the mindsets and skillsets that 
draw many students to engineering in the first place. In contrast, assessment that targets the dem-
onstration of critical thinking, reflection, and creativity may feel at once obscure and alien to some 
students. Taken together, this culture of ‘traditional’ methods of engineering learning might prevent 
educators from attempting to teach or assess ethics through arts-based methods. However, assess-
ment methods used within active learning approaches and other emerging best practices in educa-
tion can also be applied to arts-based methods, providing a bridge of familiarity for some educators.

Another barrier to using arts-based methods in engineering ethics is the historically siloed 
structure of academic institutions and disciplines, which is not a problem unique to this field. 
It is well acknowledged that the academy tends to maintain a conservative infrastructure and 
instructional system that perpetuates itself rather than embracing innovation (Selznick et al., 2021; 
Winebrake, 2015). Kazerounian and Foley (2007) argue that a pervasive emphasis on accuracy 
and risk reduction impedes engineering programs from embracing opportunities for creativity that 
lend themselves to the inclusion of the arts. Where the arts and engineering may be connected, 
concern remains that one discipline may get short shrift at the expense of the other. For instance, 
in a team-taught interdisciplinary module that used the arts in nursing education, the educators 
reflected on the need to avoid “reducing art to a means toward an end” and their own challenges of 
grappling with new ways of teaching and learning (McKie et al., 2008).

Lessons learned that can unite research and practice

Despite these barriers, much evidence exists of educators and even institutions breaking through 
them. The literature contains many descriptions of activities, projects, or modules that explicitly 
bring the arts to ethics education and to engineering education more broadly. From these examples, 
we can elicit application within the specific area of engineering ethics education.

Lessons from other disciplines: Business and medicine

As indicated above, business and medical education scholars have studied the use of the arts in eth-
ics education for many years. Educational researchers within medicine have formally defined dif-
ferent types of arts-based approaches (as in Rodenhauser et al., 2004), and Kinsella and Bidinosti 
(2016) reviewed over two dozen studies of arts-informed approaches to healthcare education gen-
erally. Learning outcomes for arts-informed medical curricula have been described (as in Kinsella 
& Bidinosti, 2016), while Haidet et al. (2016) have taken this work still further by creating a 
“conceptual model to guide design, evaluation and research of the use of the arts in medical educa-
tion” (p. 328). Engineering education can learn much from these examples, and several studies on 
arts-based methods of ethics teaching in healthcare programs could be replicated in an engineering 
context.

For instance, role play, skits, and theater have been studied as a method of ethics education 
for both doctors and nurses. Coleman and Dick (2016) researched a collaboration between nurs-
ing and theater departments where situations that might be encountered in healthcare contexts 
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were simulated by theater students to elicit a process of ethical decision-making by the nursing 
students. While practicing dealing with uncertain situations, students developed not only their 
ethical decision-making skills but also skills in collaboration and in “soliciting and appreciating 
varied viewpoints” (Coleman & Dick, 2016, p. 265). This has obvious relevance to an engineer-
ing context, where students could use role play to ‘try out’ possible approaches to a professional 
ethical situation, such as a conflict with a client or manager. De la Croix et al. (2011) analyzed 
student reflections on three years of a ‘Performing Medicine’ program created by the Clod 
Ensemble theater company in collaboration with the London School of Medicine and Dentistry 
and the Department of Drama at Queen Mary University. Student feedback revealed that learning 
acting techniques helped alleviate professional anxiety, and “development of skills used by art-
ists, such as those of detailed observation and interpretation, as well as those required to identify 
preconceptions and prejudice, was considered to be transferable to clinical practice for applica-
tion in, for instance, medical diagnostics” (De la Croix et al., 2011, p. 1094). Efforts to highlight 
issues of equality, diversity, and inclusion within engineering (all ethical concerns) might benefit 
from a similar approach. Role play has already been used in a Theatrical Technology Assessment 
activity to allow students to learn about and practice stakeholder engagement (Visscher, 2023), 
and an interesting result was found by Baliga et al. (2017) as their study showed that medical 
students who were taught bioethics were more interested in skits as a teaching method than those 
who were not taught bioethics, suggesting that exposure to ethics might also increase enthusiasm 
for the arts.

In the field of business, Freeman et al. (2015) used storytelling and narratives as methods to 
help achieve outcomes in leadership and business ethics. This is because they wanted to situate 
ethics as “a conversation about how we describe and re-describe self, other, and communities to 
live together and collaborate in making a better world” (p. 526). Koehn and Elm’s 2014 edited col-
lection Aesthetics and Business Ethics considers many ways that the fine and liberal arts can – and 
in their view should – be incorporated in business schools “to enhance our aesthetic sensibility and 
to improve our ethical judgments in order to live better lives” (p. 5). The substantial research out-
lined in this book, both philosophical and practical, provides many lessons that could be learned 
from engineering ethics educators and suggests many openings for research in this field.

Lessons from experience: Colorado School of Mines 
and California Polytechnic State University

Moving beyond descriptions of practice within the literature, we can learn from the experience 
garnered by educators working in programs that have deliberately adopted arts-based methods to 
teach engineering ethics. In a later section of this chapter, these methods are described more thor-
oughly to serve as a guide for others.

The interdisciplinary design, communication, and ethics course ‘IDEAS: Innovation and 
Discovery in Engineering, Arts, and Sciences’ at Colorado School of Mines (Mines) applies a 
humanities lens to design problem-solving in complex socio-technical contexts. Arts-based meth-
ods are fundamental to the course learning outcomes (including those related to ethics), and first-
year students self-select into the year-long program in part out of a desire to integrate humanities 
with their STEM coursework. Despite the students’ genuine interest in humanities topics, the edu-
cator team has noticed that they struggle with (real or perceived) ambiguity in assignments and 
assessments. In response, the instructor team has developed assessment strategies that alleviate 
these concerns and simplify the grading process for arts-based and project-based content in the 
course.
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Assignments that allow students to express themselves creatively in a medium they already 
enjoy (or choose to explore) invite them to connect personally with the material and push them 
into a mental state that favors the critical thinking and reflection required in many arts-based 
approaches. (For more on reflection and reflexivity, see Chapters 6 and 25.) For example, a self-
portrait assignment asks students to creatively depict who they are as a team member in any 
medium (visual, written, musical, or performing arts); this first requires critical reflection on their 
team experiences and their own contributions to those outcomes, and then requires development 
of a written or visual metaphor to communicate abstractions such as values and mindsets. This 
in-depth consideration of team membership reveals the ethical components of working collabo-
ratively that are often obscured when outputs are the primary measure of team effectiveness in 
engineering projects. In developing a fair assessment for an assignment such as this, it is critical to 
keep the goals and intended outcomes of the work in mind. For instance, both the level of artistic 
skill a student demonstrates and the aesthetic value of the final deliverable are largely irrelevant to 
the assignment, which is designed to evoke critical and creative thinking. A simple written ‘artist’s 
statement’ accompanying the creative work prompts the students to explain their intended message 
and draw explicit connections between their communicative goals and the concrete elements of 
their expressive work. Noting in simple, straightforward terms the significance of certain colors or 
turns of phrase, or why their musical composition speeds up or changes key, prompts the students 
again to reflect on process and engage metacognitively with their own work. Notably, the artist’s 
statement is the linchpin of the grade; while students earn credit for essentially following instruc-
tions (using a creative medium, exploring a specific topic, and so on), the ‘subjective’ portion of 
their grade that requires careful evaluation by the instructor is focused on the student’s ability to 
connect the abstract to the concrete. This approach gives students the confidence to take risks with 
their creative expression, knowing that its quality will have no bearing on their grade, and relieves 
instructors of the need to become art critics in order to evaluate their students’ work. While this is 
just one example, the model opens the door to assignments that provide immense creative freedom 
and a tangible connection to the arts, while also providing future engineers much-needed practice 
in communicating complex ideas to a broader audience.

Similarly, in project-based coursework, the bulk of the project grade falls on the student’s 
critical reflection of their process work, which must meet criteria designed to prompt depth and 
specificity in the response. Existing frameworks, such as those described in the University of 
Edinburgh Reflection Toolkit (McCabe & Thejll-Madsen, 2018), provide a solid foundation for 
developing assessment criteria. Reflection on the process helps students center the learning experi-
ence over the tangible outcomes of the project. Valuing process over product is a central mindset 
in arts education, where students are encouraged to experiment, take risks, and prioritize revision 
in crafting quality work. This mindset is also critical for ethics education, in which students must 
feel obligated and empowered to analyze their own thinking and decision-making through myriad 
lenses and societal contexts, and to re-think their positions when encountering new information 
or perspectives.

The Liberal Arts and Engineering Studies program (LAES) at California Polytechnic State 
University, San Luis Obispo (Cal Poly) offers a hybrid engineering and humanities Bachelor of 
Science degree that was created to help retain engineering students who were seeking more diverse 
approaches to engineering design and training, and to allow them more individualized control over 
their studies. The program requires the same core modules in math, sciences, and introductory 
engineering as the first 2 years of the engineering degree, but during the third year, students divide 
their studies equally between upper-level modules from the engineering college and the liberal arts 
college. The four core required LAES modules focus on project-based learning, team collabora-
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tion, project management techniques, and integration of practices and design approaches used 
in engineering and the liberal arts. LAES students focus on how language shapes distinctions of 
disciplinary practice between engineering and humanities and distinctions of professional persona 
and purpose. Students work on interdisciplinary, community-centered projects that are developed 
for, and delivered to, real-world clients for immediate use in a public, community and/or industry 
context. Authentic applications and communication with clients help students see the importance 
and complexity of ethical considerations in their work.

As students work in small scrum teams, operating within an academically adapted version of 
Agile project management, they are asked to constantly integrate the language and design method-
ologies they have learned in their engineering and liberal arts modules into a user-focused critique 
of their work-in-progress. The language that students use to describe this integrative design prac-
tice often arises from the language of usability study, especially when their project deliverable is 
a software-based system. But students also adopt some of the design and development language 
used in architecture, civic management, community support, and performing arts that aligns with 
their project and professional identities of their clients, who may be community organizers, theater 
directors, product managers, systems engineers, public education administrators, and museum 
directors. Students learn how to speak about their work in terms that make sense to their client but 
that also align metaphorically and structurally with their team’s integrated arts and engineering 
practices.

LAES students who are fresh to this process worry about how their individual work will be 
assessed. Because they are required to repeat the core project-based-learning modules twice, stu-
dents enrolled in the module for the second time take on leadership roles to guide new students 
through the anxieties and ambiguities of the integrative design process, encouraging the new stu-
dents to trust the Agile and LAES systems, and making them more comfortable, peer-to-peer, with 
learning how to translate between design and work languages and practices. Ultimately, the stu-
dents must demonstrate how they are putting sound engineering and arts-based methods to use in 
the iterative improvement process of creating a useful, professional-quality final product for their 
client in a responsive and responsible way.

Further opportunities

The lessons that can be learned from other disciplines as well as from innovators in engineer-
ing institutions point to many opportunities for meaningfully using arts methods in engineering 
ethics education despite the deeply rooted and complex barriers outlined above. These oppor-
tunities can be characterized as small shifts, such as the words we use to describe our work, or 
as more significant changes such as the adoption of different activities and pedagogies, or as 
broader structural efforts to align research and practice across a variety of areas of engineering 
education.

What we can say

To help guide future efforts of combining art with engineering ethics, we propose that curriculum 
designers use definitions and explanations of key concepts that arise from the arts while also being 
directly connected to the practice of engineering. We recommend a fresh use of language in engi-
neering education that considers engineering as art and art as engineering, therefore providing a 
linguistic framework for a productive interdisciplinary integration of art practice and conception 
throughout every level of engineering pedagogy. The key to the reconnection of art with engineer-
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ing is the human form and how it – how we – interact with, learn from, and communicate to the 
world through our manifested creations.

Above all else, the most effective method for teaching about how to combine art and engi-
neering is the actual practice of it. Being directly engaged with producing actual deliverables for 
real-world users is a far more successful and lasting form of teaching than simply discussing these 
processes and approaches in a lecture and classroom setting. In many ways, learning the language 
and process of integrative design and industrial practice is similar to learning a foreign language 
and culture – language and culture are living, evolving contexts that are best experienced first-hand 
with full immersion to provide for the most fluent and lasting understanding of how they work.

What we can do

The language used in public critiques of, and legislative efforts to manage, social media (one of 
the most recognizable forms of use of engineering technology), often suggests that Big Tech (engi-
neering) needs to be more human and therefore more responsive to the complexities of how these 
engineered systems are used in a complex social/human context (Milmo, 2021). These critiques 
can then influence the calls for improving engineering practice by improving engineering educa-
tion by integrating more humanistic (such as arts-based) forms of design, problem-solving, and 
ethical training and practice throughout engineering curricula (Osgood, 2017; Schwartz, 2007). 
We argue that these recommended improvements in engineering education cannot be effectively 
addressed by just adding a few arts and ethics courses to the curriculum; instead, arts-based meth-
ods and ethics need to be integrated throughout the engineering curriculum as an acknowledgment 
that engineering is an important, interrelated aspect of being human, and that arts and ethics have 
always been important, interrelated aspects of being an engineer. This section outlines a range of 
approaches to integration of engineering ethics and the arts.

Perry et al. (2011) outline two overarching ways in which the arts can be used in healthcare 
education; we expand on these for an engineering ethics context and add a third possibility, all 
of which could allow engineering education to embrace a fuller, deeper, more comprehensive 
approach to ethics learning. First, students could experience art first-hand, including reading lit-
erature, attending an art gallery or play, or watching a film. Watching films is one option to deepen 
and broaden engineering ethics instruction; Hitt and Lennerfors (2022) describe how this could 
manifest through the use of Miyazaki’s The Wind Rises. In our experience using science fiction 
to teach ethical concepts in the IDEAS course at Mines described by Burgess (2019), we found 
that students displayed some of the highest levels of engagement in the discussions and activities 
during the class sessions devoted to the short stories. The stories addressed topics such as cul-
tural norms in engineering, personal ethical decisions and their effects on society, and the impacts 
of emerging technologies. In the context of medical education, Delany and Gaunt (2018) used 
educational sessions based on students viewing art in a gallery to foster critical thinking about 
ethics in clinical practice. In both these examples, educators collaborated with experts who had 
disciplinary expertise to implement the activity (i.e., a professor with a Ph.D. in literature and an 
art curator, respectively). Key to adopting these methods, therefore, is a willingness for interdisci-
plinary collaboration, something that educators are not necessarily trained in or have comfort with. 
Mentorship and reaching out to exemplars can help alleviate this discomfort.

Second, students could be engaged in creating art of their own. Creativity has been increasingly 
cited as essential to engineering practice (Bruhl & Bruhl, 2020); however, it is less discussed in 
relation to ethics. Some scholars have explicitly linked the use of arts-based methods to creativ-
ity development in engineering design (Laduca et al., 2017; Spuzic et al., 2016), but we believe 
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engineering ethics education is also an excellent avenue for fostering creativity. Kazerounian and 
Foley (2007) set forth ten maxims of creativity in education, of which many relate directly not only 
to the process of creating art but also to the practice of ethical deliberation: for example, ‘keep an 
open mind,’ ‘ambiguity is good,’ and ‘search for multiple answers.’ Baliga et al. (2017) found that 
using skits to teach components of bioethics fostered “critical thinking and creative brainstorming 
when dealing with controversial topics” (p. 78) and Freeman et al. (2015) show how “the exercise 
of the kind of creative muscles involved in … theater” (p. 522) develops empathy, encourages 
self-reflection, and connects to the complexities of professional issues. Additionally, our teaching 
experience has demonstrated how engaging in a creative project with a group necessitates com-
munication and collaboration, other transferable skills required for twenty-first-century engineers.

Finally, we suggest that students could be engaged in a deliberate process of making mean-
ing through arts-informed experiences. This interpretive process is vital because it is possible to 
observe and create art (and reflect on those experiences) without considering what those experi-
ences mean for, or how they can apply to, professional engineering practice (Haidet et al., 2016). 
This is a challenging process to engage in, due to the pervasive ‘two cultures’ biases. However, 
it is essential for strengthening the relationship between engineers and the public that they serve; 
as Seedhouse (1988) explains, ethical actions stem from a person’s awareness that what she/he 
does is socially important. Meaning-making is also concerned with revealing how engineering is a 
human activity and therefore necessarily encompasses the ‘whole human’ range of experiences – 
values, emotions, complexities, and relationships (Snieder & Zhu, 2020). Practice in interpreting 
an arts-informed experience can serve as a proxy for interpreting a professional situation or ethical 
dilemma and can allow for the incorporation of students’ “own emerging professional identity into 
the ethical analysis and reflection” (Delany & Gaunt, 2018, p. 522). Prompting students to reflect 
on specific questions can guide them to make meaning from arts-informed experiences and give 
them the opportunity to find direct connections to their own technical knowledge and interests.

Each of the three approaches illustrated above could be adopted on a spectrum from relatively 
simple ‘micro-insertions’ into existing curricula (see Davis, 2006) up to foundational integration 
across an entire unit, module, or program. Educators seeking to try out arts-based methods may 
naturally be inclined to begin with small interventions in order to observe benefits and barriers 
within the context of their specific courses. The instructor must first consider their own skills and 
comfort levels with the range of arts-based approaches they might choose from. For example, the 
challenges of moderating a live in-class discussion are distinct from those of assessing or respond-
ing to students’ artistic work. Possible micro-insertions that do not require significant on-the-spot 
improvisation or synthesis from the instructor include activities such as (1) viewing a video, listen-
ing to music, or reading a short story followed by small-group discussions or individual reflections 
on a prewritten set of questions or prompts; (2) working in small groups to conduct brief ‘vox pop’ 
style video interviews, which can then be screened in class or assigned as homework viewing, 
to gain a broad set of perspectives on an ethical question or topic; (3) individually maintaining 
a learning journal or other artifact (blog, vlog, sketchbook) that prompts periodic reflection on 
course topics, perhaps supported by an existing reflection framework such as the University of 
Edinburgh Toolkit (McCabe & Thejll-Madsen, 2018). These examples are also likely to be suc-
cessful (in producing the desired learning outcomes) in classrooms where a culture of trust and 
open discourse has not yet been developed.

Perhaps counter-intuitively, there is some risk when introducing a single arts-based activity 
or lesson plan into an otherwise traditional course that students will be particularly attuned to its 
‘oddness’ and, therefore, be more skeptical or resistant. Taking time to contextualize the activity 
and transparently state the motivations for assigning it can help assuage students’ concerns. More 
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broadly, integrating arts-based perspectives and practices across multiple facets of the course can 
normalize these approaches and earn students’ trust over time. Such efforts can still be small, such 
as prompting written reflection after class activities or assignments, as advocated outside the con-
text of arts-based methods (e.g., Harding et al., 2015).

Arts-based adoptions that require more commitment in terms of class time and instructor prepa-
ration include activities that may span multiple class sessions or require scaffolding across an entire 
unit. For example, York and Conley (2020) detail an approach they term ‘Creative Anticipatory 
Ethical Reasoning,’ which engages students in the ethics of fictional future techno-social scenarios 
such as the widespread adoption of autonomous vehicles. The case study occupied 2.5 weeks of 
class time in their implementations and was preceded by introductions to key concepts through 
various readings. Such efforts may stretch the expertise of engineering educators working inde-
pendently but offer rich opportunities for collaboration across disciplines, which can mitigate the 
concerns around imposter syndrome and mismatched professional expertise.

Embedding the arts in engineering beyond ethics

We believe that the necessary expansion of this field of study can begin with an understanding of 
how arts-based methods in engineering ethics link to and build from three more well-established 
research fields which are useful entry points for future scholars. These are active learning (includ-
ing the service learning and challenge-based learning discussed, e.g., in Chapter 23), the STEAM 
movement widely adopted in primary and secondary education, and the integration of liberal arts 
and engineering more generally (Hitt et al., 2023). These three existing movements can be built 
upon to bolster further research and practice in using the arts to extend and improve engineering 
ethics education.

Additionally, addressing the attitudes and attributes that professionals should cultivate can be 
used to leverage research on the inclusion of the arts, such as the curiosity, creativity, and reflec-
tion articulated as ‘Engineering Habits of Mind’ (Lucas & Hanson, 2014). Professional, industrial, 
civic, and commercial contexts demand the transferable skills that arts-based methods promote. For 
instance, there is wide consensus on the sustainability competencies that engineering practitioners 
must cultivate (ABET, 2020; AdvanceHE, 2021; Arizona State University, 2018; Engineering for 
One Planet, 2022; European Commission, 2022). These typically include systems thinking, val-
ues thinking, strategic thinking, collaboration, and futures thinking. Besides values thinking and 
collaboration, which we have already shown to link neatly with the arts-based methods outlined 
above, Kinsella and Bidinosti (2016) have shown that the arts can enable ‘anticipatory compe-
tence,’ another term for futures thinking: that is, the ability for students to “imaginatively [project] 
themselves into their future practice in terms of the values they intend to bring, the actions they 
wish to take, and the type of practitioner they’d like to become” (p. 314). This could be extended 
to emphasize engineering ethics: thinking about the kind of future we want to create. Further, the 
arts have been shown to foster eco-centric views in engineering students, as described by Paek 
and Kim in their 2021 study of a workshop used to promote empathy and ecological sensitivity. 
We encourage researchers to systematically study the connection between arts-based methods and 
professional competencies in engineering education.

Conclusion

Successful adoption of arts-based methods in engineering ethics requires a complicated and critical 
scholarly effort that can demonstrate the value of the arts in ethics education and the effectiveness 
of arts-based methods in engineering education more generally. Practitioners reconnecting these 
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disciplinary lenses must also analyze real boundary constraints and learn when these approaches 
work most effectively and when they might be likely to fail. Additionally, scholarship needs to 
move beyond accounts of practice and calls to action – and more towards research on implementa-
tion and systematic studies. The good news is that there are many entry points for educators and 
researchers from all disciplines to contribute to this exciting field that can make arts and practical 
ethics a more comprehensive and interconnected part of the engineering curricula and thus create 
a broader educational experience for tomorrow’s engineers.

Finally, we believe that education is fundamentally a human process of becoming. Engineering 
students are often young adults who are still discovering and questioning their values as they con-
nect to new perspectives and communities through their peers and mentors. Using the arts in teach-
ing engineering ethics can help students reveal themselves to themselves on a personal as well as 
a professional level, serving as a mirror for self-reflection and re-establishing the fundamental 
connections between being a human and being an engineer.
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Reflection in higher education

Reflection is a central competency in higher education and one of the highest forms of cognitive 
achievement in Bloom’s taxonomy (Bloom et al., 2020), meaning that it is difficult to achieve but 
worthwhile to pursue. In this section, we aim to describe what reflection is and what its benefits 
are for our context of application, namely engineering ethics education (EEE). We cannot offer an 
overview of the existing models or the history of the concept of reflection since this would require 
a chapter in itself. Prominent scholars like John Dewey (1933), Donald Schön (1984), and David 
Kolb (1984) proposed detailed accounts of reflection that have been used as conceptual underpin-
nings for developing structured processes of reflection and reflective practice. Dewey’s description 
of reflection as a general mode of thought and cognitive process that highlights the interactions 
between experience and self provides a valuable lens to describe what reflection is and how it can 
be incorporated into general educational settings. Dewey defines reflective thought as “Active, 
persistent, and careful consideration of any belief or supposed form of knowledge in the light 
of the grounds that support it and the further conclusions to which it tends” (1933/2008, p. 118). 
Dewey’s account was philosophical and guided by existential and phenomenological principles, 
and much of the ensuing research on reflection tried to operationalize Dewey’s insights into more 
applicable principles for education (English, 2023).

Rodgers (2002, p. 845) summarizes Dewey’s view, distilling four main criteria for defining 
reflection:

• It is “a meaning-making process”
• It is a “systematic, rigorous, disciplined way of thinking”
• It takes place “in community, in interaction with others”
• It would require “attitudes that value the personal and intellectual growth of oneself and of 

others.”

Briefly, as Rodgers (2002) explains, the first criterion points out the primary function of reflection, 
to grapple with the various interpretive possibilities of ethical situations; the need to reconstruct 
the experience to understand the problem initially obscured in layers of complexity. The second 

Lavinia Marin, Yousef Jalali,  Alexandra Morrison, and 
Cristina Voinea

25
REFLECTIVE AND DIALOGICAL 
APPROACHES IN ENGINEERING 

ETHICS EDUCATION
Lavinia Marin, Yousef Jalali, Alexandra Morrison, and Cristina Voinea

DOI: 10.4324/9781003464259-30
This chapter has been made available under a CC-BY-NC-ND license.

10.4324/9781003464259-30

http://dx.doi.org/10.4324/9781003464259-30


Lavinia Marin, Yousef Jalali,  Alexandra Morrison, and Cristina Voinea 

442

Reflective and dialogical approaches in EEE

criterion addresses the process of reflection as a way of conscious and deliberate thinking. In this 
process, one draws on the meaning of experience, develops possible alternatives and hypotheses 
for a given situation, and then subjects these to testing and experimentation. The third criterion 
highlights that reflection is not merely a solitary action. While it is plausible that moments of 
pause and engaging in solitary research may serve as a valuable exercise, it is through dialogue 
that one can see the experience from a different lens and further expand one’s understanding. This 
is also true for those who teach praxis and facilitate reflection practices; relationality is the essence 
of reflective thought (Buber, 1958; Freire, 2005). The fourth criterion points to a set of attitudes 
needed for an individual to engage in reflective practice, mainly awareness of one’s own limited 
perspective, open-mindedness and willingness to seek counter-evidence, and being responsive to 
the particularities of the unique situation and the needs of others.

Focusing on the practice of reflection within higher education, Ryan (2013) elucidated this con-
cept by delineating two key elements and four levels. The two elements of reflection are “making 
sense of experience in relation to self, others, and contextual conditions” and “reimagining and/or 
planning future experience for personal and social benefit” (Ryan, 2013, p. 145). The two elements 
capture the core of the process of reflection illustrated by Dewey: experience and interpretation 
of the experience, and developing and experimenting with potential alternatives (Rodgers, 2002). 
Further, Ryan illustrates four levels of reflection, which provide direction to both the teacher/facili-
tator and students. In educational practice, the four levels of reflection are:

• reporting/responding
• relating
• reasoning
• reconstructing

These point to identifying and reporting key issues, relating issues to background and experience, 
analyzing situations considering different perspectives, and alternatively, reframing and experi-
menting with the course of action. In a similar vein, some scholars of service-learning provide 
practical advice for incorporating reflection into educational settings, highlighting the need for 
understanding the meaning of experience, surfacing and challenging assumptions, and creating 
opportunities for sharing perspectives to develop more complex views of situations or problems 
(Eyler, 2002; Hatcher & Bringle, 1997).

In this chapter, we are particularly interested in how reflection emerges in the context of EEE 
and what methods exist for systematically fostering ethical reflection in formal engineering educa-
tion.

Reflection in engineering ethics: ethical reflection

In engineering education, reflection has been recognized as facilitating students’ learning and skill 
development (e.g., Turns et al., 2014; Woods et al., 2000). Specifically, in the context of engineering 
ethics, scholars have emphasized the benefits of incorporating reflective practices, such as ethical 
reasoning, awareness of experience, the meaning-making process, fostering openness to new pos-
sibilities, and developing ethical sensitivity and commitment (e.g., Beever and Brightman, 2016; 
Bielefeldt et al., 2020; Bombaerts et al., 2022; Bucciarelli, 2008; Corple et al., 2020; Kim et al., 
2019; Lönngren, 2021). Ethical reflection is considered foundational for most ethics classes in 
most professional fields (Chadwick, 2012, p. 718), beyond the cognitive reasons that make reflec-
tion a worthwhile process to pursue. In engineering ethics, the goal is not only to learn something 
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(i.e., an epistemic goal) but is also existential, that is, to transform how one views the profession 
as a whole in the context of larger political, economic, and social structures. Self-transformation 
without reflection is hard to imagine (Mezirow, 2006), which is why engineering ethics pedagogy, 
if it is to succeed, must also resist the tendency toward instrumentalization. Dewey theorized that 
reflection only ‘gets off the ground’ when students are given the space to question and experience 
ambiguity. Benefits for students are often described concerning the ‘process’ of ethical reasoning, 
considering broader non-technical factors and being more critical in decision-making. Reflection 
as a mode of thinking enables us to continuously monitor our assumptions and values and bridge 
experiences, self, and situation. While reflection is a general pedagogical practice that can be 
deployed in almost any curriculum, ethical reflection is a competency more specific to EEE schol-
arship (Bielefeldt et al., 2020; Bucciarelli, 2008; Colby & Sullivan, 2008; Marin, 2020; Royakkers 
& van de Poel, 2011). In this chapter, we are concerned with the process of ethical reflection, what 
it can borrow from reflective practice, and what is unique about ethical reflection qua reflection. 
If reflection is “a careful examination and bringing together of ideas to create new insight through 
ongoing cycles of expression and re/evaluation” (Marshall, 2019, p. 411), how is ethical reflection 
distinctive?

To define ethical reflection, we turn to a model put forth by van de Poel and van Gorp (2006). 
They take ethical reflection to be a form of moral deliberation in which:

engineers should take into account all relevant moral values. Designing engineers should, 
for example, reflect on the choices they make regarding the relative importance of safety, 
economic, and sustainability considerations … Typical for ethical reflection is that the actual 
existing way of dealing with moral issues is not taken for granted.

(van de Poel & van Gorp, 2006, p. 335)

Thus, for ethical reflection, students and practitioners first recognize that there is a normative 
issue at stake that existing ethical frameworks or codes of conduct cannot solve straightforwardly 
(Grunwald, 2000). If the need for a non-trivial solution is recognized, then they need to launch 
into a process of ethical reflection. Ethical reflection shares with the wider concept of reflection 
its four-component model (of cognitive assessment, active, iterative, and integrative aspects), but 
all these are applied to the ethical theory realm. What this realm contains is up for debate, though. 
While van den Poel and van Gorp (2006) confine the realm of ethical reflection to ethical values 
and theories, others, such as Erin Czech, also identify political and social values as legitimate ethi-
cal concerns, hence worthy of ethical reflection (see Morrison, 2020).

The process of reflection shares some of the elements of moral deliberation – from our engage-
ment with an ethical problem to experiencing perception and action in imagining possible courses 
of action and transforming the situation and the self. Within educational praxis, the goal of the 
process is not necessarily to arrive at a particular answer but to provide opportunities for students 
to grapple with the perplexity of a given situation, envisioning various courses of action and criti-
cally evaluating their relative merits, thereby enhancing their understanding.

Ethical reflection can take many forms in educational practice, which we will delve deeper 
into in the third section. But for a quick insight into how it might look, let us consider the 
‘Revenge Test’ (Jalali et al., 2021), a scenario in which students imagine taking revenge in a situ-
ation. The facilitator asks students to think about why they would take revenge. Group discussion 
provides an opportunity for communicating different perspectives and understanding alternative 
meanings of experience. Students can increase their awareness of their own values, question 
their assumptions, and see new emerging questions and ideas. Next, the facilitator presents a 
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challenge: while we often imagine someone else’s future experiences in a negative or cruel man-
ner, we may lack insight into envisioning positive future experiences for others and fostering 
meaningful relationships. The facilitator begins by asking students to describe a given story/
scenario to encourage participation. Then, the discussion can move to identify the main issue, 
inviting students to consider ‘what’ and ‘why’ questions (Jalali et al., 2022). The facilitator can 
assist in uncovering (i.e., making explicit) the students’ values, backgrounds, and experiences 
during this process, fostering an environment where students are encouraged to reframe their 
perspectives and adopt new lenses to examine the issue. Consistent with embodied perspectives 
of reasoning, pedagogical methods, and the design and reflection on intervention outcomes, these 
rely on students’ lived experiences (Civjan & Jalali, 2022). Sharing, feedback, and reflection on 
students’ perspectives provide opportunities for experimentation, out of which more questions 
may be raised. This example showcases important constituents of reflection – connecting experi-
ence with a given situation, questioning values and assumptions, discussing alternative perspec-
tives, and stretching reasoning in considering different possibilities (Eyler, 2002; Rodgers, 2002; 
Ryan, 2013).

Based on research in phenomenology and cognitive science, we emphasize that addressing an 
ethical dilemma requires understanding the problem and simulating potential scenarios through 
imagination (Johnson, 1993). This process cannot be isolated from who we uniquely are and what 
experiences, values, and emotions bring to our sense and interpretation of the given situation 
(Marin & Steinert, 2022). Suppose moral deliberation is not about applying habitual patterns of 
thought and fixed rules. In that case, there needs to be an ongoing interplay between thinking and 
experience where we can continually expand our boundaries and reorient and adjust our thought 
patterns (Johnson, 1993). There is a clear connection between reflection and ethical awareness 
in engineering. A deeper understanding of the ethical implications of professional activities can 
foster an ethically informed community of tech and engineering students.

In this chapter, we propose that adopting reflective and dialogical approaches can familiarize 
(and habituate) engineering students with the process of ethical reflection. This may, over time, 
cultivate a professional culture that prioritizes ethics in technology development and implementa-
tion. We argue that all reflective approaches in ethics education are grounded in dialogical encoun-
ters with oneself, others, and texts. We show that reflection is fundamentally dialogical and that 
successful dialogical methods will stir reflection. We aim to examine the existing reflective meth-
ods used in EEE in order to reveal their modes of dialogical engagement, based on this theoretical 
premise. It is important to note that every reflective method has its own set of advantages and 
drawbacks, which we will briefly describe. We end the chapter with practical recommendations for 
instructors aiming to instill ethical reflection in their classrooms.

Some theory: the dialogical nature of ethical reflection

Reflection as a dialogical and mediated encounter

In this section, we will discuss how the phenomenological philosophical tradition informs how 
we think about reflection. Briefly, phenomenology is a major current in European philosophy that 
emerged at the turn of the twentieth century with Edmund Husserl’s meticulous studies of lived 
experience. Following him came a procession of philosophers like Martin Heidegger, Jean-Paul 
Sartre, Simone de Beauvoir, and Maurice Merleau-Ponty. While these philosophers have distinc-
tive and not-always-compatible philosophical views, they nevertheless share a methodological 
commitment to rigorous descriptions of concrete lived experiences.
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As this is an expanding area of research that affects different fields such as cognitive and neu-
rosciences, philosophy of technology, healthcare pedagogy, and the social sciences, it has become 
evident that our experiences, precisely because we are bodies, are not trapped in a realm of per-
sonal mental representations, but rather that our embodied selves are always already caught up 
in and shaped by a historical and sociocultural milieu. This highlights the numerous ways in 
which our experiences are shaped by our physical bodies and the environment in which we live. 
When objects appear to us, they always do so within a particular horizon of implicit meanings, a 
tacit interpretive framework that structures the modes of appearance and the possibilities for our 
involvement. Thus, the field of our experience always has a social and ‘intersubjective’ character.

What does this mean specifically for reflection? First, we must pause and ask where reflection 
is happening and what its object is. The term ‘reflection’ itself might lead us to think that what is 
at issue here is an inquiry directed towards the self, toward one’s own inner life. There is a long 
philosophical heritage going back to René Descartes’ famous ‘cogito’ argument (‘I think there-
fore I am’) behind this idea of reflection as self-directed introspection. As the Cartesian tradition 
exemplifies, this approach tends to lead to a kind of ‘mind–body dualism’ insofar as it treats the 
mind as something ‘interior’ and detached from the world. This presupposition of detachment has 
profound implications for how we think about agency, ethics, and our involvement with others and 
with technologies. Phenomenology, on the other hand, when it uses the term ‘reflection,’ has in 
mind a kind of attentive directedness toward the field of lived experience itself. Its methodologi-
cal aim is to avoid presuppositions and begin with a description of how experience happens. This 
brings to light certain features of experience that can be taken as guides for philosophical inquiry 
into ethical life.

First, in attending to the happening of experience, I notice that most of the time, I am not the 
object of my experience. My attention is instead directed toward taking care of projects in the 
world. For example, I am frequently absorbed in tasks like buying groceries and traveling between 
home and work, as well as attending to the larger projects of my career and family life. Many 
phenomenologists draw our attention to the way in which our experience is seamless – that we are, 
first of all, and for the most part, absorbed in meaningful tasks and contexts of action. For instance, 
utilizing my car to drive to the store, taking out my wallet while at the checkout counter, typing 
on my laptop, sharing announcements on the learning management software I use to interact with 
students, and employing various other technological devices – these are all continuously shap-
ing the form that my experience takes. And yet, I am not reflecting on my use of those tools and 
devices but rather on the sense and the overall aim of my engagement. Again, I find that my lived 
experience is most often not explicitly self-aware.

Once we attend to the goal-directed character of our experience, we notice that these tasks 
are always undertaken within a coherent and contextualized whole. I never encounter raw ‘data 
points’ or feel ‘bare’ sensations. I am absorbed in situations that are always already sense laden. 
The inherent meaningfulness of these contexts lets me be absorbed and attentive to them. Driving 
to the store this morning, I did not have to explicitly cognize, step by step, how to shift the gears 
to slow down or signal left into the parking lot. At that very moment, all of my attention was on 
two pedestrians, a mother and child, who were motioning to cross the road in front of my car. Yet 
I can vaguely recall, many years ago, when I first learned to drive, that driving was an ‘alienated’ 
and self-conscious experience that is emphatically not how it is now. Because my body and my 
consciousness are inextricably intertwined, after practice and eventual habituation, my car func-
tions as a seamless extension of my bodily intentions. I am a skillful driver precisely because I 
‘forget’ the explicit details of driving, allowing me to pay attention to pedestrians. This example 
is not at all extraordinary – most of our experiences take this form. However, it does mean that we 
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often take the intelligence of our embodiment for granted because, much of the time, we are busy 
enacting meaning in the world through our projects. We are only able to make sense of the world 
through our actions. We are embodied because we are ‘gearing into’ the world, both literally and 
figuratively.

This brings us back to that essential component of lived experience that we mentioned at the 
beginning of this section – which is that it is always involved with others – and the essentially ‘inter-
subjective’ character of this involvement. The world appears to me as a ‘context of significance’ 
open to me and others, which confers on my experiential contexts their latent sense of ‘objectivity.’ 
I am immediately aware of the significance of others’ actions, and I am aware that they are aware 
of mine. In our seamless bodily involvement with the world, our actions are also expressive. We are 
geared into a shared cultural horizon of meaning. This means that, fundamentally, others are inside 
of my experience. For example, while slowing down to make way for the pedestrians crossing the 
road, I made eye contact with the mother. In a split second, she read my intention – just as I felt her 
concern. My glance conveyed that I had seen them and that they were safe to cross.

Again, this is not extraordinary. Because my experience is constitutively intersubjective, my 
awareness of myself as a moral agent is dialogically mediated through others. All of our experiences 
take this general form: We are attentive to the meanings of our embodied actions with respect to 
their ‘interrelatedness’ or interpretability by others. It is my recognition of the ‘gaze’ of the other 
(whether literal or imaginatively anticipated) interpreting the meaning of my actions in particular 
contexts that directs my own ‘gaze’ back to myself. That my experience is always open to others 
calls me to respond and to be responsible. Recall that the first feature we noticed about our lived 
experience was that we are not explicitly self-aware most of the time. It takes others to get us there.

Before we conclude this section, it is worth noting that being attentive to the ‘intersubjective’ 
character of experience is further complicated by the fact that more and more of our relations 
with others are technologically mediated. Reflection on the social and shared character of mean-
ing-making necessarily includes grappling with the material contexts of our relations with others 
– because the meaning of those relations is transformed when mediated through technological 
artifacts and systems. American sociologist Sherry Turkle has reflected deeply on the contempo-
rary digitally mediated social world, and she describes the particular and peculiar phenomenon of 
‘being alone together’ (Turkle, 2011). According to Turkle, our phones and other communication 
technologies create a false sense of connection with others by disconnecting us from the meaning-
ful contexts in which we first encounter them. Instead, they connect us in ways that are abstract 
and do not account for the shared meaning and understanding that comes with face-to-face com-
munication. Here, we find a danger that certain technical mediations of our experience can thwart 
our capacity to attend to the real sources of meaning, including ethical meaning, in our experience.

To put it briefly, phenomenology is a technique that helps us understand and explore our expe-
riences in their own context, with the goal of uncovering the ways in which significance arises. 
Taking seriously these phenomenological insights (that experience is embodied, intersubjective, 
and technically mediated) poses a challenge to traditional approaches to professional ethics that 
rely on abstract rules or codes. This approach often views ethical living as analogous to using 
tools, where the focus is solely on determining the appropriate rules for using the tools available to 
us. Phenomenology, by highlighting the way ethical meaning arises in our experiences, redirects 
our attention towards exploring how our tools (and collections of tools) influence our relationships 
with the world and others. It prompts us to examine how they bring certain things into focus while 
obscuring others, and how they shape our perception of what (and who) is significant. Ethics then 
becomes less ‘a simple matter of correct tool use’ and more a question of ‘design and responsible 
agency.’ Such phenomenological reflection, in the context of engineering ethics pedagogy, enables 
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students to see for themselves the emergence of ethical meaning and responsibility in their experi-
ence and in the professional context for which they are becoming prepared.

Dialogical education and dialogism

Dialogical education has been a growing trend in educational theory in the last decades (Mercer et 
al., 2020). Dialogism as an educational movement started from and inspired by Mikhail Bakhtin’s 
theoretical work : “Dialogism is a philosophy of language which places central importance on 
the reality of socio-verbal interaction in understanding the kind of phenomenon that language is” 
(Skidmore, 2020, p. 27). A constitutive principle of dialogism is that “Truth is not born nor is it 
to be found inside the head of an individual person; it is born between people collectively search-
ing for truth, in the process of their dialogic interaction” (Bakhtin, 1929/1984, p. 110, cited from 
Wegerif, 2020). Dialogue is then defined as a method in which “students learn through being 
called out by others into active engagement in ongoing dialogues” (Wegerif, 2020, p. 23), where 
this other can be another human being, a generalized other (e.g., society, a body of knowledge), or 
a non-human other (e.g., nature, a technological artifact). The fundamental principle of dialogism 
is ethical and epistemic, as it entails that epistemic values and achievements are always found in 
encounters with another. Moreover, seeking opportunities for encounters is something valuable 
that one should seek systematically if one wants to develop oneself.

Dialogue is not a mere conversation – talking about something in front of another; it is also 
affected by how the other responds (verbally or non-verbally). There are many educational formats 
centered around dialogue in EEE: interacting with stakeholders (e.g., interviews), having discussions 
with peers about a case study, interacting and deliberating via online platforms, role-playing, mock 
trials, and so on. Yet, not all such interactions are dialogical; the possibility of being affected by oth-
ers varies based on the specific configuration. There are also other practices that one could call mono-
logical (based on a simple distinction of how many voices one finds in practice), such as writing 
reflective journals or essays, which are used in engineering ethics instruction to promote reflection.

Our central claim is that any pedagogical activity aiming to instill an experience of ethical reflec-
tion in the ethics classroom needs to be infused with dialogism at some level. This claim is based 
on discriminating between superficial dialogical exchanges and genuine dialogical exchanges. A 
superficial dialogical exchange is one where we merely enact a dialogue as an exchange of replies: 
A says this, B replies, and A then takes their turn, and so on. We call this ‘superficial exchange’ 
because taking turns while speaking does not ensure a dialogue between those involved. One can 
see such a non-dialogical exchange in formal debates or in the ‘Ethics Bowls,’ where students can 
respond to each other’s arguments for the sake of winning the debate without letting the debate 
change their opinions on the matter at hand. In a genuine dialogical exchange, by contrast, the 
other – be this human, non-human, or a generalized other – can challenge and change the inter-
locutors, who are vulnerable and open to listening. This means that dialogical experiences are not 
necessarily about encountering others; one can encounter oneself through technological mediation 
or when writing a text. Even ‘classical’ monological practices, such as lecturing, journaling, or 
watching a movie, can be injected with dialogical elements (formally) and serve the same purposes 
depending on how open and engaged the participants are.

Drawing from the theory of dialogism with its ethos of being attentive and vulnerable to the 
voices of others as potentially changing ourselves, and the phenomenological nature of reflec-
tion – as a transformative experience, mediated, happening ‘in between’ – we will now examine 
activities and methods that promote dialogical encounters and that thus seem promising as sites 
for ethical reflection.
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Some praxis for fostering ethical reflection – methods and approaches

Before we review the existing educational methods for fostering ethical reflection, we need to 
emphasize that there are complexities in instilling reflection, and there is not one single bullet-
proof method for this endeavor. Here, we single out two main difficulties to be expected and 
planned for when fostering reflection systematically.

The first difficulty concerns the effort required for reflection and the self-transformation 
entailed. These may come as unpleasant surprises for many students and, perhaps, for instruc-
tors as well. Regarding fostering reflection in classroom practices, some commonly used methods 
include reflective notebook writing and in-class discussions (Walker, 2013). These are valuable 
methods when used systematically, yet they do not work by themselves without being tweaked and 
adapted to the specific cohort of students. Teachers will not trigger reflection by merely assigning 
a journal entry or leading a class discussion on ethical issues, because reflection is not idea genera-
tion. Reflection is not merely ‘thinking about’ something, a brainstorming session, or jotting down 
strings of opinions about a controversial case. When we, as educators, ask for reflection from our 
students in the ethics classroom, we ask for more than simple assignments. We ask for an effort that 
is uncomfortable emotionally (Mikalayeva, 2020); we ask for vulnerability and self-disclosure. 
For this, we need to showcase what reflection is and provide examples of it. We can start with 
simple models and move toward more complex ones.

 The second significant difficulty lies in the open-ended nature of reflection. Reflection, as we 
construe it here (drawing as we have from Dewey), is an experience of thinking that the subject 
undergoes once they encounter resistance from the world. Engineering students are well-versed 
in problem-solving. Even when confronted with an ethical dilemma, their first approach is to treat 
it as a problem with only one correct solution. The problem-solving mindset (sometimes called 
the ‘techno-fix mindset,’ see Huesemann & Huesemann, 20111) conceptualizes ethical concerns 
as something ultimately solvable through the power of reason and knowledge in a rationalistic 
vein (Warford, 2022). This attitude focuses more on finding a solution to what is perceived as a 
problem rather than dwelling on the problem itself and exploring its complexity. A central goal 
of reflection is not merely to ‘solve’ the problem as such – although, based on ethical reflection, 
arriving at new designs is encouraged (van den Poel & van Dorp, 2006) – but rather to make the 
student aware of their situated thinking and how their assumptions play a role in what they per-
ceive as viable solutions. The techno-fix mindset clashes with the ethos of reflection, which treats 
problems as open-ended, complex, and as a source for self-knowledge. Due to its prevalence in 
engineering education, the techno-fix mindset often stands in opposition to the practice of ethical 
reflection. Moreover, the so-called ‘hidden curriculum’ in engineering (Tormey et al., 2015) makes 
it seem that ethics and ethical reflection are not necessary for doing solid engineering work and 
are somewhat at odds with engineering. Engineering students are, by and large, trained not to care 
about ethical issues and to avoid ethical reflection on the issues emerging in everyday engineering 
practices.

Nonetheless, the methods advanced throughout this chapter are meant to encourage collabora-
tive learning, divergent thinking, and critical, constructive in-class debates, which might open 
students to reflection. More importantly, all these methods are egalitarian, as they stress the need 
to listen and respond to others and to build on their inputs while focusing not on the interlocutor’s 
social position but on their arguments and grounds. No matter how sophisticated our methods may 
be, engaging in reflection is a task that is effortful and emotionally vulnerable – especially when 
we ask students to reflect in front of others. As educators, it’s crucial to delineate our intentions 
behind incorporating reflection into a course. We must identify when, during the course or learn-
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ing process, we aim to promote reflection, whether it involves individuals, classmates, or even 
inanimate objects. Subsequently, we should tailor our pedagogical methods to effectively foster 
this reflective practice.

How can educators create opportunities for students to participate in critical inquiry processes 
that prioritize essential aspects of moral deliberation? Ones that place emphasis on the ‘qualita-
tive unity’ of a situation, individual values, backgrounds, and experiences, as well as encouraging 
the imagination and evaluation of various alternatives? This section explores the main existing 
methods to incorporate ethical reflection. We have divided these methods into four main catego-
ries – dialogical and monological, synchronous and asynchronous – based on the temporality of 
the method. Via monological/dialogical polarity, we aim to stress that the dialogical experience 
will vary depending on whether the main challenge of the method is encountering others (e.g., col-
leagues with diverging ethical intuitions and arguments or the unseen stakeholders for whom one 
is designing) or encountering oneself (e.g., one’s beliefs, attitudes, and biases).

Four main types of activities for instilling ethical reflection

We have identified four main categories of methods for teaching reflection:

 A. Monological and synchronous
• Writing prompts in the classroom for individual students
• Exam with essay-type answers (e.g., argue for … explain why … analyze this case …)

 B. Dialogical and synchronous
• Case studies with complex iterative deliberation (ethical cycle)
• Role-plays
• Mock-trials with deliberation
• Tinkering with artifacts (design, redesign, optimization)
• Group design of educational activities
• Group essays written collaboratively, simultaneously

 C. Monological and asynchronous
• Essay as homework
• Reflective notebooks

 D. Dialogical and asynchronous
• Online deliberation (forum-like debates with threads of nested messages)
• Commenting on another’s written reflection (peer feedback)
• Group essays written sequentially
• Below, we analyze a token from each of the four categories of methods for instilling 

reflection.

A. Dialogical and synchronous

Case studies

One common dialogical approach used, especially in engineering and business ethics, is the case 
study that presents students with various morally problematic situations and invites them to find 
solutions or to imagine new ways of tackling the issues presented (Colby & Sullivan, 2008; see also 
Chapter 20). The case-study method can help students familiarize themselves with moral judgment 
processes and acquaint them with the ethical standards for their profession (Davis, 1997). Despite its 
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centrality in engineering ethics classes, the case-study method has been criticized for being exclu-
sively individualistic in its scope, leaving aside the complexities of the context (Bucciarelli, 2008) 
and the broader macro-ethical context, meaning ‘the profession’s collective social responsibility … 
to societal decisions about technology’ (Herkert, 2005, p. 374). Moreover, the overuse of dramatic 
disaster case studies tacitly suggests to students that ethical decision-making is an exceptional occur-
rence rather than a day-to-day demand (Morrison, 2019). One way to remedy these deficiencies of 
the case-study method is the role-play strategy, as proposed by Martin et al. (2019). In role play–
based case studies, students are asked to form groups representing the stakeholders involved (Doorn 
& Kroesen, 2013). This encourages students to take a more active stance when trying to find a solu-
tion to the problem presented in the case study. It also familiarizes students with the different interests 
of the parties involved. Assuming a role is about adopting a situated position in the world, with its 
epistemic limitations and values, is helpful if we want students to reflect on the situatedness of their 
own position and help them contextualize their thinking. There are caveats to role-playing, however. 
The role can be assumed superficially, played based on stereotypes about the profession, or overtly 
focused on performance rather than reflection – and ultimately fail to highlight ethical positions.

Deliberation on case studies can help – and can be done in various ways, some more sophisti-
cated than others. We have identified several effective ways to facilitate deliberation based on our 
experience as educators.

Iterative and complex ethical cycle

A method that deploys case-study deliberation is the ‘ethical cycle,’ created to help students grap-
ple with and embrace the ambiguous, non-linear character of ethical judgment (van de Poel & 
Royakkers, 2011, 2007). With the ethical cycle, students can make well-considered judgments on 
real-life situations through a series of iterative steps. Typically, the first ‘walk through’ of the cycle 
is done individually, and then the students get together to compare and discuss the divergences in 
their interpretations and evaluations. For the individual ‘walk through,’ students write down their 
reflections on each stage of the cycle; this solitary work also has dialogical elements. As we argued 
above, it is more accurate to describe the meaning-making realm as being ‘in-between’ us and 
others rather than as residing in some incorrigible and inscrutable ‘interiority.’ Writing is always 
a process that involves circling repeatedly, and the ethical cycle emphasizes this. Ethical reflec-
tion takes time, and although it requires knowing facts about a situation or ‘case,’ it also requires 
self-awareness. Often, we only come to understand our earlier motivations for making particular 
choices long after we’ve chosen. Our desire for expediency and to see ourselves in a certain way 
often hinders honest self-assessment. If implemented thoughtfully, the ethical cycle can help to 
habituate these reflective behaviors.

The five basic steps of the ethical cycle involve moral problem identification, problem analy-
sis, options for action, ethical evaluation, and reflection. At each stage, there are opportunities 
to expand and increase the theoretical and contextual considerations that could deepen or even 
fundamentally change the students’ initial interpretations of the earlier stages, prompting them 
to return to an earlier stage and rearticulate, for example, their initial moral problem statement. 
Depending on the complexity of the case and the depth of the critical inquiry engaged by the stu-
dents, the cycle may take several iterations over subsequent weeks. Groups come together to select 
their ethical scenario or ‘case study’ and reconvene periodically throughout the term as they are 
exposed to additional frameworks for analysis. Since many of their ethical scenarios involve tech-
nologies, they may need to consider the agentive character of a particular technology. Sometimes, 
they need time to gather more relevant information, such as the issue’s history in the communities 
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involved in their chosen scenario. Other times, if there is too much group consensus, they might 
need to engage more deeply with different normative frameworks to uproot a deeply embedded 
culturally hegemonic way of seeing. Experimenting with the ethical cycle group process over the 
term underscores the importance of pragmatic social contexts and the necessity of time and care 
for robust ethical reflection. Furthermore, this kind of dialogue-based approach stresses the impor-
tance of the meaning-generating nature of concrete experience. Not only are students engaging in 
ethical reflection about an imagined professional scenario, but together, they are simultaneously 
enacting the process of ethical community building. Suppose their instructor underscores the value 
of difference rather than consensus throughout the process – that can free the students to gain 
awareness and respect for the uniqueness of the varied lived experiences of other persons. This 
iterative approach starts from the presupposition that ethics is not about individuals simply apply-
ing principles but rather that group dialogue is about building moral and emotional relationships 
of mutual trust and respect for difference.2

Design your own ethics curriculum

Another method for stimulating engineering students’ engagement with ethics has been advanced 
by Alpay (2013). Instead of offering a predefined task that students must solve in class or at home, 
instructors can ask students to develop, in groups, resources, methods, or activities that are meant 
to familiarize their colleagues with ethics meaningfully. In this way, roles are reversed, and stu-
dents instruct. To avoid over-burdening students who might not be acquainted with the ethics of 
their profession, a series of lectures prepares them for the task by introducing the main concepts, 
issues, and applications of moral philosophy relevant to the students’ profession (Alpay, 2013, 
p. 1457). After these introductory lectures provide a baseline understanding, the students work 
collectively in groups to develop proposals for their peers about how ethics should be taught. 
Proposing educational resources and activities prompts students to reflect on the importance of 
ethics for their profession and fosters “a culture of shared responsibility in learning and develop-
ment” (Alpay, 2013, p. 1466). Moreover, students might devise interesting approaches that can 
be enacted subsequently to stimulate reflection and critical thinking among engineering students. 
Each group should present its proposal to the class and receive feedback that can further be inte-
grated into the advanced activities. In this way, everybody participates in the other groups’ work, 
which can stimulate reflection – and a sense of community and shared responsibility. This method 
aims to make students think of the relevant ethical topics that could be useful for their profession. 
In this way, they see beyond the immediate technical aspects of what they are learning and think 
about the implications of what they are doing. As we mentioned in the previous section, reflection 
is dialogical; it can be stimulated by engaging in a conversation with others, which is precisely 
what the collaborative dimension of this method aims at.

The emotional deliberation approach

The group deliberative methods described above can complement the emotional deliberation 
approach (Roeser & Pesch, 2016). Emotions should be taken into consideration in attempts to fos-
ter reflection in EEE. Creating a symmetric setup for discussion, where the students and instructors 
are placed on an equal footing (i.e., in a circle), helps everyone feel freer to express their analysis 
and emotions regarding what is being discussed. According to Roeser and Pesch, the main idea 
is to convey respect to every participant so that they can feel safe talking and critically reflect on 
their emotions and thoughts. This ties back to the idea mentioned in previous sections: reflection 
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is not solely a rational process. It involves an emotional component. Ignoring the emotions stirred 
by discussions will not make them disappear. Instead, Roeser and Pesch argue that it is more 
fruitful to start with emotions in mind and analyze these emotional reactions as indications of the 
values and norms one endorses. This can prompt reflecting on what one takes for granted about the 
normative fabric of the world. This method’s effectiveness is dependent on classroom size; large 
groups struggle with emotional deliberation, whereas tutorial groups find it easier.

B. Monological and asynchronous methods

Reflective journaling/notebooks or essays

Another interesting method of fostering ethical reflection in engineering education is to invite 
students to reflect on their own values and reasons for studying engineering – by prompting them 
to write an auto-biographical essay or to keep a reflective notebook in which, given a specific 
ethical situation and learning activity, students log the development of their opinions. Although 
these methods might seem ill-fitted for science-oriented education, they provide essential meth-
ods to explore one’s development as an individual and a professional (Kim et al., 2019). The 
auto-biographical essay puts students in the position to think in a structured way about their own 
lives and experiences. Thus, it promotes self-understanding, reflection, and critical examination 
of one’s choices. Kim et al. (2019) present some interesting questions that help guide students 
in approaching such an assignment. The auto-biographical essay starts with questions regarding 
one’s personal life, such as What experience has contributed to the person I am becoming? or 
What were or are the challenges in my life, and how do I make sense of them? It moves to ques-
tions touching upon professional life, like What kind of an engineer (or other professional) do I 
want to become? and What is it that I want to do with a degree in engineering (or another field)? 
The journal method asks students to reflect, for a whole semester, on a particular technology (be 
it smartphones, cars, artificial intelligence systems, etc.) or a moral issue raised by technologies 
(privacy in the case of Internet apps, pollution in the case of cars, fragmentation of attention in the 
case of social media). By writing a weekly entry in the journal, students are encouraged to reflect 
freely about how design choices influence their interaction with different technologies and how 
they shape their lives.

Despite their appeal, both the auto-biographical essay and the journal appear to be monological 
pedagogy techniques. One way to add interactivity to these methods is to ask students to discuss 
their entries in class, with the instructor and other colleagues. Infusing the auto-biographical essay 
and the journal with the benefits of dialogical approaches can allow students to find affinities and 
common interests with their colleagues and also to critically filter their thoughts and reflections 
through the perspectives and worldviews of others.

C. Monological and synchronous methods

Monological and synchronous methods ask students to reflect on their own during classroom time. 
For example, the instructor may tell students to take 5 minutes to think about problem X before 
students discuss it in groups or individually write brief responses concerning the ethical issue. 
Such methods are suitable for generating material to think about further in groups or pairs, and 
these exercises are helpful as pre-reflection by asking students to make up their minds concern-
ing an ethical issue – such that this initial opinion can be challenged and further refined through 
subsequent activities. The value of such exercises is that they are not confrontational, specifically 
because what the student reflects is kept private. A teacher could assign such exercises at the begin-
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ning of the semester and again at the end of the semester so that students can assess on their own 
how far they have arrived in refining their reflective capacities.

D. Dialogical and asynchronous methods

In asynchronous methods, the student’s reflection is mediated by an online collaboration platform. 
Such methods entail, for example, asking students to comment on a paper online, annotate a text 
online, or build a mind map on a collaborative online platform. What students get to see from each 
other are only digital traces in the form of comments and, perhaps, some images. These methods 
are more akin to brainstorming, but when students edit an existing text by adding questions or sug-
gestions, the collective reflection can be quite deep.

It may seem then that the main difference in synchronous versus asynchronous methods lies in 
the mediation aspect. However, the kind of dialogism entailed by mediation concerns us, rather 
than the mediation itself. This is because all pedagogical methods are mediated to some extent. 
The phenomenology of intersubjectivity recognizes mediated access – our sense-making activities 
are, at the same time, expressing themselves through behavior and speech. Given this mediated 
access to our own thoughts, the difference made by digital or paper-based platforms should not 
be radically different. There is a mediation of technology when we ask students to collaborate on 
a paper and comment on each other’s responses to a text. This mediation does something other 
than the mediation of speech and body when students are in a room. When our methods require 
that students engage digitally with one another in an asynchronous way (i.e., not at the same time 
and not seeing each other instantly as would be the case with a video call), the resistance posed by 
others to the thinking process becomes less tangible and less immediate, and one could choose to 
ignore it. Reflection is still possible in asynchronous digital methods. However, it hinges on how 
seriously one engages with others’ textual traces; it may be easier for students to engage in self-
reflection rather than reflecting with others.

Assessment of reflection in EEE

Assessing the success of the educational methods in instilling reflection depends on the kind of 
classroom and the format where we find ourselves. Ethics in engineering education is taught either 
in standalone classes or integrated into learning pathways, where it is incorporated throughout 
engineering courses (van Grunsven et al., 2021).

If ethics is taught in a standalone class, we can take several steps, spaced through time, to 
foster reflection and iteratively revisit the results of reflective practice. Asynchronous methods, 
where the students keep a log or a notebook, will work effectively since the students will have a 
reference point to return to and re-evaluate. These asynchronous methods also facilitate students’ 
self-assessment. Teachers can assign reflective notebooks at the beginning of the class, asking 
students to jot down their thoughts and insights throughout the semester. At the end of the course, 
students can be asked to reflect on their reflective processes and what they learned. Educators 
can assess this meta-reflection while the logbooks stay private to protect the students’ fledging 
reflective processes. Rubrics for assessing reflection should involve the four previously described 
categories – integration with previous knowledge, interaction, systematicity, and active engage-
ment (Rodgers, 2002). When assessing the dialogical activities, the instructor should also assess 
the group dynamics: Did only one student engage in reflection, or was the activity constructed 
with insights from most group members? This can be achieved by observing the interactions or, 
when this is not possible, by asking students to log their discussions in class and provide graphic 
emphasis to signify when they changed their minds or arrived at a new conclusion.
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Reflection assessment is included in the general assessment methods of engineering courses 
when ethics is taught through modules embedded in the curriculum. Either way, reflection assess-
ment should usually be linked with other learning goals’ assessment in EEE or engineering educa-
tion. Most engineering ethics classes do not prioritize reflection as their primary learning objective. 
Rather, reflection is a process to be fostered that enhances other ethics learning goals such as ethical 
awareness, ethical judgment, and deliberation. Hence, it makes sense to assess these other learn-
ing goals primarily – and then to have reflection as a sub-category of these. For example, when 
we assess ethical awareness/sensitivity, we can add a rubric on whether this ethical awareness 
improved through reflection or was showcased in a non-reflective way. While reflection is a high-
level learning goal (Bloom et al., 2020), it should be assessed alongside other contributing goals in 
EEE. With ethical reflection, we can see assessment more as feedback rather than grading. As ethics 
instructors, we need to create opportunities for formative assessment throughout the semester by 
facilitating the self-assessment of students – peer assessment, feedback on journals, and even group 
presentations and discussions should receive feedback regarding how reflective these were.

Some practical take-away points for teaching ethical reflection

Integrating regular reflection into engineering ethics curricula and practices is necessary, as reflec-
tion is the primary component of ethical reasoning and moral judgment. In creating opportunities 
for reflection, it is critical to pay attention to the choice of situations and, in general, the cases and 
scenarios used in instruction. Students should be guided to see and engage in ethical situations 
considering (i) the situation’s contextual reality; (ii) their own assumptions, values, and experi-
ences; and (iii) dialogical practices. For instance, in writing reflective journals or essays, students 
can be prompted to redefine the problem; address their values, feelings, and assumptions; raise 
potential questions; and analyze the situation considering the aforementioned factors and a given 
model or text. Further, reflection can be operationalized through engagement with stakeholders in 
real ethical cases – as well as class presentations and discussions. For educators, it is important to 
address the complexities involved in developing the competencies required for reflection and to 
establish clear criteria for evaluating the reflective process.

We offer several practical takeaways for instructors aiming to instill the experience of reflection 
in the ethics classroom.

• Integrate reflection as a learning experience with other, more easily measurable learning 
goals:
• When assessing these other goals, such as ethical deliberation, ethical sensitivity, and so 

on, provide a separate sub-rubric regarding how reflective the process and the outcomes 
were.

• When ethical reflection is embedded in another engineering course, use reflection as a sub-
goal for the other learning goals (e.g., when assessing the design of an artifact, one can add 
the reflective component to the design evaluation).

• Create a safe space for reflective engagement by providing clear guidelines at the beginning, 
recognizing that dialogical exercises are spontaneous; people can easily hurt each other 
when they speak their minds without considering the effect on others.
• Provide a set of clear rules and expectations so that all students can feel included in this 

process.
• Start by announcing the rules of respectful engagement at the start of the class, reminding 

students of these rules and enforcing them.
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• Make sure that all students feel heard and seen.
• Acknowledge students’ contributions.

• Showcase examples of reflection, for example:
• Engage in reflection yourself concerning a sample case study, or comment on a role-play 

acted by students in front of the classroom.
• The examples teachers provide can be personal and should model spontaneity and vulner-

ability. For example, when teaching, you can explain how you changed your mind about 
issue X, mention the emotions entailed in that experience, and thus show students that 
emotions are to be expected and that nobody is a perfect epistemic agent, having the ‘cor-
rect’ answer from the start.

• Start with simple models of reflection and increase their complexity as the semester contin-
ues.

• Try to use a mix of dialogical and monological methods and have these interact, for instance:
• You can promote dialogical methods during class time and then ask students to reflect 

privately in their notebooks on what they learned through the interactions.
• Do not rely solely on monological or dialogical methods since these do not target the 

same kinds of reflective experience, and you’ll want to create a variety of experiences 
for the students.

• Use reflection beyond the fleeting experience created in class:
• The more students think and reflect about their reflections, the easier it becomes for them 

to perform.
• You can ask students to refer back to their classroom or online discussions and use these 

insights or be critical about them in their individual assignments such as essays.

Conclusions

This chapter addressed the ambiguities and challenges in understanding and implementing reflec-
tive thinking in EEE. We argue that EEE instructors should pursue ethical reflection in a con-
text-specific manner, as a worthwhile goal. We conceptualized reflection drawing from existing 
literature in pragmatism and phenomenology and argued that it is a sophisticated experience that 
can be nicely captured by experiential, first-person accounts. First-person experience, however, is 
what makes reflection tricky to assess and notice in the classroom. Whereas for ethical reasoning, 
instructors can look at the quality and complexity of the propositions advanced by students and 
thus use early responses as benchmarks for evaluating students’ later proposals for dealing with 
an ethical problem, assessment of student reflections is trickier. In reflection pedagogy, teachers 
should not evaluate as such the propositions or design outcomes, but the process itself. (We do, 
however, recognize that reflection is often combined with ethical reasoning, and thus these do 
come as a package.) The process that teachers assess should encompass students’ self-awareness, 
transformation, and spontaneity in interaction.

In this chapter, we used a phenomenological lens to argue why dialogism and emotional engage-
ment are foundational for engaging in genuine, spontaneous reflection. While dialogism is a tool 
in the reflection toolbox, used alongside other monological tools, it has often been overlooked. We 
think dialogism shows a lot of potential when used correctly.

In the final section of the chapter, we presented several methods for instilling reflection as well 
as some ideas for assessment. Then, we provided some practical tips for educators who want to 
instill ethical reflection in engineering classes. Although we argued for the potential of the dialogi-
cal dimension of reflection, we also encourage instructors to use a mix of dialogical and monologi-
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cal methods – to introduce variation and provide periodical moments of feedback – and to provide 
time for students to think. Ethical reflection is a transformative experience and, as such, works 
well for formative assessments, for enriching the quality of the moral deliberation judgment, and 
for fostering ethical awareness.
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Notes
1 The term “techno-fix” points to “a variety of technologies employed to respond to intractable societal 

problems, which have proven to be difficult or insoluble through political, legal and cultural reform” 
(Sand et al., 2023).

2 From one author’s experience, comments like the following have not been uncommon regarding the 
updated version of the ethical cycle process: “I appreciated being pushed to rethink my initial formulation 
of the problem statement. My classmates’ point that by using the utilitarian normative framework I wasn’t 
able to see the real moral problem was eye-opening” (MTU EE student testimony, 2021).
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Introduction

Assessing students regarding ethics aspects of engineering education is far from straightforward. 
This section explores assessment challenges by considering the tension between two extremes. On 
the one hand, high expectations are placed on engineering ethics education, as many engineering 
universities claim to develop their students into individuals with solid character, critical profes-
sionals, or socially responsible citizens. On the other hand, engineering ethics, as part of the cur-
riculum, is required to have reliable (comparative-fair, neutral) and valid (they should measure the 
high goals universities put forward) assessment methods.

While writing and editing this section, two dimensions were discussed among chapter authors 
and handbook editors to probe this gap. First, we considered which aspects of engineering ethics 
can and should be assessed; here, the focus was on competencies, attitudes and character, epistemic 
cognition, and behavior. Second, we considered how engineering ethics assessment is systemically 
embedded in the university as an organization, the university ecosystem, and engineering globally.

Chapter topics and trends

Moral subjectivation

When reading across the six contributions of this section, Foucault’s (2020) view on ethics comes 
to mind. By no means do we want to argue that this Foucauldian approach should be a central way 
to interpret morality in engineering ethics education research, yet we hope to show that it helps to 
picture the complexity of assessment in engineering ethics education.

Let us start with Foucault’s (2020) notion of power. For him, power is a hermeneutical interac-
tion (e.g., focused on existential understanding) between the agencies of the individuals and the 
structures. Considered as such, students, teachers, educational support and management, general 
management, and external university partners are all involved in assessment. They are thus indi-
viduals whose agencies enact structures, and these structures enable the agency of individuals.

Foucault (2020) describes four aspects of the constitution of moral subjectivity. First, the deter-
mination of the ethical substance (détermination de la substance éthique) is “the way in which the 
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individual has to constitute this or that part of himself as the prime material of his moral conduct” 
(p. 26). These substances can include soul, desire, emotion, passions, will, pleasure, suffering, and 
the like. For students in an engineering ethics course, these can be parts of themselves relating to 
intended learning objectives, such as knowledge of ethical theories, an ethical argumentation skill, 
ethical awareness, mastery in dealing with ambiguity, efficiency, and so on.

Second, there is the mode of subjectivation (mode d’assujetissement), that is, “the way in which 
the individual establishes his relation to the rule and recognizes himself as obliged to put it into 
practice” (Foucault, 2020, p. 27). Modes can be many things, such as individuals considering 
themselves members of a specific group; relating themselves to a spiritual tradition, reason, a 
cosmological order, or a divine law; or having personal solid goals. For individuals in engineering 
ethics assessment, the mode refers to what makes a good student, such as passing an exam, genu-
inely engaging in a project, developing a commitment to become a socially responsible engineer 
in the future, and so forth.

Third, there is self-practice or ethical work (élaboration, travail éthique). These involve activi-
ties that one decides to do to shape oneself or to “transform oneself into the ethical subjects of 
one’s behavior” (Foucault, 2020, p. 27). Examples are learning, memorizing, assimilation of a sys-
tematic ensemble of precepts, renunciation of pleasures, deciphering desires, or relentless combat. 
In engineering ethics education, individuals have to relate to the assessment as encouraging rather 
than inhibiting, achieved by such things as feedback, reflection, or group discussions on how to 
engage in an evaluation.

Last, teleology (téléologie) refers to whether “an action is moral … by virtue of the place it 
occupies in a pattern of conduct” (Foucault, 2020, p. 28). This can involve increasingly complete 
mastery of the self, detachment, tranquility of soul, insensitivity to the agitations of the passions, 
purification for salvation. For assessment, this could mean becoming an individual of strong char-
acter, a critical professional, or a socially responsible citizen.

Assessment of ethics in engineering education

These four aspects of the constitution of subjectivity are part of the hermeneutical interaction 
between individual agencies and the structures they are part of. Assessment, thus, can be seen 
as disciplinary power that enables the subjects to form themselves. Assessment, thus, is not 
about a kind of dialectic of oppression of the free student. It is about an inevitable and continu-
ous becoming an individual subject in a structured system embedded in this disciplinary power 
(Table S5.1).

Table S5.1  Four aspects of subject constitution and potential substantiations in the interaction between 
individual agency and structure for assessment in engineering ethics

Aspects of subject constitution Individual agency – Structure

Determination of the ethical 
substance

Competencies, attitudes and character, epistemic cognition, behavior, 
[knowledge production, emotions, attention, soul, suffering, etc.]

Mode of subjectivation University and its curriculum, eco-system, global context, [grading, 
etc.]

Self-practice or ethical work Pedagogical activities, [individual self-practices]
Teleology Vision, mission, [individual ideals]

“[]” designates aspects that are less discussed in this section.
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Determination of the ethical substance

Using the view on ethics described above, four chapters of this section focus strongly on determin-
ing the ethical substance. They explore the importance of assessing engineering ethics education 
beyond just the knowledge of ethical theories (cf., Section 1, where learning outcomes of engi-
neering ethics education are discussed).

Chapter 26, ‘A Framework for the Assessment of Ethical Competencies and Affective 
Dispositions’ by Elena Mäkiö, Tijn Borghuis, Juho Mäkiö, and Jolanta Kowal, studies the align-
ment of learning objectives, learning and teaching activities, and assessment methods for moral 
competencies. The literature’s ethical objectives and assessment forms are categorized using 
Bloom’s taxonomy of cognitive and affective domains (Anderson & Krathwohl, 2001). On this 
basis, a heuristic framework is proposed to support educators in (re)designing and broadening 
engineering ethics education courses/modules.

Determining the ethical substance can also refer to moral attitudes and character. Chapter 27, 
‘Assessing Attitudes and Character in Engineering Ethics Education: Current State and Future 
Directions’ by Adetoun Yeaman, Balamuralithara Balakrishnan, Olga Pierrakos, and Elise M. 
Dykhuis, shows that most assessment methods of moral attitudes and character are quantitative, 
self-reported, ad hoc, done at the course level, and serve to help evaluate the course rather than to 
provide the students with formative feedback. However, the authors do discuss cases where the 
assessment of attitudes and character is situational, and the feedback is mainly formative.

In Chapter 28, ‘Employing Epistemic Micropractices to Assess Progress and Barriers in 
Engineering Students’ Ethics Development,’ authors Siara Isaac and Ashley Shew note that to 
assess ethics also means to assess epistemic cognition, “the practical application of our ideas about 
the nature of knowledge – that is, how we identify correct answers and the roles we allow ourselves 
in generating or validating knowledge.” Isaac and Shew state that ethics educators should provide 
pedagogical activities that engage students in more sophisticated epistemic micropractices. These 
methods should challenge the students to choose between competing solutions and relate to more 
uncertainty, as such enacting their moral subjectivation.

Chapter 31, ‘Two Criticisms of Engineering Ethics Assessment: The Importance of Behaviors 
and Culture’ by Rockwell Clancy, Xin Luo, Chunping Fan, and Fumihiko Tochinai, argues that 
the ultimate goal of engineering ethics education should be moral behaviors because they are 
often seen to follow naturally and unproblematically from moral cognition, and adopting ethical 
behaviors as the goal of engineering ethics education and assessment faces important validity and 
reliability difficulties.

Mode of subjectivation

Assessment can be seen as a mode of subjectivation in which individuals establish their relations 
to the rules and recognize themselves as obliged to put them into practice. However, this herme-
neutic relation of the individual student with the structure is, in practice, a very complex dynamic 
at the university, university eco-system, and global levels.

Chapter 29, ‘Aspirations for Ethical Education in Engineering Curricula Envisioned through the 
Quality Lens of Goodlad’s typology’ by Emanuela Tilley, Nienke Nieveen, Christine Boshuijzen-
van Burken, and Folashade Akinmolayan Taiwo, uses Goodlad’s (1979) curriculum typology to 
picture the engineering ethics education dynamics of university ideologies and formalizations, 
the perceptions and operationalizations of teachers, and the experiences and learnings of students. 
Quality from a university perspective implies how the students’ individual agency is sufficiently 
influenced in the direction of the university’s own vision and mission.
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Chapter 30, ‘Evaluating Stakeholder Engagement Opportunities Toward Building Practical 
Ethics Education into Engineering Programs’ by Alison Gwynne-Evans, Irene Magara, Esther 
Matemba, and Sarah Junaid, posits that the focus on embedding ethics education within an engi-
neering program needs to extend beyond the university to include opportunities for practical 
engagement with industry and community stakeholders at the university eco-system level. These 
engagements provide critical opportunities for students to reflect on how engineering responsibility 
is connected to and practiced within communities rather than in isolation. Stakeholder engagement 
thus needs to be recognized as playing a potentially important role in the setting, achievement, and 
assessment of the objectives of engineering programs explicitly relating to ethics education and 
engineering responsibility.

Chapter 31, ‘Two Criticisms of Engineering Ethics Assessment: The Importance of Behaviors 
and Culture’ by Clancy, Lou, Fan, and Tochinai, zooms further out and analyzes if assessments in 
engineering ethics education are reliable globally. Engineering is a global profession, but measures 
of engineering ethics education have been developed by researchers in and with samples from 
mostly the United States. The United States is culturally WEIRD (Western, educated, industrial-
ized, rich, and democratic) and, relative to global populations, individuals from WEIRD cultures 
are outliers on various psychological and social measures.

Conclusions from the section editor

The authoring teams worked on aspects of engineering ethics assessment and how the engineer-
ing ethics assessment is systemically embedded. Using Foucault’s ethics model of subjectivation, 
we can, in hindsight, determine some limitations. First, ethics education should not be reduced to 
knowledge reproduction – but knowledge reproduction and good assessment should not be over-
looked, especially in light of particular developments such as artificial intelligence (AI), upscaling 
education to large ethics classes, multiple-choice assessment, and so forth. Second, although a 
broad set of ethical substances have been discussed, gaps remain, such as emotions, attention, soul, 
or suffering. Third, the contributions do not elaborate in-depth on the role of grading. Fourth, the 
mode of subjectivation refers to establishing a relation to the rule. This relation can be consonant 
or dissonant. The assessment of students’ critical thinking towards the organization is challeng-
ing and could have been further developed. Fifth, the chapters approached assessment more from 
a structure perspective than individual agency and how students experience the proposals men-
tioned. There are differences between how pedagogical activities and aims are meant by course 
designers and how they help students in their self-practice, ethical work, and teleology.

We hope this section can further support all the excellent work currently being done in and out-
side this section on the challenging and vital topic of assessment in engineering ethics education.

Positionality

The lead editor of this section, Gunter Bombaerts, considers himself more of an engineering ethics 
teacher than an engineering ethics education researcher. When he thinks of himself as a researcher, 
he would not say ‘assessment’ is a core expertise. Therefore, it was a great pleasure for him as edi-
tor to collaborate in this section with people who have more expertise regarding assessment. This 
is particularly poignant because he considers assessment as an essential challenge for the current 
and future practice of engineering ethics education – and because the consequences of AI for eth-
ics education are immense – and because, with the growing urgency to answer global challenges, 
the societal role of universities will change. Gunter is convinced that self-practice of ethical work 
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and teleology will have to become more central in the study of assessment in engineering ethics 
education. As an attentive reader will have noticed, the subtitles ‘self-practice or ethical work’ and 
‘teleology’ are missing above, which indicates even in this section an existing gap. He sincerely 
hopes this gap will be addressed in the future. Overall, he is most thankful for the experience of 
being a co-editor of this handbook.
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Introduction

The Cambridge online dictionary defines engineering as “the study of using scientific principles 
to design and build machines, structures, and other things, including bridges, roads, vehicles, 
and buildings.” In the past, until the 1970s, the ethical aspects of engineering were not explicitly 
addressed, as the results of engineering were technical objects and, as such, considered ethically 
neutral. This view changed when the societal consequences of using these technical objects were 
recognized. This led to engineering ethics, that is, the application of ethical theories and moral 
principles in the field of engineering, and the need for ethical education of engineering students 
(Barry & Herkert, 2014).

Ethics education in engineering is considered as the development of students’ higher-level 
moral reasoning skills by solving realistic ethical cases and dilemmas (Goldin et al., 2015) and 
making ethical decisions (Bonde et al., 2016). However, the ability to morally reason does not 
automatically lead to students’ ethical awareness, moral development, or future ethical behavior 
(Bairaktarova & Woodcock, 2015). Therefore, ethics education in engineering must address the 
development of both moral cognitive skills and ethical behavior.

In this chapter, we conceptualize ethical thinking and action in terms of two dimensions: com-
petencies and affective dispositions. We refer to competence as “combinations of those cognitive, 
motivational, moral, and social skills available to (or potentially learnable by) a person” (Weinert, 
2001, p. 2433). In this sense, competence is always more than just knowledge or just experience. 
We refer to affective dispositions as to the personal traits, habits of mind, or attitudes which char-
acterize a personality – see for example critical thinking affective dispositions in (Facione, 1990). 
The cognitive and affective “domains interact significantly in instruction and learning” (section in 
Miller, 2005).

Assessment of students’ ethical competencies and dispositions is considered difficult and is 
done in a variety of ways (Goldin et al., 2015; Martin et al., 2021). To make teaching and learning 
effective, three central educational aspects – the intended learning outcomes (ILOs), the learning 
activities, and the assessment tasks – need to be constructively aligned (Biggs & Tang, 2007), 
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which is also true for engineering ethics education (Bonde et al., 2016; Keefer et al., 2014; Martin 
et al., 2021; Miñano et al., 2017; Shuman et al., 2005). A granular alignment of these three aspects 
can be made by categorizing them according to the Bloom’s revised taxonomy, which Spivey 
(2007) suggested for the Cognitive Domain. In this chapter, we extend Spivey’s proposal and use 
Bloom’s taxonomies of the Cognitive and Affective Domains to align ethical outcomes and forms 
of assessment. Based on this alignment, we propose a heuristic framework that can guide educa-
tors in developing assessment methods according to the ILOs defined for modules in engineering 
ethics, and we demonstrate the framework’s application.

The structure of the chapter is as follows: we first review the literature on the ethical competen-
cies required of engineers (they serve as ILOs) and existing forms of assessment of ethical com-
petences and dispositions. In subsequent sections, we describe the methodology used to develop a 
framework and then provide an example application. In the final section, we conclude and outline 
avenues for future research.

This chapter was written by authors from Eastern and Western European countries with differ-
ent professional backgrounds – computer science, philosophy, and psychology. The authors base 
this chapter on research conducted and published in Western industrial societies and their experi-
ence teaching ethics to engineering students in this context.

 Ethical competencies and affective dispositions required of engineers

Engineering ethics is an important element in professional practice and engineering education. 
This is reflected by (1) the inclusion of ethical codes in regulations and recommendations of pro-
fessional associations (organizations (1) to (20) (in Center, 2023)); (2) the increasing manifesta-
tion of ethical principles in the accreditation criteria for higher education worldwide (Lucena et 
al., 2008); and (3) addressing engineering ethics in engineering education research (Martin et al., 
2021).

Professional engineering associations, such as the Institute of Electrical and Electronics 
Engineers (IEEE), Association for Computer Machinery (ACM), the Engineering Council (EC) 
and the Royal Academy of Engineering (RAE), have established ethical codes that focus primarily 
on concrete aspects of ethical behavior to guide engineers in the practice of their profession. These 
aspects include the philosophical understanding of engineering practice, honesty and integrity, eth-
ical aspects of products and their use, respect for life, law, the environment and public good, and 
the professional conduct and responsibility of the individual engineer (ACM, n.d.; Engineering 
Council, n.d.; IEEE, 1963; Ingenia, 2023).

The International Engineering Alliance (IEA) has defined a professional competence profile 
for engineers called the ‘Washington Accord’ (Alliance 2014). This profile defines bench-marked 
standards for engineering education and expected competencies for engineering practice. It 
includes personal skills such as communication, ethical practice, judgment, taking responsibility, 
and protecting society. These skills align with the concept of the ‘social contract’ (Snoeyenbos 
et al., 1983), which expects professionals to act according to their professional code of ethics, 
among other things. It is worth noting that the ethical aspects mentioned in the competence profile 
focus mainly on character dispositions and less on ethical competencies. The ethical requirements 
formulated by engineering professional associations and accreditation organizations represent the 
competencies associated with general ethical professional acting and conduct and character build-
ing.

Accreditation organizations, similar to professional associations, formulate accreditation crite-
ria that emphasize primarily concrete aspects of ethical behavior such as professional and ethical 
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responsibility (ABET, 2021) and understanding of professional ethics and codes of conduct in 
relation to professional practice. For example, the Accreditation Agency for Study Programs in 
Engineering, Informatics, Natural Sciences and Mathematics (ASIIN) formulates the requirements 
for Electrical Engineering/Information Technology as follows: “Graduates possess social and pro-
fessional ethical competences and are able to shape social processes critically, reflectively and 
with a sense of responsibility and in a democratic spirit” (ASIIN, 2022a). (For more on accredita-
tion, please see Chapters 32–36 of this handbook.)

The accreditation requirements related to ethical aspects are specific to a field of engineering 
and often formulated in general terms associated with general ethical professional acting and con-
duct and character building. The curricular content is not uniform (Durst et al., 2021; Grohman et 
al., 2020; Katz et al., 2020; Li & Fu, 2012), and curricular objectives depend on various factors, 
such as existing cultural values, worldviews, and national professional codes of ethics (Downey 
et al., 2007). This means that the overarching accreditation criteria are named or given by the 
accreditation organizations, but their concrete design and implementation are generally a matter 
for the teaching institutions. Thus, the sociocultural context triggers the curricular change, as 
Lattuca and Stark (2009) note. Additionally, the curricular content varies over time (Lattuca & 
Stark, 2009) and location as shown in alZahir and Kombo (2014), where the authors compared 
international codes of ethics of engineering societies in more than 30 countries with the IEEE 
code of ethics.

Engineering education research has identified goals posited for engineering ethics education and 
grouped them into 12 major categories: moral sensibility, analysis, creativity, judgment, decision-
making, argumentation, moral knowledge, design, agency, character and virtuous development, 
emotional development, and situatedness (Martin et al., 2021). The academic literature formulates 
the goals – that is, ethical competencies and affective dispositions – sought in engineering eth-
ics education in a more precise and differentiated way than professional engineering societies or 
accreditation organizations, which emphasize the behavioral and action-oriented aspects of ethics.

These goals identified in the academic literature by Martin et al. (2021) are listed in Table 26.1 
along with the goal ‘Moral conduct,’ which was added based on the requirements of professional 
engineering associations and accreditation organizations. The goals in Table 26.1 are interpreted 
in this chapter as ILOs for engineering ethics education. The table is structured as follows: (1) the 
‘Categories’ column contains 13 major categories of ILOs, (2) the ‘Sub-Cat.’ column enumerates 
ILOs within each category, (3) the ‘Goals’ column lists ILOs, (4) the ‘Literature’ column con-
tains references from the academic literature, and (5) the ‘A/P’ column contains references from 
accreditation organizations and professional associations.

 Existing forms of assessment of ethical competencies and dispositions

To prepare a proposal for assessment opportunities of ethical competencies, a literature review was 
conducted investigating how ethical competencies and dispositions are currently assessed in engi-
neering education. The examined literature relied on the core collection of the Web of Science for 
assessing ethical competencies in engineering education. To retrieve sources the following search 
string was used to search in all fields of publications during the period 2013–2022:

ALL=(ethic*” AND “Engineering” AND “education*” AND “assess*” )  
ONLY journals and 2013–2022

To ensure a more comprehensive analysis, the process of retrieving sources based on this search 
string was followed by an overview of the references mentioned by the publications found.
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Assessing students’ ethical competencies and especially their dispositions is difficult. It is done 
in various ways (Goldin et al., 2015; Martin et al., 2021), with an assessment of dispositions rarely 
conducted, and when it is, it is informal rather than formal (Shiveley & Misco, 2010). Both locally 
developed tailored instruments and standardized instruments are used to assess students’ ethical com-
petencies and dispositions. Tailored instruments are used for both formative and summative assess-
ments. Formative assessments provide immediate and meaningful feedback to the students on their 
progress and help them to improve; they can also inform instruction (Keefer et al., 2014). Summative 
assessments at the end of a course are used to formally measure student achievement against ILOs.

The following tailored instruments and methods developed to assess specific ethical learning 
outcomes of modules have been used in the engineering ethics education Field (Martin et al., 
2021): reflective essays, individual assignments graded with a rubric, presentations, group projects 
(including an artifact), and portfolio. However, ethical outcomes often remain unassessed or are 
subjected to a binary assessment of pass/fail (Keefer et al., 2014). Although reflective essay writ-
ing is a popular form of assessment, it often does not accurately reflect the level of ethical com-
petence of, for example, science students, as essay writing is not practiced in science education 
(Johnson, 2010). Some authors have introduced instruments in the form of rubrics that (1) provide 
students with practical guidance in essential components of realistic ethical problem-solving and 
(2) assess students’ work on ethical cases and dilemmas (see Table 26.2).

In contrast to tailored instruments that assess whether students have achieved specific ethical 
learning outcomes, standardized instruments assess a student’s general level of moral develop-
ment, reasoning, or judgment compared to a baseline and, therefore, can provide an independent 
and comparable assessment (Keefer et al., 2014). These instruments were developed and validated 
in Western industrial societies’ cultural and moral environments. Most standardized instruments 
used in engineering ethics education were derived from Kohlberg’s (1976) approach to morality 
(see Table 26.2, and more on this topic in Chapter 9). Based on a cognitive developmental perspec-
tive, this approach defines morality as rational reasoning about justice or fairness (Graham et al., 
2013). The rubrics and standardized instruments are listed in Table 26.2 together with the literature 
and their brief descriptions and the competencies and dispositions assessed.

As Kohlberg’s (1976) theory has been criticized by researchers (e.g., in Lind, 2002), the Moral 
Foundations Theory (MFT) by Graham et al. (2013) can be considered as an alternative in this 
chapter. MFT defines moral functioning as an unconscious process or moral intuition, a type of 
cognition that is not based on reasoning. It includes five moral foundations instead of Kohlberg’s 
moral reasoning one: (1) Harm/Care, (2) Fairness/Reciprocity, (3) Ingroup/Loyalty, (4) Authority/
Respect, and (5) Purity/Sanctity. MFT has its own instrument to measure these five foundations, 
called the Moral Foundations Questionnaire (MFQ) (Graham et al., 2011). Glover et al. (2014) 
examined the relationship between Kohlberg’s Defining Issues Test DIT-2 (see Table 26.2) and 
MFQ and suggested that MFQ may not be an appropriate measure for capturing advanced moral 
functioning, as moral judgments assessed by DIT2 may not reflect the MFQ foundations. MFQ 
has sporadically been used in engineering ethics education, without the research results being 
published.

 Discussion of methodological approach

Three aspects – ILOs, learning activities, and assessments – need to be constructively aligned in 
well-designed modules. In this chapter, we have decided to align the assessment methods used in 
engineering ethics education with the ethical learning outcomes, as Gil-Jaurena and Kucina Softic 
(2016) have done for education in general, and omitted the alignment with learning activities. The 
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alignment was accomplished within the framework of Bloom’s revised taxonomies of Cognitive 
and Affective Domains (Anderson & Krathwohl 2001), which we briefly introduce here.

Bloom’s revised taxonomy of the Cognitive Domain has two dimensions: (1) the cognitive pro-
cess in the development of intellectual competencies and (2) the knowledge dimension (Anderson 
& Krathwohl, 2001). The cognitive process dimension includes six cognitive levels (labeled C1–
C6, ordered from the lowest to the highest one):

(C1 )  remember – retrieve relevant knowledge from long-term memory;
(C2 )  understand – construct meaning from instructional messages, including oral, written, and 

graphic communication;
(C3 )  apply – carry out or use a procedure in a given situation;
(C4 )  analyze – break material into its constituent parts and determine how the parts relate to one 

another and to an overall structure or purpose;
(C5 )  evaluate – make judgments based on criteria and standards; and
(C6 )  create – put elements together to form a coherent or functional whole; reorganize elements 

into a new pattern or structure.

The knowledge dimension consists of four types of knowledge (labeled K1-K4):

(K1) factual knowledge of terminology and specific details and elements;
(K2) conceptual knowledge of classifications, principles, generalizations, theories, and models;
(K3) procedural knowledge of subject-specific skills, algorithms, techniques, and methods; and
(K4) meta-cognitive knowledge – strategic understanding; cognitive awareness, which is the abil-

ity to recognize one’s own thought processes; and cognitive control, which facilitates the 
regulation and adaptation of thought to improve efficiency.

Conceptual knowledge is traditionally the mainstay of ethics education, but factual knowledge 
also plays a role, particularly in case-based education activities.

Procedural knowledge comes in the form of knowledge of processes for ethical analysis and 
decision-making, such as the ethical cycle (van de Poel & Royakkers, 2011), but also concerning 
formalized ethical reasoning. Specific to engineering ethics is knowledge regarding procedures 
that plug into the engineering design process, such as methods for elucidating and operationalizing 
values as ethical requirements for a design (Vermaas et al. 2015).

Meta-cognitive knowledge comes into play in engineering ethics in the form of self-knowl-
edge, which is about how individuals think about their internal ways of thinking in relation to their 
ethical values. This also involves the ability to recognize one’s own thought processes in relation 
to ethical reasoning and to regulate and adapt these thought processes to improve efficiency.

Combined, the cognitive process and knowledge dimensions produce the 24 categories in the 
revised Bloom’s taxonomy of the Cognitive Domain (Anderson & Krathwohl, 2001).

Bloom’s taxonomy of the Affective Domain (Anderson & Krathwohl, 2001) used to categorize 
dispositional (affective) outcomes, has five categories (labeled A1–A5) that describe changes in 
behavior as values or attitudes are learned (Miller, 2005):

(A1) receiving – awareness, willingness to hear, selected attention;
(A2) responding – appreciating or internalizing;
(A3) valuing – accepting, preferring, becoming committed to;
(A4) conceptualizing/organizing – incorporating into a value system; and
(A5) characterizing by value – orientation toward / identification with.
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We found that mapping the ethical ILOs and assessment methods to the dimensions of Bloom’s 
revised taxonomies was not a straightforward task, as it involved interpretation. It became clear 
early on that the mapping would not be one-to-one because, for instance, a single ILO or assess-
ment form could relate to multiple cognitive processing levels, knowledge types, or affective levels 
of Bloom’s taxonomies. In the absence of a foundation in the literature, the following procedure 
was followed to achieve the best possible result in mapping the ILOs:

 1. Two authors of this chapter independently categorized the ethical ILOs described in Table 
26.1 to the extended Bloom’s taxonomy of the Cognitive Domain. ILOs referring to stu-
dents’ emotional and attitudinal development were mapped to the five levels of the tax-
onomy of the Affective Domain.

 2. Differences in the mappings of the two authors were marked.
 3. The two authors revised their mappings consulting the literature underlying Table 26.1, and 

explained in writing why they placed the marked items in a particular category.
 4. All authors of the chapter discussed the placement of all ethical ILOs, especially the marked 

ones, to reach an agreement.

The assessment instruments listed in Table 26.2 were first mapped to six levels of the cognitive 
process dimension of Bloom’s taxonomy based on a mapping made by Maffei et al. (2022). This 
mapping was then extended to the four types of the knowledge dimension. The tailored rubrics 
and standardized instruments as proprietary self-report measures (Table 26.2) were placed in the 
corresponding categories according to their descriptions given in the literature and the learning 
outcomes they tested. Tailored instruments and rubrics do not assess students’ emotional and atti-
tudinal development, and therefore they have not been mapped to the categories of Bloom’s tax-
onomy of Affective Domain.

The standardized instruments derived from Kohlberg’s (1976) theory of moral development (DIT, 
DIT-2, ESIT, EERI) were mapped to the affective categories of Bloom’s taxonomy based on the fol-
lowing considerations. Kohlberg’s (1976) theory defines six stages of cognitive moral reasoning. It 
suggests that cognitive moral reasoning and development are closely tied to forming and prioritizing 
personal values (see Newton, 1978). As individuals progress through stages of moral development, 
their values become more complex and aligned with moral principles, impacting their attitudes, 
behaviors, and decision-making processes. Kohlberg’s stages 3 and 4, where individuals develop a 
sense of societal values and norms, can be associated with the category (A3) Valuing in Bloom’s tax-
onomy of Affective Domain. Stages 5 and 6, where individuals transcend societal norms and develop 
their own ethical principles, can be associated with the category (A4) Conceptualizing/Organizing.

The standardized tools TESSE, EDM, and MFQ have not been included in the mapping to 
categories of Bloom’s taxonomy of Affective Domain for the following reasons: (1) TESSE is not 
validated and is used to a limited extent; (2) mapping of the Helton-Fauth taxonomy of ethical 
behavior, on which EDM is based, to Bloom’s taxonomy of Affective Domain is beyond the scope 
of this chapter; and (3) MFQ is rarely used in engineering education.

 Framework for assessment of ethical learning outcomes

The framework proposed in this section includes (1) a mapping of assessment methods and ethi-
cal learning outcomes to the relevant dimensions of Bloom’s revised taxonomies of Cognitive and 
Affective Domains and (2) a procedure for matching ILOs with assessment forms to help educators 
develop or improve their engineering ethics teaching. For this mapping, we classified the ethical 
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competencies and dispositions required of engineers (Table 26.1) and the existing forms of their 
assessment (Table 26.2) in relation to Bloom’s taxonomies of Cognitive and Affective Domains.

Table 26.3 presents the mapping of the ethical ILOs listed in Table 26.1 and the tailored and 
standardized assessment forms from Table 26.2 to the cognitive categories and knowledge dimen-
sion of the Bloom’s revised taxonomy of Cognitive Domain. In contrast, Table 26.4 shows the 
mapping of these ILOs and assessment forms to the affective categories of the Bloom’s taxonomy 
of Affective Domain.

Table 26.3 demonstrates that most ethical cognitive competencies are in the (K2) Conceptual 
knowledge column at the cognitive levels (C2) Understand, (C4) Analyze, (C5) Evaluate, and 
(C6) Create. This means that the cognitive, ethical learning goals are mainly related to under-
standing ethical concepts and higher-order thinking in the conceptual categories. Some selected 
ethical competencies are only in the columns for (K1) Factual and (K3) Procedural knowledge, 
while only one competence is in the column for (K4) Meta-cognitive knowledge. In contrast, most 
forms of assessment are distributed across all cognitive levels in the (K2) Conceptual knowledge 
column, while the other knowledge types contain no or only a very limited selection of assessment 
methods. This means that the forms of assessment mainly test students’ conceptual knowledge 
at different levels of thinking rather than at the factual, procedural, and meta-cognitive levels on 
which the range of assessment forms used is limited. It is worth noting that the competencies in the 
(K1) Factual and the (K3) Procedural columns extend to higher cognitive levels than the assess-
ment forms, which means that there are no appropriate assessment forms for the cognitive levels 
(C4) Analyze, (C5) Evaluate, and (C6) Create for the factual and procedural knowledge types.

Table 26.4 demonstrates three important aspects: (1) standardized instruments (in this case 
derived from Kohlberg’s theory of moral development) rather than tailored instruments were iden-
tified as appropriate for assessing ethical affective dispositions; (2) most ethical affective dis-
positions fall into the highest category (A5) Characterizing; and (3) there are suitable tools in 
the (A3) Valuing and (A4) Conceptualizing/Organizing categories, but not in the category (A5) 
Characterizing. This means that the achievement of the ambitious learning goals set by profes-
sional engineering organizations and ethical engineering education – namely that engineering stu-
dents change their values and even their professional behaviors based on these values as a result of 
engineering ethics education – cannot be assessed with the existing tools.

Despite this discrepancy, Table 26.3 and Table 26.4 show substantial overlap in the occupied 
categories for competencies and assessment forms in the taxonomies. This provides an opportu-
nity for systematic thinking about constructive alignment. To be constructively aligned, the map-
ping must classify the three facets of a module – ILOs, learning activities, and assessment tasks 
– in the same categories in Bloom’s taxonomies. If not, the ILO, learning activity, and assessment 
task could each be addressing a different cognitive process level, knowledge type, or affective 
level. However, mapping to the same category is a necessary but insufficient condition for align-
ment. It is possible, for instance, that an assessment task is not suitable for a teaching activity, 
even though they are mapped to the same category. Based on this observation, educators can use 
Table 26.3 and Table 26.4 as a heuristic framework to find assessment forms that align with the 
ethical competencies targeted in a module when designing or revising their modules. Another way 
of using these tables is to analyze which ILOs and assessment forms are not included in existing 
or newly developed modules.

In the process-based approach to ethics engineering teaching, every step in an assignment has 
a characteristic learning activity, which aims to contribute to one (or more) learning outcome(s). 
For instance, the ethical cycle of van de Poel and Royakkers (2011) has the following five steps 
linked to ILOs from Table 26.1:
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• (creating a) Moral Problem Statement – Moral sensibility 1.
• (performing) Problem Analysis – Moral analysis 1.
• (generating) Options for Action – Moral creativity 1.
• Ethical Evaluation (of options in different frameworks) – Moral judgment 1.
• Reflection (to find an equilibrium solution) – Moral decision-making 1.
• In all steps: Moral argumentation 1.

Using Table 26.3 and Table 26.4, the ILOs can be matched with the assessment forms. For exam-
ple, in categories C6-K1 C6-K2, ‘Moral creativity 1’ matches with ‘individual assignment graded 
with rubric, portfolio, group project’ and ‘Rub_2.’

Table 26.4  Mapping of ethical affective dispositions and assessment forms to the affective categories 
(Bloom’s taxonomy of Affective Domain)

Categories Ethical affective dispositions

Ethical ILOs Assessment forms

A1 Receiving 
(awareness, willingness to hear, 

selected attention)

  

A2 Responding 
(appreciating or internalizing)

  

A3 Valuing 
(accepting, preferring, becoming 

committed to)

Moral sensibility1 22

Moral situatedness1 32
DIT, DIT-2, ESIT, EERI

A4 Conceptualizing/Organizing
(incorporating into a value system)

Moral knowledge1 32

Moral character1 12

Moral character1 22

Moral character1 32

Moral emotional development1 22 
Moral agency and action1 12

DIT, DIT-2, ESIT, EERI

A5 Characterizing
(orientation toward / identification 

with)

Moral creativity1 22

Moral creativity1 42

Moral character1 12 
Moral character1 22

Moral character1 32

Moral character1 42 
Moral character1 52 
Moral emotional development1 22 
Moral agency and action1 22 
Moral agency and action1 32

Moral agency and action1 42 
Moral conduct1 12

Moral conduct1 22

Moral conduct1 32

 

1 – The “Categories” column in Table 26.1
2 – The “Sub-Cat.” column in Table 26.1
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 Example: applying the framework to an ethical case study

To make the application of the matching procedure more concrete, we look at the case-based exer-
cise “Apple vs. FBI – the encrypted phone” by Udo Pesch.1 It is based on an actual event in which 
the FBI requested Apple to unlock an iPhone 5C of one of the suspects in a major terrorist attack 
that happened in California in 2015. The FBI believed it would find valuable data about planning 
the attack on the phone. Since Apple had improved its encryption earlier to the point where it could 
no longer unlock iPhones, Apple refused to adjust its technology to allow for investigation in this 
specific case, arguing that this could affect the security of all iPhones and provide the government 
with undue power over its products.

In individual, group, and in-class work, students need to analyze, argue, discuss, and debate 
this dilemma using ethical frameworks, and come up with regulatory and technological measures 
to solve it. The ILOs of this exercise are specified by the author as moral sensitivity and moral 
argumentation. In the more granular conceptualization of Table 26.1, we can discern the following 
ILOs in the exercise’s seven steps:

• Home assignment – moral knowledge 1+2, moral sensibility 1+3, moral analysis 1
• In group value selection – moral argumentation 1, moral analysis 1
• In group argument building – moral argumentation 1
• In-class debate – moral argumentation 1
• Individual work and aggregation – moral judgment 3
• Entire class interactive discussion – moral creativity 1
• Interactive feedback session and concluding – moral sensibility 1+2+3

One way of using the framework would be to look at each of the steps separately, use the ILOs of 
the step and Tables 26.3 and 26.4 to determine the relevant categories, and find possible aligned 
assessment forms in these categories.

However, since most of the ILOs pertain to multiple steps and one may not want to assess every 
step separately, one can first aggregate over the steps to obtain the total set of 9 ILOs for the exer-
cise: moral knowledge 1+2; moral analysis 1; moral argumentation 1; moral judgment 3; moral 
creativity 1; moral sensibility 1+2+3. When mapping these to the two tables, we find categories: 
(C1-K1) Remember-Factual; (C1-K2) Remember-Conceptual; (C2-K2) Understand-Conceptual; 
(C4-K1) Analyze-Factual; (C4-K2) Analyze-Conceptual; (C5-K2) Evaluate-Conceptual; (C5-K3) 
Evaluate-Procedural; (C6-K1) Create-Factual; (C6-K2) Create-Conceptual in Table 26.3 and 
(A3) Valuing in Table 26.4. For these categories, the tables suggest the following possible forms 
of assessment:

• Individual assignment graded with a rubric (Table 26.3: C1-K1; C1-K2; C2-K2; C4-K2; 
C5-K2; C6-K2)

• Portfolio (Table 26.3: C4-K2; C5-K2; C6-K2)
• Group project (Table 26.3: C4-K2; C5-K2; C6-K2)
• Rub 1 (Table 26.3: C2-K2; C4-K2)
• Rub 2 (Table 26.3: C2-K2; C4-K2)
• Rub 3 (Table 26.3: C4-K2)
• Rub 4 (Table 26.3:C4-K2; C5-K2)
• TESSE (Table 26.3: C2-K2)
• EDM (Table 26.3: C4-K2; C5-K2)
• DIT, DIT-2, ESIT, EERI (Table 26.3: C5-K2; Table 26.4: A3)
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Although in principle the standardized instruments (Rub. 1 and following) could be used to assess 
some of the ILOs, tailored instruments would be more appropriate here. As the students work in 
the particular context of the case, it would be preferable to also assess them in this context.

Of the tailored instruments, ‘Individual assignment graded with a rubric’ covers all relevant 
categories2 with one exception (A3), which makes it a good candidate for aligned assessment. The 
exercise has steps that are performed individually as well as steps performed in groups. Still, we 
can easily imagine that a student’s written answers and performance in group activities are scored 
individually according to a set of rubrics. Another reason to go with a single form of assessment 
here is that the exercise is designed to be rather short, involving 2 hours of home preparation and 
2 hours in class.

The one category not covered by the proposed assessment form is A3, for moral sensitivity 2. 
This is a dispositional ILO, so assessing requires measuring a change in behavior, by administer-
ing a standardized test (DIT, DIT-2, ESIT, EERI, see Table 26.4) before and after the exercise. 
Although possible in principle, in practice, this is typically done for longer-form activities, like an 
entire unit or series of units.

In the example, we applied the framework to a single short exercise. But the same way of 
thinking applies to more complex and extensive exercises (it is not uncommon for case-based 
exercises to fill an entire 3 or 5 credit-hour course) and can be used in designing units with multiple 
educational elements. Starting from the ethical ILOs, aligned possible forms of assessment can 
be determined from Tables 26.3 and 26.4. From these candidate assessment forms, those that best 
match the educational activities developed for the unit (which themselves must be aligned with the 
ILOs) can then be selected and implemented. Conversely, the framework could be used to check 
for an existing course if the used assessment forms align with the ILOs.

 Conclusions and future work

This chapter has presented a methodology for aligning ethical competencies and affective disposi-
tions with forms of assessment in engineering ethics education. To elaborate this methodology, 
the authors examined current academic literature and documents from professional and accredita-
tion organizations to identify ethical competencies and dispositions that need to be addressed in 
engineering ethics education and explored tailored and standardized forms used to assess ethi-
cal competencies and dispositions. Following the principle of constructive alignment, the authors 
matched ethical competencies and affective dispositions to assessment forms by mapping both to 
Bloom’s revised taxonomies of Cognitive and Affective Domains. As a result, a heuristic frame-
work consisting of Tables 26.3 and 26.4 has been developed to assist educators in developing new 
and improving existing engineering education modules.

This framework can be used in four ways: (1) to see how the ethical ILOs are distributed over 
the cognitive categories and knowledge levels of the Bloom’s Cognitive Domain and the catego-
ries of the Bloom’s Affective Domain: which cells are filled and which are empty, pointing to 
potential gaps in literature and practice; (2) to identify the assessment methods that best match the 
ILOs of a newly developed module; (3) to check whether the assessment methods used in existing 
modules actually test the ILOs in those modules; and (4) to survey the tables of the framework to 
see which ILOs and assessment forms are not addressed or included in existing or newly devel-
oped modules. The heuristic framework reflects the authors’ current understanding and interpreta-
tion of the theoretical and conceptual base and, therefore, requires further validation.

Based on the results obtained, several observations can be made. Examination of tables 26.3 
and 26.4 shows that these tables are not evenly filled out with ILOs and assessment methods and 
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that some cells are empty. It is worth noting that the ‘Assessment forms’ columns in these tables 
have more empty cells than the corresponding ‘Ethical competencies’ columns. The empty cells 
could point to gaps both in ILOs and assessment forms for ethics engineering teaching, especially 
in the knowledge types (K3) Procedural and (K4) Meta-cognitive, which are significant for the 
development and transfer of ethical thinking (Billing, 2007). Our findings show that methods for 
assessing affective dispositions, including (a) the ethical learning goals of higher education and (b) 
the codes and requirements of professional and accreditation organizations, are underdeveloped.

Comparisons within Table 26.3 and Table 26.4 show that the ethical learning goals outside of 
the conceptual knowledge column (K2) are generally located at higher cognitive and affective 
levels than the assessment methods and are therefore, overall, more challenging. There are several 
possible explanations for this: (1) the ethical ILOs have broadened and deepened and have become 
more complex in recent decades due to new societal demands (see the second section of this chap-
ter), and developments in the academic field of engineering ethics while assessment methods have 
not kept pace with these changes; or (2) there are appropriate assessment methods for all ILOs of 
ethics modules, but engineering ethics teachers are not aware of them and therefore do not fully 
deploy them; or (3) engineering faculties are content to assess ethical competencies at a lower 
level than they are taught. At this point, these explanations are speculative. Determining whether 
one or more of them is true requires a study beyond the scope of this chapter.

To further develop the proposed framework and address the gaps identified, future work is 
proposed on several fronts:

• Conduct a literature review of learning activities used in engineering ethics education and 
map them onto the Revised Bloom’s Taxonomy and Bloom’s Affective Taxonomy. This 
will provide commensurable overviews of all three educational facets, enabling teachers to 
consider the complete alignment of ILOs, learning activities, and assessment forms in ethics 
engineering teaching.

• Examine the ‘empty cells’ in Tables 26.3 and 26.4 to see if ILOs can be defined or if forms 
of assessment useful for ethics engineering teaching should be constructed. Of particular 
interest in this respect are the empty cells of the knowledge types (K3) Procedural and (K4) 
Metacognitive and the cell for assessment forms in (A5) Characterizing.

Notes
1 See https://edusources .nl /en /materials /a506f5e6 -6078 -472a -aec7 -a56042b88ce6/
2 Note that not all relevant categories in Tables 26.3 and 26.4 are occupied; C2-K1, C4-K1, C5-K3, C6-K1 

do not have entries for forms of assessment.
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Introduction

In this chapter, drawing from case studies, we discuss the current state of assessing engineering 
ethics through the lens of attitudes and character development. Evaluating engineering students’ 
character and ethical development requires assessing their knowledge, skills, and attitudes (KSA) 
related to moral, intellectual, and performance dimensions (Seider et al., 2017). Systematically 
and meaningfully measuring the dimensions of ethics and character can provide insights into what 
processes and experiences of learning environments make a positive difference. As engineering 
ethics educators, refining our assessment practices can help us (as individuals and as a community) 
teach ethics better and more effectively and define pedagogical methods that develop our students 
holistically.

Assessing KSAs related to character and ethical development poses noteworthy challenges. 
Confusion is evident regarding conceptualization (definitions) and operationalization (i.e., how the 
concrete measures will look) (Card, 2016). There is additional confusion evident in the literature 
regarding what experiences to assess and how to provide meaningful feedback on developmental 
character-related dimensions without being punitive or assuming there is some ‘right’ amount 
or type of character necessary to be successful and ethical (Davis & Feinerman, 2012; Martin et 
al., 2021). The myriad approaches to framing character and ethical development in engineering 
stem from various nuanced contexts that concern character-relevant attitudes in the engineering 
curriculum. Before we delve further into the assessment of character development, it is important 
to define a few things. Thus, in the following section, we provide definitions for character and 
attitudes based on our desk and field research. We provide an overview and then describe eight 
cases where pedagogies and research methods have been implemented to develop and test vari-
ous aspects of development in this realm. We use these case examples – drawn from the literature 
and our own research work – to discuss how character and attitudes have been represented and 
assessed in the engineering curriculum. Subsequently, we identify and reflect on existing gaps and 
pose recommendations for developing and assessing character and ethical attitudes in engineering 
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ethics education. We end with concluding thoughts to summarize key takeaways. Our first step is 
to introduce ourselves as authors so that readers can better understand the experiences, assump-
tions, and underlying beliefs that inform our work.

Positionality

In her Ph.D. dissertation, this chapter’s lead author, Adetoun Yeaman, studied empathy, including 
its role and how it can be supported within undergraduate engineering students’ experiences in 
service-learning programs. This research sparked Adetoun’s interest in socio-ethical competencies 
more broadly. After completing her Ph.D., she spent three years as an engineering education post-
doctoral fellow in the Department of Engineering at Wake Forest University. In this role, she col-
laborated with an interdisciplinary team to reimagine ethics education in engineering and design 
curricular modules that approached ethics from a virtue ethics lens (as reported in cases 4 and 
8 below, e.g.). Now, as an assistant teaching professor of first-year Engineering at Northeastern 
University, she continues exploring ways to integrate ethics and engineering teaching. She strives 
to help students see ethics and engineering as related and to build students’ confidence in practic-
ing engineering with the well-being of humanity and the environment in mind.

Balamuralithara Balakrishnan, the second author, lives and works in Malaysia. He is a pro-
ponent of holistic development for future engineers. He promotes educational techniques that go 
beyond typical classroom teaching and learning – to emphasize developing ethical character and 
promote a positive professional attitude. As a transdisciplinary researcher in ethics, sustainability, 
creativity, and STEM education, Balamuralithara has prioritized research on character and atti-
tude. His research investigating students’ perceptions of and attitudes toward engineering ethics is 
featured in cases 6 and 7 below. Balamuralithara teaches engineers to meet technical requirements 
and constructively contribute to society via ethical decision-making by emphasizing integrity, 
responsibility, and a collaborative approach.

The third author, Olga Pierrakos, was born in Greece and moved to the United States at the 
age of 10. She identifies as a naturalized citizen, first-generation college student, first-generation 
engineer (with BS, MS, and Ph.D. degrees), woman, engineering educator, engineering education 
researcher, biomedical engineering and mechanical engineering researcher, inclusive and innova-
tive higher education leader, and interdisciplinary scholar. As a founder of two new engineering 
programs in the United States, she strongly believes ethics education, leadership and character 
development, and innovation can push the boundaries of engineering education and help reim-
agine the culture in engineering. As a program director at the National Science Foundation, she 
witnessed the power of policy and research to advance knowledge and positive societal impact 
through high ethical and equitable standards.

The fourth author,   Elise Dykhuis, is a developmental psychologist trained in North American 
contexts, using a paradigm that takes into account the complexity of individual development with 
regard to social, cultural, and biological diversity. Elise’s expertise is in character development and 
measurement. She looks at how interventions can be developed for population-level integration, 
particularly in university contexts.

As an authoring team, our diverse perspectives guide us to remain open and learn from the 
expertise and diverse experiences of others. Together, we believe that ethical engineering extends 
beyond technical proficiency to include a strong character and a good attitude – both required for 
navigating the engineering profession’s complicated ethical landscape. We believe engineering 
ethics education should be transformative, developing cognitive components of ethical reason-
ing, character characteristics, and attitudes contributing to ethical behaviors. We believe engineers 



Assessing attitudes and character  

489

have an ethical responsibility to society – a bigger purpose to better humanity – and that we 
need to educate the next generation to understand this bigger purpose. Yet we also believe that 
few researchers are involved in this subject area because character and attitude toward ethics are 
extremely complex to measure and assess. The four of us are all involved in producing research in 
this realm as well as teaching future engineers. Writing this chapter has provided the opportunity 
to consider and assess our work in new ways.

Background

This section defines attitudes and character and situates the work done in engineering education 
(both teaching and research) within the broader literature.

Attitudes

Eagly and Chaiken (1993, 2007) defined attitude as “a psychological tendency that is expressed 
by evaluating a particular entity with some degree of favor or disfavor” (pp. 1, 582). Lamprianou 
and Athanasou (2009) described attitudes as “a system of beliefs, values or tendencies that pre-
dispose a person to act in certain ways” (p. 254). Although several definitions for attitude(s) exist, 
Eagly and Chaiken (1993, 2007) emphasized that at the core of attitude are evaluation, the object 
of the attitude (what the attitude is directed towards), and tendency. Individuals can have atti-
tudes towards myriad categories, including people, places, opinions, values, and even themselves. 
Attitudes can be positive, negative, or ambivalent. Attitudes can be expressed in responses like 
evaluative judgments, emotions, or even behaviors – but these responses do not comprise attitudes 
(Eagly & Chaiken, 2007).

Character

For this chapter, we focus on character, as Berkowitz (2012) defined it: the constellation of posi-
tive psychological attributes that allow individuals to live self-transcendent, flourishing lives. Our 
conceptualization of character is widely accepted and detailed by many, including Baehr (2017). 
It is comprised of various strengths, or virtues, that are emblematic of self-transcendent, flour-
ishing lives, and with major domains identified as (1) moral – including empathy, compassion, 
humility, honesty; (2) intellectual – including curiosity, creativity, and intellectual humility; (3) 
performance – including resilience, persistence, and tenacity; and (4) civic (which often overlaps 
moral) – including fairness and respect. Specific models in this realm vary depending on their 
theoretical approach.

Attitudes, character, and ethics education assessment

Connections between character and attitudes have important implications for ethics education and 
assessment. A major goal of ethics education is to promote ethical decision-making. At the core, 
engineering ethics educators hope to promote ethical decisions and behavior in their students for 
future engineering practice. Although we cannot fully predict that an individual will make ethical 
decisions in the future, we can educate for and measure attitudinal changes which are a precursor 
to behavioral (among others) changes (Ajzen, 1985; Ajzen & Fishbein, 2004).

Character development is associated with understanding attitudes – or thoughts, feelings, and/
or beliefs –associated with a particular subject or idea (Eagly & Chaiken, 1993). A person who 
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embodies a certain character trait or virtue is more likely to behave in a way that aligns with such 
a character trait. For example, an empathetic person will likely show empathy towards others in 
different situations. A kind person is likely to be kind in various contexts. Yet, virtues like empa-
thy and kindness are hard to measure. It could be presumptuous to conclude that an individual is 
empathetic or kind without having long-term familiarity with the individual. We might go about 
such a quest by measuring attitudes emblematic of such virtues instead.

Research on character is, in part, attitudinal research, in the sense that we can have attitudes 
toward oneself, others, and the world – and these attitudes partly constitute one’s character. 
Additionally, a person’s character can dictate their attitude toward any object (Eagly & Chaiken, 
2007). Character and attitudes have a rich history in being assessed in education settings given the 
formative requirements of educational systems (Berkowitz & Bier, 2005), but have a much shorter 
history in the specific context of assessment in engineering ethics education.

Character and attitudes are represented in various ways in the engineering curriculum. Character 
has been discussed as a curricular goal to be developed through engaging with specific issues like 
sustainability (de la Riva de la Riva et al., 2015). Sometimes, engineering educators discuss char-
acter and virtues as ancillary to other efforts such as entrepreneurship education (Jen et al., 2012) 
or leadership development (Hawks, 2009), or in the context of introducing virtue ethics as one of 
several frameworks for engaging students in ethics discussions (Gomez, 2013; Van Tyne, 2020) 
often centered around resolving dilemmas (see Chapter 22 for more on virtue ethics). Sometimes, 
educators focus on building specific character traits such as ‘grit’ in students (Direito et al., 2021; 
Golding et al, 2018); ‘grit’ is defined as the perseverance and passion an individual exhibits over 
time to overcome challenges and setbacks (Duckworth, 2016). Attitudes have also been discussed 
in engineering ethics curricula in diverse ways. In the literature, attitudes are sometimes discussed 
in exploring student attitudes towards ethics, ethics curricular implementations (Sethy, 2017), sus-
tainability, or diversity. ‘Ethical attitude’ is one of the ways attitudes are discussed in engineering 
education publications (Lee, 2018). Importantly, within the engineering education literature, the 
terminology regarding ‘attitudes’ has been more connected to assessment than character has been. 
As the teaching and research cases described later in this chapter will show, several attitudinal 
assessments have been used to measure ethics-related learning objectives.

Assessing character has proven to be more difficult than assessing attitude: (1) incorporating 
character and virtue in engineering education is still in its infancy; (2) many character education 
efforts in higher education are grappling with how to conduct assessment; (3) in terms of evidence, 
we need to use caution when attempting to assess character traits (i.e., it is challenging to gauge 
that a person has attained better character or is more kind, just, empathetic, etc. as a result of an 
intervention). Consequently, in the next section, we will use the term ‘character education’ to 
include all attempts to incorporate character or support character development in the engineer-
ing curriculum. We acknowledge that character education is a holistic process informed by vir-
tue ethics and concerned with cultivating character in individuals to promote human flourishing 
(Pierrakos et al., 2019). For simplicity, we will also use the term ‘ethical attitudes’ in this chapter 
– to mean attitudes related to ethics education outcomes.

Assessing attitudes and character education efforts in engineering ethics

Because there is no singular way that attitudes and character are taught or assessed in engineering 
ethics curricula, this section features a variety of examples, including some that relate to either 
(a) attitudes or (b) character and (c) those that connect to both. We present these examples as a set 
of eight cases that involve teaching (i.e., pedagogical/educational interventions/treatments) and 
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formal assessment measures. We present the cases based on the three assessment types evident 
in the literature: (1) assessment of cognition and skill, (2) assessment of student attitudes, and (3) 
assessment of pedagogical methods. These examples are summarized in Table 27.1.

We selected a range of intervention/teaching methods and assessment/measurement types and 
identified one published case of each type to share here. Some of the eight cases featured below 
(specifically cases 4, 6, 7, and 8) represent projects we ourselves were involved in. The process we 
used to select the cases featured below includes a selection of papers from literature informed by 
results of a prior scoping literature review that helped reveal engineering education interventions 
related to character development (see Yeaman, 2022). We focused on only the ones with descrip-
tions of the assessment approaches that were applied. We extended that work with additional 
searches to account for new scholarly works that may have and cases we knew about because of 
our involvement. Our inclusion criteria were the following: published research, ethics, engineering 
education, and either character development assessment or attitude assessment.

Most of the assessment efforts identified in the research studies (listed in Table 27.1) were 
implemented at the course level, and the researchers endeavored to measure character traits, char-
acter-focused outcomes, or attitudes within students. In a few instances, the treatment intervention 
or assessment method expanded beyond the boundaries of a single course.

The measures used in the featured research cases draw from quantitative and qualitative 
approaches. Most of the cases used quantitative measures like self-reported survey questionnaires. 
Some used standardized measures (like quizzes and exams) or ad hoc measures tailored to the 
needs of the respective program.

Our intention is to provide examples of what has been done to date so that our community can 
learn from and build upon existing work. Our aim was not to make evaluative judgments about the 
efficacy of the intervention/programs or assessments. Nevertheless, we provide some preliminary 
analysis based on supporting literature and our own experience as researchers in this realm. This 
realm of inquiry is nascent and emerging; published research is thus, at this point, exploratory in 
nature. The cases show approaches used in published research; yet the results are not as robust 
as in more established realms of research on engineering education, and the method of reporting 
findings doesn’t provide the reader with a very high level of confidence. Nevertheless, the devel-
opment of this nascent line of inquiry rests on those who pioneer tools, methods, and methodolo-
gies – those who develop and seek to test their hypotheses and pedagogical designs empirically.

Table 27.1  Summary of cases to exemplify attitudes and character education assessments in engineering 
education

Assessment outcomes 
and objectives

Types of assessment measures/methods (researchers reporting results)

Assessment of student 
learning and skill

Case 1 – Standardized ethics questions (Davis & Butkus, 2008) 
Case 2 – Case-based action plan (Dillon et al., 2020) 
Case 3 – Self and peer performance evaluation (Hawks & Terry, 2009)

Assessment of student 
attitudes

Case 4 – Self and team reflections in project work (Gross et al., 2021) 
Case 5 – Self-assessment of grit (Golding et al., 2018) 
Case 6 – Self-assessment of ethical attitudes, course level (Balakrishnan, 2015) 
Case 7 – Self-assessment of learning, program level (Balakrishnan et al., 2019)

Assessment of 
pedagogical methods

Case 8 – Assessment of pedagogies and character cultivation, program level 
(Koehler et al., 2023) 
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Assessment of student learning and skill

The cases in this category comprise engineering courses or programs that incorporated charac-
ter education (to any degree) and applied assessments regarding whether students learned some-
thing (e.g., ethics content knowledge), gained a skill (e.g., action plan development), or developed 
new abilities (e.g., leadership). The assessments in these cases involved standardized tests, focus 
groups, self and peer evaluations, and self-report questionnaires.

Case 1: Standardized exam questions to assess impact regarding ethics and character

In this case, Davis and Butkus (2008) used standardized, multiple-choice questions to assess stu-
dents’ learning of ethical topics and character development. We use this case as an example of how 
standardized tests have been used in the engineering ethics education literature. It is important to 
note that despite the age of this example, it has been very difficult to find examples of standard-
ized tests used in higher education for the purposes of assessing character. More recently, there 
has been some work to explore the use of situational judgment tests to assess character in higher 
education (Kuncel et al., 2020).

Assessment measures – Davis and Butkus (2008) used a set of standardized, multiple-choice 
questions from the NCEES Fundamentals of Engineering (FE) exam. Questions came from the 
Fundamentals of Engineering (FE) exam ethics portion (NCEES, 2023). Some questions were 
based on ethics terminology and definitions, while others were behavioral questions regarding 
some written scenarios.

Context – Davis and Butkus (2008) of the United States Military Academy engaged students 
in an ethical education and training program to support cadets in moral character development. 
The program includes a series of ethical education activities and training events spread through a 
47-month experience including one philosophy course/module and a leadership course. Within this 
program, engineering students engaged in case-based learning which incorporated cases reflecting 
ethical situations that they could face on and off the battlefield. Student cadets also analyzed their 
ethical views regarding various contemporary issues – probing their own perspectives of medical, 
social, and engineering ethics – in small group discussions facilitated by faculty. The researchers 
wanted to know if students’ performance on the exam would improve due to the training program. 
Thus, they were attempting to gauge their character program’s impact on students’ learning by 
assessing students’ performance on ethics questions. They conducted an experiment by comparing 
scores of voluntary participants from a sample of entering students who had no training with the 
scores of students who had experienced some of the institution’s training program. None of the 
participants had experienced formal ethics training previously (in contrast to character training).

Findings – Davis and Butkus (2008) conducted a t-test of the scores. The data did not show 
statistically significant differences between the scores of the two groups.

Primary relevance to this chapter – The authors acknowledged a need for better ways to carry 
out their assessments in the future. The faculty at this institution has continued working to improve 
the character program and assessment since the time of the (Davis & Butkus, 2008) publication. 
This case provides an example of work underway to help inspire readers and encourage others to 
take a similarly iterative approach to developing research in this realm.

Case 2: Case-based action plan

This case’s intervention and assessment were reported by Dillon et al. (2020).
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Assessment measures – Dillon et al. (2020) focused on assessing a specific skill in students – 
the ability to develop an action plan for ethics. The tools used for research purposes were obser-
vations as well as a self-report survey with students that included Likert-scale and open-ended 
questions. The results of the observation and open-ended questions were not discussed in Dillon et 
al. (2020), so we can only summarize the survey results here.

Context – Drawing insights from Mary Gentile (2010) that oftentimes people know what is 
right but lack the preparation to practice it when faced with an issue that challenges their ethics or 
character in a professional setting, Dillon and colleagues (2020) designed a course-based module 
to support students in this preparation. The three objectives of their module were for students to 
(1) develop an action plan to modify or address an ethics or character issue, (2) explore multiple 
solution paths, and (3) identify the needs and motivations of various stakeholders. The module was 
implemented in a heat transfer course with junior-level (i.e., third year) students and embedded 
into an existing class project. The class comprised around 40 students with two or three students 
in each project group. The module presented students with an ethical dilemma related to vaccine 
transportation. The simulated dilemma involved a conflict between an engineering design team 
and their management team. More details on the dilemma and how the project was implemented 
can be found in the paper (Dillon et al., 2020).

To assess this module, the research team focused on students’ ability to develop an action plan 
for ethics as the main skill to be assessed. They assessed this ability via a student self-reported 
survey. The survey included Likert questions that asked students to self-assess specific learn-
ing objectives and free-response questions that asked for examples to illustrate their growth in 
the learning objective. The researchers (Dillon et al., 2020) presented statistical data from the 
closed-ended survey results. They used natural language processing to analyze the open-ended 
responses.

Findings – According to Dillon et al. (2020), students indicated the educational activities helped 
build ethics-action-planning skills, including the objective of exploring multiple solution paths. 
Some of the notable themes that came up related to the objective of developing “an action plan 
to modify or address an ethics or character issues” are that the project “helped them consider the 
impact of their own decisions as an engineer” and “helped them consider multiple perspectives” 
(p. 8). The researchers claimed that the kind of module they implemented may support character 
development in engineers.

Relevance to this chapter – This case’s teaching and research methods seem worthy of addi-
tional study. The reported survey results (Dillon et al., 2020) are interesting and may be useful to 
readers.

Case 3: Self and peer performance evaluation

This case was published by Hawks and Terry (2009).
Assessment measures – The case’s assessment of a character and leadership program’s outcomes 

involved focus groups, a ‘360-degree self-evaluation instrument,’ and a post-course assignment 
survey. We note that 360-degree self-evaluation instruments have gained traction in organizational 
settings for performance evaluation that considers feedback from peers, superiors, and subordi-
nates in addition to an individual’s ratings of themselves (Craig & Hannum, 2006).

Context – Hawks and Terry (2009) discussed a plan developed by the the Ira A. Fulton College 
of Engineering and Technology at Brigham Young University to prepare and develop students 
as leaders for success in a changing global environment. According to the authors, one of the 
five focus areas of this plan was character development, which included ethics. The other areas 
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included technical excellence, systems emphasis, leadership, global awareness, and innovation. A 
course was designed to help students develop these five attributes within the college. Engineering 
instructors taught the course, and non-engineering students across the university were welcome to 
take it as a general education elective. An important part of the course emphasized leadership and 
the development of leadership attributes and skills. These attributes included ‘absolute integrity’ 
and ‘sound moral values.’ Hawks and Terry (2009) alluded to the notion that character and leader-
ship are intertwined in the sense that there are aspects of one’s character that support good leader-
ship. The course’s leadership component involved several opportunities for experiential learning 
via in-class team-based activities, case studies, and out-of-class team projects. There was also 
an emphasis on self-awareness – viewed as a vital part of leadership development. To promote 
self-awareness in students, the educators delivered instruction on team development and dynam-
ics using the Kolb Learning Style Model, the Myers-Briggs Type Index, and the Tuckman Model 
of team development. Students completed inventories to identify their own learning styles and 
personality types (even though the report was unclear whether students took all three inventories).

The class used team projects to explore topics like corruption in the technology industry in a 
country of their choice. One of the team projects engaged students in investigating a major societal 
issue. Students were asked to create a survey to better understand the issue and write an executive 
summary of the investigation to a hypothetical media outlet’s chief executive officer (CEO). The 
students were introduced to leadership theories (e.g., trait, character, contingency theories) and 
various leadership models.

The assessments for the course were focused on three questions. First, Do students see them-
selves as leaders? This question was not formally addressed in the course but pursued through a 
focus group sponsored by the college administration. Some of the seven prompts for the focus 
group included the following: Before this class did you see yourself as a leader? and What does it 
mean to be a leader, in your minds?

The second question was the following: How did the course learning activities help inform the 
students about their leadership potential? This question was assessed via self-reports corroborated 
by assessments from other people using a 360-degree self-evaluation instrument. In this context, 
students took the assessment and gave it to three people who knew them.

The third and final was the following: Have students  thought much about leadership theories 
and principles and what leadership principles are important to the students?Addressing this ques-
tion involved an assignment in which students formulated their own personal leadership theory 
and defended it in a short paper. Following the assignment, students were asked to fill out a survey 
of Likert-type questions on a scale of 1 (do not agree) to 5 (strongly agree).

Findings – Hawks and Terry (2009) presented the focus-group results via bullet points address-
ing each question (the researchers defined seven questions overall). The paper provides greater 
detail, but the results most relevant to this chapter were that some students saw that they were put 
in leadership positions continually but did not see themselves as leaders. Going through the class 
helped them realize that they had been leaders before the course. Some students’ perspectives on 
leadership shifted from seeing it as ‘managing others’ to being more about ‘personal character.’

The survey regarding leadership had four items. One of the survey items regarding the assign-
ment was, “I intend to use this as a basis for my leadership activities in the future.” The average 
rating of student responses for this item was 4.36 (with 5 being the upper limit of the scale).

The focus group and survey data provided a more overarching view of what students had gained 
from the course, helping the researchers ascertain how experiencing the course could be improved.

Relevance to this chapter – It was interesting and novel to us to see how this study applied 
several forms of assessment, including formative and summative assessments that corroborated 
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evidence regarding students’ growth. Inventories allowed students to get to know themselves bet-
ter. Students also had the opportunity to learn about leadership and character and practice their 
learning through team-based projects, which were assessed formatively. Notably, this case pro-
vided formative feedback to students that they could implement and improve upon. Summative 
assessments were made of the students’ personal leadership theories and reflections on them.

We were also intrigued that there were mixed results in relation to the usefulness of the 
360-degree instrument. Some students indicated it was not helpful yet but might be helpful for 
them later in the future. Others indicated it helped them see areas of leadership they needed to 
improve; others said it helped them to focus on their strengths.

As researchers reading the report by Hawks and Terry (2009), we would have liked to find a 
better description of how the project assignments were assessed. We encourage future research 
to apply more structured, reliable, and transparent approaches to analyzing the survey and focus 
group data.

On the plus side, Hawks and Terry (2009) documented a rare example of character-based inter-
ventions at the course level that have applied several assessment types, particularly ones that 
corroborate various types of evidence regarding an individual’s growth/performance. Although 
the leadership intervention discussed in this case was delivered within one course, it was part of a 
larger institutional effort that afforded methods like focus groups.

The resource-intensive nature of the model presents a challenge to adopting a similar model 
at other institutions. Nevertheless, we believe the instruction methods, student assignments, and 
assessment rubrics may prove helpful in other contexts. Techniques to promote self-awareness 
using the 360-degree instrument (or similar tools) can be adapted to other settings. We encourage 
future researchers to consult the paper by Terry and Hawks (2009) and consider using these assess-
ment approaches based on the resources available within their respective institutional contexts.

Assessment of student attitudes

Case 4: Self and team reflections regarding character in project work

Authors 1 and 3 worked on this study, published in conference proceedings (Gross et al., 2021).
Assessment measures – Generating reflections on personal character and team dynamics during 

collaborative projects facilitates individual and collective learning. Self and peer reflections dur-
ing team-based project work can take different forms; an example of one is provided in this case.

Context – Gross et al. (2021) described a module dedicated to fostering teamwork as a 
virtue in undergraduate engineering students. The module focused on teamwork embedded 
in a project-based course for first-year engineering students. The course was divided into two 
halves; each engaged students in a project. The module was introduced in the middle of the two 
projects as students were transitioning from one project to the next, but it was completed at the 
end of the second project. One of the projects involved using sensors to collect and analyze 
data to determine which method is better for transferring patients with potential spinal injuries. 
The other project required designing a water filtration device. The module engaged students 
in hands-on activities such as brainstorming exercises, discussions, and reflections. It applied 
the seven strategies of character development (Lamb et al., 2021) as a framework for guiding 
the activities: habituation through practice, reflection on personal experiences, dialogue that 
increases virtue literacy, awareness of situational variables, engagement with virtuous exem-
plars, moral reminders, and friendships of mutual accountability. The assessments used in this 
intervention involved both self and peer assessments guided by specific prompts provided by 
the instructor.
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In the beginning, students produced their own lists of qualities they believed described a good 
team member. The instructor introduced the definition of ‘a virtue,’ three categories of virtues 
(Jubilee Framework, 2022), and examples of virtues for each category. The instructor described 
teamwork as a performance virtue. In a class-wide brainstorming activity, students categorized the 
qualities of a good team worker using a Venn diagram. They collectively developed a ‘top-15 list’ 
of attributes of a good team worker, which became a metric for assessment in the module. Students 
rated which attributes they thought they exhibited during the first project and identified tangible 
examples. Each student rated, and was also rated by, their teammates. Then each student chose one 
attribute they would like to work on during the semester. The class repeated the rating exercise at 
the end of the second project. The rating process was supported with discussions and reflections 
about how students saw themselves versus how they were rated by others. Gross and colleagues 
(2021) provide details regarding how the module was executed.

Findings – Students, over the course of the module, refined their ideas of what it means to 
embody teamwork. Their ratings, involving both individual and peer assessments, provided an 
opportunity for students to reflect on their character, how they wanted to grow, and any changes 
they saw in themselves over the course of working in project teams. This assessment was forma-
tive: students had initial thoughts on what it meant to be a good team worker and the qualities they 
saw in themselves, and then they received feedback from peers and had the opportunity to refine 
their thoughts.

Relevance to this chapter – This case is an example that illustrates a curricular intervention 
geared towards cultivating a specific virtue or trait, in this case, teamwork. It serves as a help-
ful example of providing formative feedback to students to help them improve over time. These 
assessments also exemplify the use of ad hoc approaches.

Case 5: Self-assessment of grit

This case was published by Golding et al. (2018).
Assessment measures – In this case, Golding et al. (2018) used multiple approaches to address 

different outcomes. The investigators assessed grit using a validated self-assessment instrument – 
conducting pre- and post-tests with a treatment and a control group. They also created an ad-hoc 
survey that addressed students’ perceived growth from the reported intervention. Lastly, they col-
lected qualitative responses to an open-ended question.

Context – Golding et al. (2018) described a technology-supported learning program called 
‘STEMGrow’ implemented at two interconnected institutions (El Paso Community College and 
The University of Texas at El Paso). The program involved first-year students entering science, 
technology, engineering, and mathematics (STEM), although the students in this report specifi-
cally majored in engineering and biology. Theoretical assumptions underpinning the research 
included grit and self-control as important determinants for success and the idea that grit can be 
self-developed. A cloud-based app – EduGuide for STEM online learning activities, coaching, and 
mentoring – was used. STEMGrow focused on developing the character strength of grit in stu-
dents, among other outcomes of the intervention. The EduGuide online toolkit increased students’ 
autonomy by providing an avenue for self-paced learning and helped students and their mentors 
maintain communication.

The assessment of grit levels utilized a validated instrument, the ‘Short Grit Scale’ or ‘Grit-S,’ 
to assess passion and perseverance (Duckworth & Quinn, 2009). The scale consists of items like 
‘new ideas and projects distract me from previous ones’ and ‘I am a hard worker’ rated from 1 
(not like me at all) to 5 (very much like me) or vice versa (for reverse scored items). The research-
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ers reported results of 38 students in the experimental group and 12 students in the control group 
as these were the consistent participants in both the pre- and post-test. This assessment aimed to 
determine the program’s impact on students via the development of grit, science motivation, and 
perceived growth attributed to the STEMGrow program.

To assess students’ perceived growth due to the intervention, an ad-hoc survey was used with 
the question “So far, how have you grown through the work you’ve done with EduGuide?” The 
response items included a list of 14 impact areas (e.g., I’m more self-motivated, enjoy learning 
more, manage stress better, and get over setbacks quicker). For each impact area, students could 
select no growth, little/slight growth, moderate growth, considerable growth, or significant/very 
considerable growth.

The researchers also collected qualitative responses to an open-ended question: In your own 
words, how has your work with EduGuide helped you so far this year? Students responded to this 
question as they saw fit.

Findings – Golding et al. (2018) presented the results of Short Grit Scale scores, which indi-
cated improvement in average grit levels within students’ first semester. In contrast, the control 
group experienced a decline in grit scores. Regarding student perceptions of impact, the research-
ers combined the percentages of students who responded with considerable and very considerable 
growth in all impact areas. The results showed that the highest percentage of students reported 
considerable’ to ‘very considerable’ growth on 13 of the 14 items including ‘get over setbacks 
quicker’ (an item important to the grit framework that guided the study). Moreover, the open-
ended question elicited many positive responses from students including “It has helped me realize 
that anyone can do or become anything, all we need is more commitment” and “I have improved 
by not focusing on setbacks.”

Relevance to this chapter – This case provides one example of how a specific character trait 
can be assessed in an engineering context using both quantitative (self-report surveys) and qualita-
tive approaches (open-ended responses). Nevertheless, it would have been more helpful to see the 
researchers code the free responses based on the grit framework they used. For researchers want-
ing to conduct research on grit, we recommend consulting the systematic literature review on grit 
in engineering education by Direito et al. (2021), which provides recommendations for reporting.

Case 6: Assessing Malaysian engineering students’ attitudes towards 
socio-ethical issues using survey questionnaires and interviews.

Author 2 led this research study, which was published in a book chapter (Balakrishnan, 2015).
Assessment measures – Balakrishnan (2015) used a mixed-methods approach involving a 

survey questionnaire and an interview process to assess students’ attitudes towards socio-ethical 
issues.

Context –  Balakrishnan (2015) focused on the students’ attitudes regarding socio-ethical 
issues in engineering in general, rather than the understanding of the content of the subject-related 
socio-ethical education. A survey questionnaire was given to 43 final-year engineering students 
at University C in Malaysia. The questionnaire contained statements designed to evaluate the 
students’ attitudes towards socio-ethical engineering issues. The statements were adopted from 
studies by Lathem et al. (2011) and Balakrishnan et al. (2013) but were modified to align with 
the needs of this study; the modified questionnaire can be found via Balakrishnan (2015). The 
study participants came from various engineering disciplines. All were in their final semesters 
before graduation and had completed a compulsory engineering ethics course called ‘Engineers in 
Society.’ That course covers socio-ethical issues, environmental impacts, and economic implica-
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tions of the engineering profession, and its goal is to introduce students to the history of science 
and technology, issues concerning the impact of technology on economic development and the 
environment, engineering issues in the Malaysian context, the engineering profession, the code of 
ethics, and professionalism.

A five-point Likert-type scale (5 for strongly agree and 1 for strongly disagree) was used in the 
questionnaire to rank the level of respondents’ agreement and disagreement with given statements. 
Three experts in engineering ethics, who each had more than 10 years of experience, helped vali-
date the questionnaire. The data collected were normally distributed and the reliability value for 
the collected data (Cronbach’s Alpha) was calculated to be a = 0.824. Thus, the data collected for 
this study is considered reliable and within the accepted range.

Of the 43 survey participants, 20 were randomly chosen to interview regarding their perspec-
tives on (a) engineering ethics education and (b) their roles and responsibilities as future engineers; 
the students’ interviews were used to support and confirm the study’s findings.

Findings – The mean values recorded for the questionnaire ranged from 1.95 to 3.12, with a 
standard deviation ranging from 0.109 to 0.391. According to the mean value scores, the respond-
ents had low mean scores in response to all the statements in the questionnaire that assessed their 
attitude towards socio-ethical issues in engineering. The statement that measured belief towards 
sustainability issues in engineering design or projects had the lowest mean score (1.95), indicating 
that awareness and knowledge of sustainable development in engineering were not emphasized in 
the program. According to the interviews, most participants took engineering ethics without real-
izing the importance of socio-ethical issues in the engineering profession. Moreover, there was a 
lack of socio-ethical-related activities conducted throughout their program of study. Some inter-
viewees commented on the lecturers’ lack of expertise in teaching engineering ethics, particularly 
in relation to socio-ethical issues and recent technological developments in engineering.

Relevance to this chapter – Assessing attitude can be done quantitatively and qualitatively – it 
largely depends on the context of attitudes one would like to assess. Measuring attitudes based on 
knowledge is appropriate with a quantitative method, while attitudes based on skills and values are 
better determined via a qualitative approach (Thurstone, 1929).

In this case, both the questionnaire and interview questions were used to measure respond-
ents’ attitudes toward ethics. The method enabled the researchers to understand how (in terms of 
pedagogy and content) the ethics course shaped students’ attitudes. Balakrishnan’s (2015) study 
indicated that the knowledge and skills students acquire in the ethics classroom mold their attitude. 
The report by Balakrishnan (2015) provides further details about the methodology and statistical 
analysis procedures used, and reviewing these can be helpful to readers wanting to assess the cred-
ibility of the findings, conduct follow-up or replication studies, and conduct systematic reviews or 
meta-analyses once the body of knowledge on this topic has grown.

Case 7: Engineering student perceptions (self-assessment) 
of ethics-focused learning goal attainment

Author 2 led this research study, which was published in a journal (Balakrishnan et al., 2019).
Assessment measures – Perception can influence an individual’s character development by 

shaping their beliefs, behaviors, and values (Berry & McArthur, 1986). This case’s researchers, 
Balakrishnan et al. (2019), iteratively developed and implemented a self-report questionnaire to 
assess students’ perceptions of ethics instruction, based on King’s (1981) theory of goal attainment 
and Newberry’s (2004) nine core engineering ethical objectives. The instrument is available for 
those wishing to review or use it (see Balakrishnan et al., 2019).
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King (1981) proposed that “the theory of goal attainment explains how individuals grow and 
develop throughout their lifespan and experience changes in structure and function of their bodies 
over time, which influence their perception of self through gaining knowledge via learning” (p. 
19). King’s theory can be used to analyze students’ perceptions of attainment of major objectives 
– as this study aimed to do within engineering ethics education.

The nine core objectives of engineering ethics education, identified by Newberry (2004), 
address emotional engagement, intellectual engagement, and specific knowledge. Emotional 
involvement helps meet students’ affective needs while developing their abilities to handle ethi-
cal concerns. Intellectual engagement strengthens students’ critical thinking skills for confronting 
difficult ethical concerns. Specific knowledge deals with students’ understanding of ethical norms, 
principles, and cases of ethical standards. The nine core objectives nest within these broader cat-
egories. (Newberry’s objectives have also been used in Chapter 33 to map ethics education and 
accreditation contextually, nationally, and internationally.)

In developing the questionnaire to use for this study, Balakrishnan et al. (2019) drew from 
and adapted perception statements about pertinent ethical issues from Balakrishnan et al. (2013), 
which were based on Newberry’s (2004) specified aims. They used the updated instrument to 
assess students’ perceptions of achieving the goals; respondents were asked to rank each ques-
tionnaire statement using a five-point Likert scale ranging from 5 (strongly agree) to 1 (strongly 
disagree).

Context – The researchers aimed to assess the effectiveness of engineering ethics education by 
querying undergraduate students regarding their perceptions of their own attainment of educational 
objectives related to engineering ethics. The researchers focused on Japanese and Malaysian engi-
neering students’ evaluations of attaining the objectives and their attitudes toward socio-ethical 
topics. They used the questionnaire they had developed (published in Balakrishnan et al., 2019) to 
collect data at two institutions using two different educational approaches and draw comparisons. 
A random sampling procedure was used to choose two groups of respondents: 163 engineering 
students from a university in Japan and 108 engineering students from a university in Malaysia. 
All the respondents were in their fourth year and had completed all the relevant engineering ethics 
courses. Leading support to the accuracy and appropriateness of the measures, three engineering 
ethics education experts verified the questionnaire’s validity. Moreover, the Cronbach Alpha value 
was identified as 0.874, indicating the instrument can be considered reliable.

Findings – In the study, the mean scores and standard deviations (related to perceptions of 
attaining nine key ethics education objectives) of the Japanese institution’s undergraduate students 
were high. In contrast, the mean scores of data collected at the Malaysian institution reflected 
medium mean scores. Thus, the researchers reported that the impact of engineering ethics educa-
tion on undergraduates’ positive perceptions of attainment was significantly greater at the univer-
sity in Japan than at the university in Malaysia.

The authors attributed the disparity in students’ perceptions of attainment, in part, to the different 
teaching mechanisms or approaches to ethics education used in the respective institutions. The data 
suggested that experiences at the university in Japan – where the overall pedagogical mechanism 
combines both traditional and interactive case-based instructions – positively impacted students’ 
perception of the attainment of key objectives of ethics education and attitude toward engineering 
socio-ethical issues. In contrast, the university providing data in Malaysia utilizes only traditional 
(i.e., teacher-centered) approaches in engineering ethics education, and the measured impact of 
students was notably lower. Other plausible explanations for the Japanese undergraduates report-
ing higher attainment of objectives and positive attitude include that their university systematically 
employs ethics education that spans all years of engineering study (from the first year to the final 
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year). A longer learning span can provide many opportunities for undergraduate students to learn 
and practice ethics throughout their studies, the authors noted.

Balakrishnan et al. (2019) asserted that their findings were consistent with Barak and Green 
(2020) that identified interactive case-based learning as an opportunity for meaningful learn-
ing that can help students appreciate the importance of ethics in the engineering profession. It 
is important to recognize that the attainment of engineering ethics education must be built on a 
personal level, integrating the knowledge that students have received in the classroom with their 
personal convictions about engineering ethics (Balakrishnan et al., 2019).

Relevance to this chapter – Gauging how well engineering programs are meeting ethics educa-
tion objectives and developing students’ positive attitudes toward socio-ethical issues is impor-
tant. Such assessments can provide educators in program development, helping them understand 
the degree to which their ethics teaching efforts are informing students’ ethical values. This case 
illustrates a way to gauge such and, importantly, describes an approach to assessing student atti-
tudes beyond a single instructional experience. By sampling fourth-year students, the investigation 
explored the impact of systematic integration of ethics engineering across multiple courses in a 
program and compared effects with an institution not using an integrated approach.

Assessment of pedagogical methods supporting 
ethical attitudes and character cultivation

Case 8: Mixed-method assessment of pedagogies and 
character cultivation (program level)

Authors 1 and 3 worked on this study. The text below explains the program, which we feel will 
provide a helpful example to readers, and the empirical research done to support it. The descrip-
tion draws from a report published in conference proceedings (Koehler et al., 2023) and our own 
personal experience with the program.

Assessment measure – In this case, Koehler et al. (2023) developed a virtue-guided questionnaire 
(as reported in their 2023 paper) to assess the impact of program-wide pedagogical approaches 
to cultivating character, and administered it across an entire cohort of engineering students (from 
first year students to senior, i.e. fourth-year/final-year, students). The survey included a list of 15 
virtues with simple definitions and asked students to identify the character virtues they developed 
in the course and what aspects of the course led to that growth.

Context of the educational program – Wake Forest University launched a new engineering pro-
gram in 2017, which (1) provided an interdisciplinary Bachelor of Science engineering degree, (2) 
leveraged aspects of liberal arts education, and (3) reimagined engineering education (Pierrakos, 
2024). The vision and mission of Wake Forest Engineering was to “educate the whole engineer with 
a commitment to humanity” by integrating entrepreneurial mindset and ethical character within 
the fundamental engineering education competencies. Activities geared toward student develop-
ment were infused across the curriculum with buy-in from nearly all engineering faculty members 
(permanent, visiting, and adjuncts). The Wake Forest Program for Character and Leadership intro-
duced the engineering faculty to seven strategies for character development (Lamb et al., 2021). 
Under the leadership of the third author (who was serving as Founding Chair of Wake Forest 
Engineering and Principal Investigator of a Kern Family Foundation KEEN grant to infuse char-
acter and entrepreneurial mindset across the curriculum), ethical theories from the lens of philoso-
phy, psychology, and professional education were interwoven within the Wake Forest Engineering 
curriculum. The Wake Forest Engineering faculty were given autonomy to create modules around 
virtues that resonated with them for reasons such as connection to the overall subject or specific 
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topics relevant to their course, relevance to the modalities of their course (e.g., working in teams), 
and personal interests.

The curriculum design team was guided by a framework developed by the Jubilee Center for 
Character and Virtues (2022) in an effort to integrate a diverse set of virtues across the curriculum. 
The framework targets specific and desirable forms of development – intellectual (e.g., critical 
thinking, creativity, curiosity), performance (e.g., resilience, teamwork, zest), moral (e.g., honesty, 
courage, humility), and civic (e.g., empathy, service, purpose). Some of the engineering faculty 
members collaborated with experts from other disciplines (e.g., religious studies, history, psychol-
ogy, anthropology) to support the implementation of their character-based modules (Gross et al., 
2021; Henslee et al., 2021a, 2021b; Hitt et al., 2023; Kenny et al., 2021; Koehler et al., 2023; 
Pierrakos et al., 2023, 2024). More than 12 virtue modules were developed and integrated across 
14 engineering courses that students experience across 4 years.

Context of the research/assessment – To assess the impact of these modules on students’ devel-
opment and understand the aspects of the curriculum that contributed to those impacts, the research 
team (Koehler et al., 2023) conducted a mixed-methods study focused on measuring students’ per-
ceptions of their learning gains. They distributed a survey with fixed and open-ended questions to 
all students across all four years of the curriculum. To maximize participation, the survey items 
were added to the regular end-of-semester course evaluation surveys. In all, 161 students (nearly 
all students enrolled in the program) completed the survey.

Findings – As reported by Koehler et al. (2023), student responses provided insight into spe-
cific pedagogies that were effective in character cultivation. Students attributed perceived char-
acter growth in courses where virtue modules were embedded as well as courses where virtue 
modules were not embedded (based on, e.g., engineering instructors serving as role models of 
character). Pedagogies like project-, team-, and mastery-based learning were highly rated by stu-
dents as supportive of their perceived growth in ethical attitudes and character cultivation. The 
most prominent virtues cultivated were performance and intellectual virtues (e.g., teamwork, criti-
cal thinking, resilience, creativity, curiosity, humility), followed by moral and civic virtues (e.g., 
purpose, honesty, courage, empathy, service, and justice). The authors reported that context, fac-
ulty role models, and pedagogy matter in cultivating character.

Relevance to this chapter – Assessment of pedagogy is as important as assessment of student 
learning and student growth. The educational program and the assessment process used can serve 
as a model for others engaged in integrated ethics teaching.

Reflections: Strengths, gaps, and future directions

Assessment of (a) engineering ethics education models and pedagogical strategies and (b) indi-
vidual character and attitudes related to ethics is challenging because it is complex and multifac-
eted. Multiple factors need to be considered. Considering research/assessment models, no broadly 
applicable approach exists yet to assess character and ethical attitudes in engineering education. 
Usually, researchers attempt to address a specific dimension of character or assess attitudes related 
to an ethics outcome or pedagogical approach.

Although ad hoc measures to assess students’ development within specific courses/envi-
ronments (as featured in cases 3 and 4) offer the advantage of ensuring that assessments are 
tailored to specific pedagogical interventions, designing them to a high level of quality can be 
time-consuming, and their context-specific nature makes them hardly generalizable. In many 
examples discussed above, there was no clear evidence that the researchers’ ad hoc question-
naires had been validated. One solution could be that engineering educators try to use existing 
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instruments, where validity and reliability have been previously established. Another could 
be inter-institutional collaboration to develop validated measures to increase their quality and 
generalizability.

For efficiency and feasibility, standardized tests and questionnaire instruments are often used, 
as featured in many of the cases above. Yet the use of standardized testing has received much 
criticism in the past decade or two. Their accuracy in measuring student learning and abilities has 
come into question.

In terms of assessing character traits, one popular validated measure is the ‘Values in Action’ 
(VIA) assessment instrument (Peterson & Seligman, 2004), created to be diagnostic and cross-
sectional. The VIA was not designed to assess whether students are growing within an educational 
context, but it is nonetheless an available measurement tool worthy of consideration. There are 
shorter versions of the VIA available that are more user-friendly than the full version for academic 
settings, like the VIA ‘Global Assessment of Character Strengths’ (VIA GACS-72) (McGrath, 
2019), which have been used in higher education character development programs (e.g., Lamb et 
al., 2021).

Although self-report measures (e.g., used in cases 6, 7, and 8) are the most common approach 
to attitudinal assessments, they have inherent limitations for understanding student learning gains 
and growth. One limitation involves the subjective nature of the subject. One limitation involves 
the subjective nature of the subject. Self-report measures can only gauge certain aspects of devel-
opment and are not necessarily accurate. For instance, there is potential for a perceived social 
desirability to influence results (i.e., a ‘halo effect’) which could lead to a majority of participants 
reporting high scores (producing a ‘ceiling effect’) (Vogt & Johnson, 2011).

Alternatives to self-report measures exist, such as observations, focus groups, or student 
responses on written assignments. These can be coded for meaningful themes, but the process 
is very time-consuming. There is, therefore, a need to develop effective and efficient models for 
assessing development in the realm of ethics attitudes and character development.

We believe that situational judgment tests could present more authentic tools for assessing 
the character traits (e.g., resilience) needed to address real-life challenges (Teng et al., 2020) and 
might be worth exploring in the engineering ethics education space. A situational judgment test 
(SJT) is an assessment method used to evaluate an individual’s ability to make appropriate deci-
sions in work-related scenarios. SJTs present candidates with realistic workplace situations and 
ask them to choose the most effective course of action from a set of response options. These tests 
are designed to assess an individual’s judgment, problem-solving skills, and decision-making 
abilities within the context of specific job roles or situations. Some researchers in engineering 
education have developed and are applying SJTs to assess global competency (the ability to 
understand and interact effectively in diverse cultural contexts) and meta-cognitive behavior (the 
awareness and control of one’s own thought processes) (Carthy, 2021; Davis et al., 2023; Jesiek 
et al., 2020). This work could be extended to understand students’ responses in situations that 
challenge various character strengths or virtues as well as attitudes towards others or specific 
ethical situations.

Few efforts have been reported regarding program-level interventions and assessments related 
to character and attitudes in higher education ethics education (and so it is noteworthy that all 
eight cases above looked at program-level interventions). Since character and attitudes take time 
to develop (Gal et al., 1997; Lamb et al., 2021), module-level experiences encompassed within 
a semester (a few months) might not be enough to support character growth in students. We, the 
authors of this chapter, encourage future studies on the longitudinal impacts of multiple ethics 
education interventions within a 4-year engineering curriculum.
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Gauging program-level impacts will, we believe, require measuring and evaluating students’ 
development of positive ethical attitudes and character, and the levels of motivation within stu-
dents to be ethical engineers. We think the interventions and assessment models should focus on 
improving outcomes regarding character and positive attitudes. Research in this realm should use 
change-sensitive measuring tools, although these are not yet common in the literature.

Meindl and Dykhuis (2022) proposed that the following three domains of existing change-sen-
sitive metrics might translate to measuring character change: growth mindset and self-efficacy to 
change character (e.g., ‘I know my character can be developed’; see Dweck, 2009; Han et al., 2017); 
motivation to be a person of character (‘It is important for me to embody character’; e.g., Aquino & 
Reed, 2002); and knowledge of the mechanisms or skills that would promote character (e.g., knowl-
edge checks by the student regarding their goal-setting strategies). Each of these domains has been 
shown to be relatively malleable, and there exist relatively good, validated measures for each (e.g., 
the examples provided above are examples of those metrics). Programs such as the United States 
Military Academy are attempting to shape their institutional character assessments around these 
domains and to determine the assessment instruments’ validity in the context of character formation 
(Erbe et al., 2023). The type of tools discussed by Meindl and Dykhuis provide relatively new ways 
of conceptualizing character assessment but seem to help address short- and long-term change-
sensitivity to ethics programming, tedium of assessment, and validity and reliability of measures. 
Such models and measures that do not necessarily exist in the realm of assessment of character but 
do exist in the realm of attitude evaluation and other psychological constructs.

Conclusions

As a community of educators, we need effective approaches to assess character development and 
ethical attitudes in the engineering classroom setting. Situational judgment tests, assessments 
involving change-sensitive measures, and 360-degree performance evaluations are promising 
directions, but they require further research. We would like to see more mixed-method and multi-
method approaches that promote more corroborated evidence of student development in ethics and 
character-based outcomes.

Crucially, we argue it is vital that assessments keep students at the center. Many of the cases we 
discussed were focused on determining whether the reported interventions ‘worked’, but only a 
few – notably case 3 (Hawks & Terry, 2009) and case 4 (Gross et al., 2021) – provided formative 
feedback to students that they could implement and improve upon. If the goal of ethics education 
is to support students’ holistic development and ethical decision-making processes, we need to 
prioritize how we might use assessments for ongoing learning and growth, especially in engineer-
ing course contexts.

At present, there are many ways in which attitudes and character are being measured in engi-
neering ethics education, although some methods are much more popular and simpler to imple-
ment than others. It is much more common to see methods, especially self-reports utilized to 
determine successful engineering ethics education implementation, but there is much to be desired 
when looking at the internalization of ethical attitudes and character by students. As noted above, 
only a few institutions take a program-level approach to assessing character and attitudes – but 
character and attitudes take time to develop, which the confines of single-course or even classroom 
(i.e., formal in-class) interventions may not be sufficient to address and assess. Nevertheless, we 
assert that growth within students as a result of formal class interventions really must be assessed, 
and well-designed character-based pedagogies and findings of prior research can help inform new 
interventions and situated assessments.
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Introduction

Engineering is often characterized as problem-solving. When undergraduate engineering students 
conceptualize their role as ‘problem solvers,’ it creates an expectation that they should solve 
ethical problems encountered during their disciplinary problem-solving. Naïve epistemic beliefs, 
which are more present (Wise et al., 2004) and more persistent (Felder & Brent, 2004; King & 
Magun-Jackson, 2009; Marra et al., 2000) among engineering students than among students of 
many other disciplines, lead students to expect their problem-solving practices to identify single 
correct answers that hold ‘true’ across all contexts. Additionally, engineering students may react 
by separating ethics from engineering when ethical dilemmas challenge the assumed universal-
ity of a ‘good’ response (Lönngren, 2021). This chapter explores the interaction between ethical 
reasoning and epistemic cognition to encourage engineering educators and researchers to consider 
how epistemic cognition can hinder or accelerate students’ ethical development in their courses 
and curricula. Specifically, we argue for an approach that attends to specific actions of problem-
solving and reasoning, called epistemic micro-practices, that engineering students employ when 
considering ethical dilemmas.

The cognitive intuitions that people hold about knowledge are known as ‘epistemic beliefs’ 
and encompass our conceptions about how to identify correct answers, what sources of knowl-
edge we determine to be reliable, and the role we perceive for ourselves in generating or validat-
ing knowledge. ‘Epistemic cognition’ describes the thinking that enacts these beliefs by focusing 
on people’s decision-making activities, such as evaluating an answer’s correctness. Epistemic 
beliefs are discipline- and context-dependent and usually more sophisticated in one’s own specific 
fields of expertise (Hofer, 2000; Muis et al., 2006). Therefore, engineering students are highly 
likely to bring naïve epistemic approaches to their ethical decision-making, where they often 
have less expertise. Making ethically sound decisions may call for more sophisticated epistemic 
skills than some engineering students have available (Gainsburg, 2015; Isaac, 2021). This situ-
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ation would negatively affect engineering graduates’ ability to engage with ethical dilemmas in 
their work and is insufficient for the ethical leadership expected of them. This chapter explores 
the intriguing connection between ethical reasoning and epistemic cognition, with a particular 
focus on assessment.

Early models of ethical reasoning developed by Kohlberg (Colby et al., 1983) assumed that peo-
ple made these crucial decisions intentionally and rationally. Models based on these approaches are 
well represented in engineering ethics education, such as moral argumentation skills, as described 
by van de Poel and Royakkers (2007). Later research has considered the role of emotion in ethics, 
including Jonathan Haidt’s (2001) moral foundations work, which argued that we should consider 
how rapid emotional judgments influence logical problem-solving and decision-making. Although 
we, the authors of this chapter, do not seek to dismiss the importance of emotion in ethical deci-
sion-making, we argue that we should also consider how people’s cognitive intuitions influence 
their ethical reasoning.

Engineers are currently designing technologies that will disrupt known ethical problems and 
create novel issues: new technologies introduce more nuance to existing ethical problems and 
generate new ethical problems. It is, therefore, imperative that engineering graduates are equipped 
with robust ethical reasoning skills and the epistemic sophistication to guide their own ethical 
judgments. Despite considerable efforts to improve the integration of ethics into engineering cur-
ricula (Watts et al., 2017), meta-analyses of the teaching of ethics have found low to moderate 
effect sizes for the development of the targeted skills (Antes et al., 2009; Watts et al., 2017). 
Although some studies have found engineering undergraduates’ ethical perspectives develop dur-
ing their university years (Clancy, 2020), others have found students’ scores on measures of ethical 
reasoning and social responsibility either remain static or decline over the course of their education 
(Bielefeldt & Canney, 2016; Lönngren, 2021; Monzon et al., 2010; Tormey et al., 2015). This is a 
disappointing outcome because of the recognized importance of ethics for engineers and the effort 
invested in ethics education. Students in other fields have been observed to develop their ethical 
thinking more during their studies than engineering students (O’Flaherty & Gleeson, 2014). This 
chapter proposes that one overlooked obstacle to the development of engineering students’ ethical 
reasoning may be the epistemic practices they employ.

This chapter reviews the assessment of students’ ethical thinking from the perspective of 
epistemic practices by using the steps of moral argumentation described by van der Poel and 
Royakkers (2007). We also draw significantly from the work of the primary author, Siara Isaac, 
and her ongoing research around epistemic cognition (Isaac, 2021). Ashley Shew completes 
the author team and provides her expertise as a multiply-disabled scholar engaged in research 
about engineering approaches to disability technology, describing in her work how ‘technoa-
bleism’ features in many problem-solving approaches to disability (Shew, 2023). In this paper, 
the two of us explore how to assess students’ ability to engage where solutionism fails. We 
begin by discussing epistemic beliefs and epistemic cognition in more detail, before return-
ing to argue for the relevance of assessing ethical thinking from an epistemic micro-practices 
perspective.

From epistemic beliefs to epistemic cognition

Epistemology is a branch of philosophy concerned with the theory of knowledge, exploring ques-
tions such as: Where does knowledge come from? How do we know something is true? The field 
of personal epistemology launched by William Perry (1970) is now more commonly known by 
the term ‘epistemic beliefs.’ It examines people’s personal conceptions of how we identify correct 
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answers, how we determine if a source of knowledge is reliable, and our own roles in generating, 
parsing, and validating knowledge.

Perry (1970) conducted longitudinal interviews with male Harvard students about how they 
navigated decision-making in their lives, and he created a six-stage model. His model served as 
an entry point for teachers to a domain previously dominated by philosophical approaches; it con-
tinues to be the reference point for many despite significant limitations. Two major issues are (1) 
how to manage the apparent rigidity of the stages and (2) the fact that the empirical tools devel-
oped to identify and assess an individual’s stage have not proven reliable. Perry’s ideas, however, 
intrigued thousands of researchers and there has been significant research activity endeavoring to 
clarify concepts related to epistemic development. The many models produced by these efforts 
rarely offer simplicity or rival the overall coherence of Perry’s model, while often introducing 
additional empirical inconsistencies. This section avoids documenting the labyrinthine develop-
ment of this field. It provides only an overview sufficient to support our argument that models 
of epistemic cognition via cognitive processes are a more coherent approach than the cognitive 
structures approaches that focus on beliefs rather than actions.

Research efforts regarding epistemic beliefs have been dominated by cognitive structures 
approaches (Briell et al., 2011), which seek to characterize peoples’ beliefs about knowledge and 
knowing. Stage-based models (i.e., Baxter Magolda, 1992; Perry, 1970) were superseded by more 
nuanced ones, such as Hofer and Pintrich’s (1997) highly influential model. These nuanced models 
posit that individuals develop some aspects of their epistemic beliefs before others. Other disci-
plinary models have been developed, positing that people’s approach to knowledge is discipline-
specific (i.e., Muis, 2004; Palmer & Marra, 2004). Cognitive processes approaches focus on how 
people seek, apply, and evaluate knowledge and remain rare, despite excellent work by King and 
Kitchener (2004) and Kuhn and colleagues (2000). A fundamental distinction between cognitive 
processes and cognitive structures models is apparent in how they are assessed. Evaluation tools 
for cognitive structures models generally seek to directly access students’ ideas about knowledge 
(i.e., their agreement with items like ‘When I read it in an engineering book, then I know that it is 
true’) based on the assumption students’ responses will draw on a static, organized structure under-
pinning their beliefs. Alternately, cognitive processes models anticipate that students’ responses 
will not be consistent across contexts because students respond to each specific knowledge claim 
or situation. Therefore, cognitive processes models employ more direct observations of students’ 
thinking or reasoning activities using, for example, think-aloud protocols (Isaac, 2021). Although 
cognitive processes approaches do employ models to characterize students’ epistemic perspectives 
(as explored in detail below), they are based on observations of students’ thinking processes rather 
than asking students to report how they think. Both cognitive structures and cognitive processes 
models typically describe a developmental trajectory away from naïve approaches associated with 
absolutism (i.e., where knowledge is assumed to be either ‘true’ or ‘false’ and people rely on 
‘experts’ to evaluate knowledge claims), and toward increased personal agency to make nuanced 
and contextual decisions. The relevance of more sophisticated epistemic approaches for ethical 
decision making is evident, where context and ambiguity reign, and absolute experts and absolute 
correct answers are scarce.

However, despite considerable and diverse efforts, developing a robust, empirically grounded 
model of epistemic beliefs long evaded researchers and resulted in a plethora of overlapping ter-
minologies and models. Siara Isaac developed a new approach, arguing that we should avoid the 
hegemony of cognitive structures models in favor of cognitive processes. Although acknowledging 
the attractiveness of categorizing students in neat levels of epistemic development, Isaac argues 
that the significant effort expended in attempts to establish cognitive structures models of students’ 
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overarching beliefs about knowledge by inferring from a small number of their statements has not 
worked because these methods take an abstract, decontextualized, macro-level approach. Much 
like ethics, abstract ideas and ‘should’ statements about knowledge and problem-solving can dif-
fer significantly from actions and applications in context. Wanting to reconcile apparent contra-
dictions in students’ conceptions resulted in researchers attempting to assess discipline-specific 
epistemic beliefs, for example, in geology or history (e.g., Muis et al., 2006). Elby and Hammer 
(2001, 2010) critiqued these approaches as being insufficient and imprecise; they observed that 
while an epistemically sophisticated stance understands knowledge to be tentative and evolving, 
assuming this stance to each knowledge claim is not an appropriate measure of epistemic cogni-
tion. They argued instead that epistemic sophistication is demonstrated by selecting an appropriate 
or effective approach for the specific knowledge claim at issue. Their characterization of epistemic 
sophistication resolved persistent inconsistencies identified in multiple empirical studies that were 
often dismissed as inconsequential. For example, Zhu et al. (2019) dismiss their own observa-
tions of students who simultaneously expressed both epistemically naïve and advanced thinking as 
resulting from “transitional stages in their epistemological development” (p. 4) rather than taking 
the inconsistency as a prompt to reconsider their use of the Perry model. Given that the major-
ity (about 75%) of their study participants exhibited this co-existence, this is a prime example of 
how persistent issues with prevailing cognitive structures models of epistemic beliefs have been 
ignored.

Isaac’s empirically based epistemic micro-practices model indicates how cognitive processes 
approaches can capture the range of ways that people interact with knowledge; it avoids the appar-
ent inconsistencies of cognitive structures models. Further, Isaac argues that the range of practices 
is a relevant observation about the quality of thinking and problem-solving. This diversity is lost in 
both cognitive structures and prior cognitive processes approaches when characterizations exclu-
sively assess progress towards an advanced level of epistemic development.

Let’s take a civil engineering example to show how inconsistencies a researcher might per-
ceive in a student’s epistemic approach can represent coherent disciplinary practice instead. In 
a hydroelectric project, it is likely appropriate (for a student or a practicing engineer) to simply 
apply a model to estimate or predict the corrosion of iron. Yet, they should also question and test 
that the models for continuous flow do apply. In this scenario, there is likely little to challenge the 
application of the molecular level corrosion model, but it is appropriate to verify that the assump-
tions of the continuous flow model are not violated. So, in the same situation, effective problem-
solving could involve a student naïvely accepting one model as received (e.g., from the textbook 
or the teacher) while subjecting another model to epistemic micro-practices from more facets. This 
example of context-specificity explains measurement difficulties in cognitive structure approaches 
– using items such as “Engineering knowledge should be accepted as an unquestionable truth” 
(from Yu & Strobel, 2011, p. 100) – as we do not know the context the students had in mind when 
answering. A researcher would need to provide more context to derive accurate interpretations 
from a student’s responses.

Elby and Hammer (2010) claimed that considering epistemic beliefs at the level of the disci-
pline is insufficient and that researchers should take a fine-grained, contextual approach. They used 
a cognitive processes approach to demonstrate that the long-held characterization (i.e., epistemic 
sophistication as the consistent use of epistemically sophisticated actions) was false (Hammer & 
Elby, 2003). They proposed that the effectiveness of a given approach in context is a better way to 
assess students’ epistemic skills.

Building on this, Isaac proposes taking a firmly cognitive processes approach in her model 
for classifying students’ interactions with knowledge during problem-solving. Her approach con-
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siders four facets (as illustrated in Figure 28.1), and her term for specific actions that enact an 
epistemic perspective is epistemic micro-practices. Three complementary examples of epistemic 
micro-practices, each employing a different facet, related to checking answers are (1) asking a 
teacher, (2) using dimensional analysis, and (3) considering a real-life application. Isaac does not 
accord hierarchical importance to these different epistemic micro-practices, noting that although 
some epistemic micro-practices are more accessible or appropriate in a given context, the use of 
micro-practices from several different facets will generally provide a more robust result.

The first facet of Isaac’s four-part model resembles naïve levels in previous models (i.e., Hofer 
& Pintrich, 1997; Perry, 1970), with the important distinction of being characterized by specific 
(micro)practices and not describing overarching beliefs about knowledge. Epistemic micro-prac-
tices belonging to Facet 1, Absolute, seek single, exact answers considering only the core objective 
or task. Facet 1 epistemic micro-practices function as though a ‘right’ answer will be ‘true’ across 
all contexts. Facet 2, Local Coherence, micro-practices seek to establish logical connections and 
explanations relying only on information internal to the specific context. The existence of differ-
ent solutions is dismissed by Facet 2 micro-practices as the result of different but equally valid 
approaches, thereby avoiding the need to pass judgment. Epistemic micro-practices in Facet 3, 
Coherence, recognize that the situation, constraints, and criteria for this problem must also be 
considered in the broader context. This is the type of thinking that one would hope to stimulate 
with case studies, the most widely used way of teaching ethics (Bairaktarova & Woodcock, 2017; 
see Chapter 20). Epistemic micro-practices in Facet 4, Skeptical Reverence, involve exercising 
engineering judgment where the student assumes the authority to determine the best answer in the 
current context.

Although the specific examples of micro-practices regarding correct answers presented in 
Figure 28.1 were developed from observations of students’ disciplinary problem-solving, they can 
be readily applied to ethical reasoning. For Facet 1, we can see that the expectation of the existence 
of a single correct answer known to experts is coherent with a reliance on ethical codes and rules 
or norms-based reasoning, as shown in Rest’s (1994) model. The two approaches intersect again 
for Facet 4, where attention to the specific context and necessity of making judgments when apply-
ing principles to determine ethically appropriate actions are coherent with Rest’s principle-based 
reasoning. In the following section, we apply an epistemic micro-practices model to consider how 
students may approach the cognitive activities of moral argumentation.

Figure 28.1  Definitions of the 4 facets of epistemic micro-practices with example micro-practices regarding 
correct answers.
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Epistemic micro-practices analysis of moral argumentation skills

Van de Poel and Royakkers’ (2007) model of moral argumentation skills is well suited to our 
purpose of illustrating how epistemic micro-practices inform ethical reasoning. Their model was 
developed to teach how to make good ethical decisions and not to describe how people actually 
make decisions. That is, the authors sought to elucidate the cognitive steps in a robust process for 
making ethical decisions. As such, their model allows us to show how students’ cognitive intui-
tions (enacted via their epistemic micro-practices) influence how they approach and resolve the 
challenges of making ethical decisions. We have represented the five core steps of their model of 
moral reasoning in Figure 28.2 as a linear path for simplicity rather than to the iterative, recursive 
process proposed by van de Poel and Royakkers. For each step in their model, we applied Isaac’s 
(2021) model to identify both Facet 1 (left side of the figure) and Facet 4 epistemic micro-practices 
(right side of the figure).

The formulation of a moral problem statement is the first step in van de Poel and Royakkers’ 
(2007) model. The necessity of this initial step of formulating the ethical issue was highlighted by 
the update to the UK-based Engineering Council’s Statement of Ethical Principles (Institution of 
Civil Engineers, 2021). The previous version simply stated “exercise responsibilities in an ethical 
manner” (Institution of Civil Engineers, 2021, p. 11), while the new text makes it the responsibility 
of the engineer to be attentive and aware to the potential ethical issues might arise by prefacing 
the previous text with “Understand the ethical issues that may arise in their role and ….” Taking 
an epistemic micro-practices perspective on this first step of problem formulation, we can see 
that multiple facets would be involved in a thorough exploration of moral sensitivity. Facet 1 
epistemic micro-practices could involve formulating moral problem statements, when prompted, 
that reflect the issues identified by experts. This is an appropriate action. However, students could 
also use Facet 4 epistemic micro-practices in complementary and parallel ways to determine for 
themselves what ethical issues are present. These two epistemic micro-practices are distinguished 
by the agency of the engineer themselves: Do they consider it their role to identify ethical issues, 
or do they rely on experts to make this decision? Below, we illustrate these two approaches with 
the case of software design.

Ivan Selenkzy (Székely et al., 2011) found that while IT professionals typically complied with 
privacy or ethical standards, they did so because this requirement was explicitly stated in the 
project criteria provided by their employers and not due to the engineers’ own agency. Cécile 
Hardebolle et al. (2023) seek to support a more sophisticated approach in terms of the use of edu-

Figure 28.2  Examples of epistemic micro-practices from 2 facets for each step of the 2007 moral 
argumentation skills model by van der Poel and Royakkers (labeled ‘vdP+R’).
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cational software by teachers through the application of their template (or ‘canvas’ as mentioned 
in Chapters 7 and 18) to analyze potential risks. Assuming that the essential underpinning for an 
engineer to enact ethical sensitivity is the awareness of the potential for ethical issues overlooks 
the need for the engineer to have the epistemic sophistication to accord themselves the authority 
to judge that such issues are indeed potentially present. That an engineer needs to be able to act in 
epistemically sophisticated ways in interaction with their ethical sensitivity illustrates the central 
thesis of this chapter. If engineers do not conceive of identifying ethical issues to be within their 
(respons)abilities but rather expect that an expert will make such a judgment, then they will not 
be able to enact ethical sensitivity in practice. This epistemic cognition perspective should be 
investigated to assess potential obstacles to engineering students applying their ethical reasoning.

The second step in the model (Figure 28.2) is problem analysis, a step in which the relevant 
elements of the moral problem are described, including “the stakeholders and their interests, the 
moral values that are relevant in the situation and the relevant facts” (van de Poel & Royakkers, 
2007, p. 4). Once again taking the extreme epistemic micro-practices to illustrate their influence, 
Facet 1 micro-practices could involve directly applying project criteria or a specific model in the 
analysis and considering such elements as constant and exact. In contrast, epistemic micro-prac-
tices from a broader range of facets would also leverage the students’ own judgment to determine 
which criteria, models, and conditions are salient while accounting for available information nec-
essarily being incomplete, subject to change, and potentially biased.

Fundamental physical sciences and engineering courses tend to present students with single-
answer problems for which highly precise answers can be determined. The result is that engineer-
ing students encounter ill-structured problems insufficiently often during their studies (McNeill et 
al., 2016) and can form the idea that good engineering thinking should produce single exact solu-
tions. Ill-structured problems make engineering students uncomfortable as they require sophisti-
cated epistemic practices (Isaac, 2021). Research about how engineering students perceive and 
engage with ill-structured problems, in general, is salient here, as naïve epistemic practices collide 
with the uncertainty, open-mindedness, and judgment required for solving ill-structured problems, 
including ethical ones (Bendixen et al., 1998). Especially in contexts where political issues or the 
values of the community (and even implicit judgments determining who is acknowledged as a 
member of the community or stakeholder) are involved, students can be ill-prepared for the more 
complex discussion and nuance in considering what counts as a problem and what might count as 
a solution. Performance indicators for the technical aspects of an engineering product can typically 
be specified in the project assignment, directly measured in the solution, and, therefore, unambigu-
ously assessed.

In contrast, ethical concerns often involve extended networks of stakeholders and longer-term 
impacts which take specifying and assessing relevant performance indicators beyond the skill set 
of many engineers. This means engineers may relegate ethical concerns to lower importance than 
technical concerns, employing epistemic micro-practices that prioritize immediately quantifiable 
outcomes of technical performance over the more nuanced outcomes of ethical considerations. 
Thus, epistemic micro-practices that seek absolute, specific correct answers reduce engineers’ 
engagement with ethical concerns.

The third step in van de Poel and Royakkers’ (2007) model involves exploring options for 
action. Facet 1 epistemic micro-practices are directed towards identifying a single correct solution, 
while other facets would also evaluate the advantages, disadvantages, and differences of multiple 
potential solutions. The anticipated number and ‘absoluteness’ of correct answers is a central pillar 
in models of epistemic cognition. Steps 4 and 5 of the moral reasoning model focus on evaluating 
options and assessing outcomes; these high-level cognitive activities sharpen the contrast between 
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Facet 1 micro-practices (that rely on external expertise) and Facet 4 micro-practices. Evaluation 
and judgment are actions associated with Facet 4 epistemic micro-practices, where engineers must 
take responsibility for exercising their own judgment based on the specific context. Although such 
practices are essential to professional engineering work (Gainsburg, 2007), they are infrequently 
observed among engineering students working on disciplinary problems (Gainsburg, 2015; Isaac, 
2021). Further, in the context of education, teachers consistently hold the role of exercising judg-
ment (as enacted by the assigning of grades) and, therefore, students often do not enact these 
sophisticated epistemic micro-practices. Thus, it is likely that many ethics courses do not chal-
lenge engineering students to employ the full range of epistemic micro-practices for moral judg-
ment (Step 4) and moral decision-making (Step 5).

In the preceding analysis, we omitted intermediate epistemic micro-practices and provided 
only examples of Facet 1 and Facet 4 epistemic micro-practices. Well-documented intermediate 
micro-practices – between the dichotomous certainty of absolutism and the contextual applica-
tion of principle-based reasoning – recognize multiple ways of reasoning and, therefore, multiple 
outcomes without applying a critical perspective to these approaches or outcomes. The result is 
that differences in, for example, ethical reasoning are ascribed to differences in opinion and taken 
to be equally valid. This phenomenon is coherent with Haws’ (2001) review of the proceedings 
of American Society for Engineering Education, wherein she identified students’ acceptance of 
‘ethical relativity’ (i.e., belief that everyone’s ethical ‘opinion’ is of equal value) as a major and 
persistent issue. An exclusively naïve approach is clearly ill-suited to real life engineering prob-
lems, and it likely also impedes students from developing their capacities as ethical practitioners.

This is an instance where approaches to teaching different learning outcomes stated by the 
Accreditation Board for Engineering and Technology (ABET) such as ‘Criteria 3: Student 
Outcomes’ exist in tension with one another. Teaching toward Outcome 1, “an ability to identify, 
formulate, and solve complex engineering problems by applying principles of engineering, sci-
ence, and mathematics” (ABET, 2023, p. 6) looks very different from Outcome 4, “an ability to 
recognize ethical and professional responsibilities in engineering situations and make informed 
judgments, which must consider the impact of engineering solutions in global, economic, envi-
ronmental, and societal contexts” (p. 6). Both outcomes are important to engineering practice, 
but the act of identifying and formulating a problem through engineering, science, and math will 
conflict with approaches to problem identification that start with community-based needs. Often, 
in the world of disability technology, for instance, every disabled person’s body or mind is seen 
as calling out to the ‘humanitarian’ engineer for intervention (Shew, 2023). Engineering courses 
that aim to convey a societal edge or ‘technology for good’ approach often center their projects 
on a disability case study, asking students to prototype, for example, a prosthetic hand. This is 
often done in the absence of any engagement with hand or arm amputees, who may have more 
complicated reasons for their choices and desires. Their concerns include available technologies, 
financial access, access to repair, addressing stigma and people who stare, pain and functionality, 
and more (Shew, 2023). Simply devising a hand device that meets a professor’s specs does not 
engage with people’s lived experiences of disability – which may differ greatly between people 
and in different cultural environments. Here, the format of education matters. Even with case-
based ethics teaching (a prevalent approach), students can remain in a naïve position where the 
expert/teacher assigns a case-based problem (like they might for a typical problem assignment 
to solve for x). ‘The answer’ in these cases is known to the expert/teacher who grades students’ 
attempts to analyze and decide or offer ethical judgment on a case. Having solid answers that 
can be judged in the binary of right or wrong certainly lends itself to expedience in grading and 
assessment but does not necessarily change or expand students’ universe of moral considerations 
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or make them face deeply held cultural assumptions that may be inaccurate. When engineering 
students perceive engineering as problem-solving, it informs who they see as offering relevant 
and useful information, what they take as problems, and what they consider constitutes a good 
solution.

Epistemic micro-practices perspective on the assessment 
of ethics in engineering education

The epistemological approach of engineering as a discipline is a relevant consideration, as ethical 
reasoning must integrate and dialogue with the other types of reasoning occurring in engineering 
problem-solving. Further, many people teaching in engineering programs have been trained as 
engineers. As such, they may be unfamiliar with the social sciences’ disciplinary traditions and 
epistemic practices regarding how knowledge is produced and evaluated and how students’ work 
is assessed in social sciences. Another contextual issue, which has been raised in other chapters of 
this book, regards the influence of cultural factors on ethical reasoning both directly and, we argue, 
indirectly through epistemic practices.

Ethics is generally understood as a noun – something that can be described or absent. Ethical 
reasoning is the process of ‘doing ethics,’ of examining, formulating, and determining how to 
respond to a moral problem. Engineering programs aim to develop ethical reasoning skills in 
graduates to navigate future ethical issues as engineers and citizens. This poses an inherent chal-
lenge to the assessment approaches typically used in engineering programs, as these usually evalu-
ate the product (i.e., the circuit designed) or the result (i.e., the value calculated) rather than the 
process employed to obtain the product or the result. While we would argue that technical courses 
should also attend more to process to foster higher order thinking skills and transfer, we will 
restrain ourselves to ethics education in this chapter. The attention afforded to process by epistemic 
micro-practices, in contrast to the prioritization of epistemic structures in belief models, further 
supports our argument in favor of epistemic micro-practices. In addition to the conceptual shift 
towards evaluating the thinking process, the logistical challenges of assessing a process are not 
insignificant, particularly at the large scale of engineering cohorts. This section examines differ-
ent approaches to evaluating engineering students’ ethical reasoning from an epistemic micro-
practices perspective.

Statements from engineering schools and accreditation bodies indicate that engineering ethics 
education should ensure that graduates act as ethical professionals in their discipline. Making and 
assessing direct observations of recent graduates’ epistemic micro-practices are beyond the scope 
of what engineering programs can do regularly. Indeed, given the high number of students study-
ing in engineering programs, the constraints of large-scale administration, even within the uni-
versity’s walls, are considerable. These constraints apply particularly to assessments that require 
assigning grades/marks, as teachers must assume the workload yearly. In this section, we look first 
at assessments for grading ethical thinking and then at research tools from an epistemic micro-
practices perspective.

Case studies are the most frequently used method for teaching ethics in engineering (Bairaktarova 
& Woodcock, 2017). Exploring situations where there is no obvious answer is a key element that 
motivates teachers to use case studies, but the same teachers report that their teaching with case 
studies does not align well with their ideas of how to best offer students a chance to explore ethical 
reasoning (Martin et al., 2021). Teachers often use ‘thin’ or simplified case studies due to logisti-
cal and organizational constraints, such as having large cohorts, which prevent them from creat-
ing more authentic or immersive learning experiences for their students. Tim Healy (1997) says 
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that ‘thin’ ethics cases have pedagogical value for reducing the complexity that can overwhelm 
students new to the field. However, he cautions that such cases are over-used due to their ease in 
writing, discussing, and (although he doesn’t explicitly say it) evaluating. It is a straightforward 
extrapolation to see how using case studies to assess students’ ethical reasoning is subject to the 
same constraints identified for teaching with cases.

Monteiro et al. (2019) reviewed the teaching and assessment of ethics presented in the docu-
ments of Portugal’s 33 degree programs; written exams were the most common assessment method 
described in all contexts. Yet, the documents studied did not provide information about when these 
written exams assessed ethical principles and codes and when the exams challenged students with 
ill-structured problems presented as complex cases. In apparent coherence with findings regard-
ing ‘thin’ cases in engineering teaching, Monerio et al. estimated that engineering programs were 
roughly half as likely to assess the development of ethical arguments compared to other university 
programs and that engineering programs were highly unlikely to include debate and discussion in 
the assessment criteria.

In research contexts, the relevance and richness of the observations of qualitative approaches 
are well-suited to assessing the process of ethical reasoning. However, quantitative assessments 
are better suited to collecting hundreds of observations from large cohorts, and they have higher 
face value for faculty members who are more accustomed to quantitative methods. The ESIT 
(Engineering and Science version of the Defining Issues Test) is a popular tool used to evaluate 
students’ ethical reasoning abilities. This test is similar to the Defining Issues Test (DIT), which is 
discussed in other chapters of the book and extensively in Chapter 10. However, the ESIT focuses 
on technical dilemmas in science and engineering, and is intended to measure moral judgment in 
this specific context (Borenstein et al., 2010). The instrument was developed via extensive quali-
tative studies (Borenstein et al., 2010), and it seeks to evaluate how students make their ethical 
decisions by the considerations or elements deemed germane to their decision-making. Indeed, 
while the cases of the ESIT ask students to make a dichotomous choice to take ‘action A’ or ‘action 
B,’ that decision is not considered in terms of evaluating students’ ethical reasoning. That is, the 
result of the students’ ethical reasoning (i.e., the choice of action A or B) is not the basis of the 
assessment. Rather, students’ ethical reasoning is determined by which elements students identify 
as important to make their decision. This approach enables the quantitative ESIT instrument to 
access students’ internal ethical reasoning processes. An effective quantitative instrument to assess 
epistemic cognition requires a similar capacity to access the reasoning process. Further, the short 
descriptions of the situations that make up the ESIT are classic ‘thin’ cases as they have little of 
the complexity found in real life. The current lack of a robust quantitative instrument for both 
epistemic beliefs and epistemic cognition models – including those assessing the ethics dimension 
– leads us to recommend using qualitative approaches.

Qualitative methodological approaches are well suited to explore the range of different per-
spectives and approaches students use to make their ethical decisions. The observations produced 
by these methodologies also provide a rich basis for theory generation toward resolving persis-
tent issues identified in the second section of this chapter. Although interviews are a perennially 
popular qualitative method, the applied nature of engineering makes direct observations more 
salient. Interviews can provide information regarding students’ thoughts about how they should or 
could make ethical decisions. However, humans’ actions often deviate from the opinions or beliefs 
they claim to hold. Thus, methodologies that allow more direct observation of students’ epistemic 
micro-practices are a better fit to advance the field. Games and think-aloud protocols are two types 
of experimental design that create relevant opportunities to observe contextualized reasoning and 
decision-making.
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While games are a popular strategy to induce moral decision-making, their nature as synthetic 
environments can undermine their validity. That the consequences of the strategies employed by 
players in a game do not have real-world impact (i.e., actual environmental pollution) is visibly 
apparent to people participating in these studies (Reall et al., 1998). Both from the anecdotal expe-
riences of the authors of this chapter and in studies that compared students’ DIT scores to their 
game strategy (e.g., Reall et al., 1998), we suggest that students’ actions in the patently artificial 
context of games are not coherent with their values.

A more effective way to evaluate students’ ethical reasoning in practical situations is to observe 
them while they work on authentic tasks. A methodology well-suited to this type of observation 
is think-aloud protocols. Originating in the field of cognitive processing in psychology (Ericsson 
& Simon, 1998), this approach involves setting a task for participants to complete while narrat-
ing their actions and thoughts. Think-aloud protocols are highly effective for studying complex 
thinking processes (Olson et al., 2018), providing rich information about students’ approaches to 
problem-solving and decision-making (Kuusela & Paul, 2000), and generating authentic, con-
textual observations about how students think. In their think-aloud study of a software design 
task, Isaac et al. (2023) found that computer science students’ in-the-moment thinking tended to 
overlook privacy issues, minimize design criteria related to inclusion, and omit issues of sustain-
ability. Isaac et al. interpret this not as students’ lack of concern or knowledge about the ethical 
implications of these issues, but rather as students not thinking about incorporating these aspects 
into their disciplinary thinking. This illustrates the importance for engineering students to develop 
ethical reasoning and epistemic micro-practices to constructively with ill-structured and design 
problems.

Assessing how engineering students engage with ill-
structured problems, ethical and otherwise

Robert C. Solomon wrote, “The aim of ethics … is not to teach the difference between right 
and wrong, but to make people comfortable facing moral complexity” (cited in McWilliams & 
Nahavandi, 2006, p. 421). Epistemic sophistication is exactly about engaging with complexity and 
conflicting claims, and therefore, well suited as a lens for evaluating engineering students’ ethical 
reasoning. Indeed, Bendixen et al. (1998) found that epistemic factors play an essential role in 
solving ill-structured problems. Although this section should be a major component of this chapter 
(given its position in the handbook’s assessment theme), robust methods are missing for evaluating 
epistemic cognition alone, let alone in conjunction with ethical reasoning. Yet, given our argument 
that teachers and researchers should be more attentive to epistemic micro-practices in engineering 
ethics education, this section will offer some suggestions.

The frustration of engineering students with uncertainty has been identified with both ill-
structured disciplinary problems (McNeill et al., 2016) and ethical issues (Lönngren, 2021). It is 
important that students develop skills to engage with conflicting goals, interdisciplinarity, multiple 
solution methods, and unanticipated issues of ill-structured problems to prepare them for their 
professional lives (Jonassen et al., 2006). Discomfort with not having absolutely correct answers, 
as is typical of ill-structured problems, is a fundamental characteristic of low epistemic sophis-
tication. Intermediate epistemic micro-practices that tolerate different answers or perspectives as 
simply ‘matters of opinion’ not subject to evaluation have been found to persist among engineering 
students (Felder & Brent, 2004; King & Magun-Jackson, 2009; Marra et al., 2000). Although the 
intermediate realm represents progress beyond the most epistemically naïve practices, the aware-
ness of differences without the agency to evaluate different perspectives or solutions is inadequate 
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for a professional engineer. The intermediate level is insufficient, and educators must lead students 
beyond this level of subjective thinking.

Engineering is often characterized as problem-solving, where technical and scientific knowl-
edge is applied to create the best solution. Paired with training toward efficiency, students can 
feel immense pressure to produce the ‘right’ solution. The discomfort can lead students to avoid 
or dismiss ethics as a vital facet of engineering work. As Lönngren (2021) explains, dismissing 
ethics as part of the act of ‘engineering’ may be a self-protective mechanism to avoid the potential 
discomfort of examining the ethical implications of one’s work. Therefore, developing students’ 
epistemic micro-practices for working with uncertainty and exercising judgment could decrease 
this pressure and allow them to engage with ethical issues more productively. The cognitive focus 
of this chapter does not integrate the emotional dimensions of ethical reasoning identified in recent 
work (i.e., Haidt, 2001), work on ethics of care, and the themes of sustainability and equity – doing 
so would be a fascinating challenge that is, however, outside the scope of this chapter.

Teachers and researchers should consider the role of assessment methods and teaching strat-
egies in perpetuating students’ overuse of epistemic micro-practices from Facets 1 and 2. For 
example, case studies where the student is expected to identify the issues previously identified 
by the teacher in order to achieve a good grade offer little scope for students to employ epistemic 
micro-practices around managing uncertainty and imposing their judgment, which will be required 
for authentic, real-world problems. Counter-examples include teaching strategies and formative 
assessments that increase opportunities for teachers and students to discuss the process of ethical 
reasoning, thereby supporting students’ adoption of a broader range of epistemic micro-practices. 
To borrow from the think-aloud observation protocols, instructors could ask students to explain 
how they accomplished a specific task and how they determined that it was a sufficient outcome. 
Depending on the objective, this could help evaluate the pedagogical potential of the task to elicit 
a desirable range of epistemic micro-practices or assess a student’s reasoning skills. This is the 
approach of many oral examinations; however, student engineering projects are typically assessed 
via a report or presentation focusing on the result rather than the process.

In traditional format courses, assessment tasks with students working directly at the level of 
evaluating solutions may be a more direct way to promote sophisticated epistemic micro-practices. 
For example, students could be furnished with several solutions to an ethical problem (rather than 
generating the solutions) to prompt them to enact epistemic micro-practices from several facets to 
generate relevant criteria and apply their own judgment to assess the solutions. This would encour-
age students to become aware of recurrent criteria and underlying principles relevant to many situ-
ations. Of course, this does not address the fundamental conflict between exercising engineering 
judgment and having an expert/teacher assess your work to provide a specific numerical grade. 
It may be appropriate to remind ourselves of the level of epistemic cognition engineers typically 
have at graduation. Previous work (Gainsburg, 2015; Isaac, 2021; Pavelich & Moore, 1996; Wise 
et al., 2004) suggests that students rarely achieve an advanced level of epistemic cognition in their 
disciplinary thinking. Hence, it is likely not appropriate to expect them to be highly advanced in 
ethical reasoning as they start their professional journeys; they need openness in their mindset and 
appropriate epistemic micro-practices to continue their exploration beyond their time as under-
graduates. Indeed, Baxter Magolda (1992) showed that although university students’ epistemic 
cognition increased gradually through their studies, a more significant improvement occurred in 
the 2 years after graduation.

To encourage students to engage with ethical complexity, teachers should introduce activities 
and assessments that allow for multiple perspectives and solutions, starting from the first semes-
ter. Open-ended activities that engage creativity and increase students’ experience with epistemic 
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micro-practices to manage uncertainty and exercise their own judgment should be a goal of engi-
neering ethics education. Problem-, project-, and challenge-based curricula, where students take 
a more active role in directing their own learning, offer excellent opportunities for such epistemic 
practices. Challenge-based learning (CBL) requires students to engage more with ambiguity and 
uncertainty through highly contextualized problems with multiple stakeholders (Bombaerts et al., 
2021). Problem- and project-based learning (PBL) approaches are the subject of Chapter 21 of this 
handbook. The plurality of approaches and possible answers, the necessary contextualization and 
situational knowledge, and often the lack of the full scope of impact make ethical analysis not only 
hard to teach but also hard to evaluate in ways commensurate with typical assessment of student 
outcomes.

Conclusion

Engineering curricula should pay more attention to the role of sophisticated epistemic cognition in 
developing ethical reasoning skills. Ethics courses and units should seek to stimulate and measure 
students’ epistemic cognition and to minimize the detrimental impact of teaching and grading 
approaches that do not encourage students to diversify their epistemic approaches. We are not 
proposing a wholesale replacement of models of ethical reasoning in engineering curricula but 
rather that greater attention should be afforded to epistemic cognition as a means of moral and 
professional growth.

Not assessing students’ epistemic sophistication risks overlooking an essential blockage in 
students’ ethical engagement and development. A succinct illustration is the potential explanatory 
power of epistemic naïveté for Haws’ identification of engineering students’ persistent stance of 
‘ethical relativity,’ where students conclude that if there is not a single, definitely correct answer, 
then everyone’s ethical ‘opinion’ must be equally valid. Engineering ethics teachers’ intention for 
students to engage with authentic cases (Martin et al., 2021) can be reinforced by setting analysis 
tasks that have students engage in the more sophisticated epistemic micro-practices of exercising 
their own judgment – setting and applying criteria to evaluate competing solutions, and working 
with more ambiguity. This correlates to the idea of providing ‘thick’ cases, as are already used 
in ethics education and project work. However, we believe that teachers can provide better sup-
port to students in developing their skills by introducing contextual factors that enable Facet 3 
epistemic micro-practices and allowing students to choose between competing solutions (Facet 
4) in paper, calculation, or fundamental technical engineering assignments from their first year 
of studies.

The lack of empirical and theoretically robust quantitative tools available for measuring epis-
temic sophistication (Isaac, 2021) is unfortunate. This lack of quantitative instruments makes 
directly measuring epistemic cognition in large engineering cohorts unfeasible. The significant 
insights offered by epistemic cognition to ethical reasoning include greater attention to the process 
of ethical reasoning and, therefore, to assessing not the product or result as in common engineering 
disciplines. Being more explicit about this can also assist teachers to be more attentive to develop-
ing students as professionals. Given the comparatively weak epistemic sophistication of engineer-
ing students (Gainsburg, 2015; Marra et al., 2000; Wise et al., 2004), these epistemic issues can 
exert a significant negative force.

Engineers’ capacity to contribute to solving big societal issues is much vaunted, but moral 
leadership is essential for resolving ill-structured, volatile, and interdisciplinary problems. The 
speed at which new technologies and technological capabilities emerge means that we also need 
engineers to be proactively formulating moral problem statements and not waiting for someone 
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else to identify a potential issue. Epistemic cognition is a promising element for ensuring that 
the next generation of engineers is prepared for the epistemic reality of ethics in engineering 
practice.
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Introduction

Ethical consideration within engineering curricula represents a modern advancement of the core 
topics included in engineering degree programs within higher education. However, it is widely 
recognized that the development of teaching ethics to students in engineering programs since its 
establishment in the 1970s has been gradual (Martin et al., 2021; Mitcham, 2009; Weil, 1984; 
for more on this, see Chapter 32 on foundational perspectives on ethics in engineering accredita-
tion). Consequently, it is unsurprising that research on evaluating the quality of ethics education 
included in engineering courses and programs is not yet mature and, thus, is variable and sparse. 
Nevertheless, this chapter provides a critical reflection of the research – in engineering educa-
tion and the broader discipline of education – on evaluating the quality of curricula to provide 
an aspirational proposal for envisioning an ideal curriculum. What should be strived for from an 
institutional perspective regarding quality assessment and enhancement practices of ethics edu-
cation within engineering curricula? This chapter was written to emphasize what quality ethics 
education looks like within engineering curricula, with essential connections to the other chapters 
of the assessment theme included within this handbook.

Curricula: the connection between a higher education institution and its students

Curricula constitute a fundamental element of universities and higher education, as the root of con-
ventional student learning is found within them. A curriculum’s purpose is galvanized to influence 
the development of a learner. In the broadest sense, the curriculum is defined as a plan for learning 
or, more specifically, an organized set of learning experiences to modify the behavior of learners 
in a desired and predetermined manner (Kropp, 1973). Moreover, Priestley, and Philippou (2019) 
describe curricula as “the multi-layered social practices, including infrastructure, pedagogy and 
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assessment, through which education is structured, enacted and evaluated” (p. 3). At this point in 
the chapter (and again in its following sections), it is helpful to look to John Goodlad (an educa-
tor and researcher who is widely known as an advocate of education) for advice on “preparing 
young people to be active and engaged citizens in a participatory democracy” (Britannica, 2023). 
The book Fifty Modern Thinkers on Education: From Piaget to the Present by Psychology Press 
(Palmer et al., 2001) lists him, indicating the significance of his ideas on curricula and curriculum 
development. Goodlad (1979) developed a curriculum typology (outlined below) as a valuable 
framework for delineating how curriculum, manifested through various yet interconnected repre-
sentations, serves as an intermediary mechanism in students’ progression toward achieving learn-
ing outcomes.

 1. The Intended Curriculum includes Ideological and Formal domains – curricula that emerge 
within the context of higher education from idealistic planning processes led by institutional 
leaders and/or gain official approval by state, professional accreditation, and university 
approval boards and are adopted by choice or force, by teachers.

 2. The Implemented Curriculum includes Perceived and Operational domains – curricula of 
the mind of the teacher (or user of the intended curriculum) and that which is put in place 
and goes on in the classroom hour after hour and day after day, led by the teacher (i.e., peda-
gogy).

 3. The Attained Curriculum includes Experiential and Learned domains – the curriculum as 
experienced by students and that results in learning outcomes of the individual student.

Here, the premise is that a curriculum can be described by the intentions of a university (and its 
departments/schools) to set out a purpose for its education and a plan to incorporate associated 
knowledge, skills, values, and, in many ways, the metacognition (i.e., awareness and understand-
ing of one’s own thought processes) required to foster top-class graduates. There are two other sig-
nificant parties whose perspectives are essential in understanding ‘quality’ within a curriculum: the 
teachers responsible for delivering the planned education and the students who are the recipients 
of it. According to the literature presented in this chapter, the goals established for curricula play 
a crucial role in determining the quality of ethics education in engineering. These goals heavily 
influence the intended outcomes of the learning process, and therefore it is essential to set clear 
and appropriate expectations.

Quality evaluation: a theoretical, practical, and political problem

Developing an effective and ideal ethics curriculum presents theoretical and practical challenges. 
It not only involves developing high-quality engineering programs to foster ethical graduates, but 
it also involves realizing or operationalizing such programs while achieving sustainable improve-
ments and successfully developing capacity among the teachers who deliver ethics education 
within engineering. It is important to note that curriculum decision-making is a socio-political 
process that involves addressing questions such as: Who determines what ‘effective’ and ‘ideal’ 
mean in this context? Who decides? What are the roles of university management, program lead-
ers, industrial partners, employers, teachers, students, and others in this respect?

Filippakou (2011) proposed a conceptual approach to assess the quality of higher education. 
This approach considers curriculum evaluation as a crucial part of educational evaluation. It 
involves making judgments on the value of the school curriculum, constantly improving it, and 
achieving value-added education. Filippakou argued that it includes the evaluation of three inter-
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linked elements: the curriculum plan with consideration of its disciplinary standards and teach-
ing materials, the curriculum implementation, and the curriculum’s effect on students. Wu and 
Liu (2021) and Pavel et al. (2015) identified the main factors affecting curriculum quality (when 
introducing modern overarching themes and topics into existing curricula) as curriculum concept, 
resources, and management.

These authors identify factors that are well aligned, at least in part, with Goodlad’s (1979) 
framework introduced in this section of our chapter and explored in further detail in our sub-
sequent section on literature review: ‘curriculum concept’ can be linked to Goodlad’s intended 
curriculum, while ‘curriculum resources’ can be associated with Goodlad’s delivered curriculum, 
which includes what happens in the classroom. The factor of ‘curriculum management,’ however, 
has a less evident link to Goodlad’s framework. This factor highlights the importance of having 
support from various levels of the institution – for example, the messages and actions of teachers 
in the classroom being aligned with institutional requirements and educational vision. It is related 
to the importance of ‘practicability,’ which Bombaerts et al. (2019) link to the attained curriculum 
(explored below).

Positionality

As authors of a chapter positioned within the assessment theme of this engineering ethics educa-
tion handbook, we started by observing that the concept of ‘quality’ in the context of curricula is 
interpreted too narrowly in assessments when they refer only to the student achievements (i.e., 
learning outcomes). In this chapter, we call for a broader approach to the concept of quality ethics 
curricula within engineering programs by also looking at the quality of teaching practices and the 
relevance of those teaching practices for engineering students.

Our four-person authoring team includes three engineers and one specialist in science, technol-
ogy, engineering, and mathematics (STEM) education and curriculum design. We all currently 
work in higher education. All four authors have experience with higher education within Europe. 
Emanuela and Nienke bring extensive experience in program and curriculum design and conduct-
ing training programs as well as leading various communities of practice for staff to help them 
deliver curricula (within and outside of engineering education). Christine has deep knowledge 
and interest in the ethics and philosophy of technology. Folashade brings research strengths in the 
investigation of innovative pedagogies for embedding graduate attributes. For all of us, studying 
and evaluating quality in ethics curricula at the program level within engineering education was a 
new and intriguing opportunity to collaborate on a relatively unexplored topic in literature. What 
is provided herein has been shaped by our interest in the future progress of engineering programs 
to embed ethics consistently, practically, and effectively – and with contextual relevance that is 
engaging to students and representative of institutional values as well as the continuous evolution 
of the profession.

Goodlad curriculum typology: a means of evaluating quality

A typology foregrounded by Goodlad (1979) is used in this chapter to categorize the discussion 
within ethics curriculum research. Examples wherein this approach has been used in education-
based research include Stokking et al. (2003), who refer to Goodlad to characterize the implemen-
tation strategy of environmental education and conclude that only an ideological curriculum was 
presented in the case investigated; and Terwel et al. (2004), who described the innovation waves in 
the Dutch mathematics curriculum and concluded that much is known about the ideal and formal 
curriculum levels, but that still no-one knows what happens in the classroom at the operational 
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level. A recent study that involved two authors of this chapter (Bombaerts et al., 2019) uses the 
Goodlad typology to propose four distinct quality criteria to evaluate and improve ethical educa-
tion in engineering curricula: relevance, consistency, practicality, and effectiveness. Bombaerts et 
al. argued that a high-quality ethics curriculum should have virtues and components that serve all 
four quality criteria. However, their research shows that there are some disparities and unknowns.

Relevance and effectiveness as measures of quality

The work of Bombaerts et al. (2019) suggests that current engineering education research in the 
context of ethics education is focused mainly on the quality evaluation associated with the rel-
evance and effectiveness of the provision, with little to no inclusion of studies examining the 
consistency and practicality of ethics education in engineering programs. In other words, plenty 
of publications describe the aim to guide the vision/rationale/basic philosophy underlying an engi-
neering ethics curriculum (i.e., an aspirational aspect of the intended curriculum set out and con-
trolled by institutional leaders). Moreover, a robust research foundation exists on initiatives aimed 
at assessing and informing educators about ethics-centered learning experiences as perceived by 
students. These initiatives result in individual learning outcomes achieved through assessments 
and self-reflection, reflecting the attained curriculum. Attention to the relevance of ethics educa-
tion is prominent through, for instance, studying and discussing (1) the conceptual goals sur-
rounding ethics education within engineering programs, such as honesty, integrity, and/or social 
responsibility; (2) the support of engineering concepts of complexity, risk, and security; and (3) 
the compliance of national, disciplinary, or institutional education standards, such as accreditation 
and policy. The effectiveness of ethical education within engineering education research is often 
studied and debated through themes of student attributes and competence development.

Lack of research on consistency and practicality as a measure of quality

To a lesser extent, attention is paid to issues related to consistency, which is described as the need 
for coherence among all course components and the entire curriculum, including the aspects of 
learning listed below that are associated with all three types of curricula distilled from Goodlad 
(1979).

• Rationale: Why are students learning?
• Aims and objectives: Towards which goals are students learning?
• Content: What are students learning?
• Learning activities: How are students learning?
• Teacher role: How is the teacher facilitating the students’ learning?
• Materials and resources: With what are students learning?
• Grouping: With whom are students learning?
• Location: Where are students learning?
• Time: When are students learning?
• Assessment: How is learning of students assessed?

The aspects of learning listed above are taken from the work of the Netherlands Institute for 
Curriculum Development (SLO, 2009, p. 12) and van den Akker et al. (2003), who present them 
together as a so-called curricular spider web with the aim of clarifying the key aspects of learn-
ing within curricula and what coherence within curricula comprises. The curricular spider web is 
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drawn in these referenced texts to visualize the relationship between all the key aspects of learn-
ing within a curriculum to support moving away from the notion that curriculum generally only 
concerns the aims and contents of learning. The rationale serves as a central link and supports all 
other aspects, which within the curricular spider web are connected, providing coherence and, ide-
ally, the consistency that Bombaerts at al. (2019) sought to find in research studies on the quality 
of engineering ethics curricula.

Based on reviewing the engineering ethics education research literature, Bombaerts et al. (2019) 
claimed that consistency in ethics education is not given much importance beyond the ongoing 
debate on whether ethics should be taught as an embedded approach within degree programs or as 
a separate one-off or strand of ethics course(s). It is often argued that there is a shortage of engi-
neering faculty members who possess the necessary expertise and comfort in teaching ethics. This 
is frequently cited as the reason for having a separate teacher specifically dedicated to engineering 
ethics. The idea behind this argument is to ensure consistency and provide quality education. This 
is because the considerable generational gap between modern curricula and the educational back-
ground of engineering academic staff can hinder their ability to teach ethics effectively. However, 
Farahani and Farahani (2014) pointed out that the ‘practice-what-you-preach’ principle impacts 
the quality of a student’s ethical education; through teachers’ consistent and daily obligation to 
show respect for the privacy, health, and safety of students, teachers can model trust, respect, 
tolerance, and openness.

Bombaerts et al. (2019) described practicality as being more explicitly linked to the imple-
mented or operational curriculum through the perceptions and abilities of the teachers whose role 
it is to enact or operationalize the intended curriculum. Bombaerts et al. explained that teachers 
face practical considerations in their daily work of delivering the intended curriculum. Furthering 
from the work of Jansen et al. (2013), they believe that teachers should do this by considering the 
following questions when delivering the lesson associated with the ethics syllabus or curricula: 
(1) Is it possible or helpful to teach it (i.e., instrumentality)? (2) Does it fit within their given cir-
cumstances (i.e., congruence)? (3) Is it feasible to teach within the available time and resources 
allotted (i.e., cost)? (p. 1424).

In contrast, Bombaerts et al. (2019) found that research on the practical quality of engineering 
ethics education has focused on whether the assessment is valid and reliable – another aspect of 
the curricular spider web, alongside that highlighted above as the teacher’s role. Bombaerts et al. 
(2019) found that practicality and consistency are two key aspects missing from ethics education 
in engineering programs. They stated that ‘practical courses show consistency between both forms 
of the implemented curriculum, the perceived as well as the operational’ (2019, p. 1427), which 
means that practical courses should align with both the intended curriculum and the actual imple-
mentation of the curriculum. Very little research has been done on the relationship between prac-
ticality and quality, especially regarding teachers’ perceptions of how well they are implementing 
the curriculum. This suggests that more work needs to be done within the engineering education 
ethics research community to move beyond simply understanding “whether assessment is valid 
and reliable in ethics education” (2019, p. 1429).

By framing teachers’ hesitation, Bardfod and Bentsen (2018) used the Goodlad framework to 
evaluate Education Outside the Classroom (EOtC) – a relatively common practice in Scandinavian 
schools. The research indicates the importance of examining the practical issues experienced and 
described by teachers and the issues’ impact on delivering a high-quality curriculum. Bardfod and 
Bentsen asserted that quality may include broader aspects (such as confidence levels of teachers to 
teach a novel subject or the potentially increased workload affecting the effort teachers may wish 
to put into their delivery), as well as how some subjects are logically/chronologically interwoven 
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with others (which has ramifications for the ‘coherence’ of the curriculum and each teacher’s role 
within it).

Literature review: search for constituent elements of quality

The literature review below analyzes the ideal representation of ethics curricula in engineering 
education. It explores the various aspects of learning that are part of the curriculum’s flexible 
yet vulnerable nature, as described in the previous section of this chapter using the metaphor of 
a spider web. The literature review presents a theoretical conceptualization of the intended cur-
riculum for ethics education within engineering programs, using the Goodlad typology as a lens. 
This conceptualization is based on research on the evaluation of engineering ethics education and 
considers all aspects of the curricular spider web, including assessment. The goal is to create a 
clear and comprehensive representation of what ethics education in engineering programs should 
look like. Adopting this approach allows us to respond more to the fundamental query of what 
could constitute high-quality, ethical education in engineering curricula while acknowledging key 
issues because of the infancy of its evolution and development.

Our literature review utilized the Web of Science and Scopus databases to identify research 
about curriculum content, pedagogy, and assessment associated with undergraduate engineering 
ethics education. To retrieve sources related to the three representational aspects of curricula as 
described in Section 1, we used the following combination of key terms to search in the titles and 
abstracts of publications during the period 2000–2023: “ethic*” AND “engineer*” AND “edu-
cation*” OR “course” OR “program*” OR “curricul*” OR “teach*” OR “assess*” OR “imple-
ment*” OR “pedagogy*”. After the initial database searches, we retrieved additional sources by 
‘pearling’ or ‘snowballing’ the reference lists of the collected, relevant publications.

Below, we discuss the results of our literature search. We have identified key components of 
ethical education that should be included in undergraduate engineering degree programs. These 
components are aligned with Goodlad’s typology of curriculum and are integrated into the differ-
ent aspects of learning found within the curricular spider web.

The intended engineering ethics curriculum

In this section, we look at the rationale, aims, and objectives of the intended engineering ethics cur-
riculum, with the role of the teacher at its core. Goodlad (1979) argued that teachers’ interpretations 
of the intended curriculum are a preface to its execution. There are debates and opinions on its best 
approach and ideological purpose in engineering ethics education. Additionally, the components 
or aspects of learning (e.g., the nine threads of the curricular spider web) of the intended curricu-
lum will look different depending on the fundamental purpose (the rationale/vision at the center 
of the spider web) chosen. Our literature review found two main perspectives on the fundamental 
reasoning behind ethics curricula in engineering education. On the one hand, Mitcham (2009) and 
others argue that engineering, particularly its inclusion of ethical considerations, should be made 
part of the ‘lifeworld’ and endeavor “to advance a deeper human understanding of the Good” (p. 
50). Arguments aligned with this stance posit that engineering curricula must include more authen-
tic contexts and show how social and political interests contribute in important ways to the forms 
of technologies and technical solutions engineers produce (Bucciarelli, 2008). On the other hand, 
another group of scholars has foregrounded the crucial role of curriculum in motivating engineer-
ing students to learn ethics – highlighting the historical significance of engineering as a profession 
and practice on society and the planet while promoting the diverse future roles of responsible engi-
neers (Bombaerts & Vaessen, 2022; Colby & Sullivan, 2008; Hess et al., 2017; Rayne et al., 2006; 
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Silvast et al., 2020). Within this argument, Pfatteicher (2001) asserted that students’ motivation 
would be improved if more of the curriculum was focused on supporting students’ understanding 
of the nature of engineering ethics – meaning that the curriculum should focus on why it is crucial 
to be an ethical engineer, and how to address and resolve moral problems.

There is a debate in the literature regarding whether ethical codes should be used as a baseline 
for incorporating ethics into engineering education (Li & Fu, 2012). One body of research sug-
gests that codes can offer guidance and a shared understanding of a commitment to ethics that can 
uphold the professional image (Li & Fu, 2012). However, there is a growing interest in moving 
beyond the offering of these basics, which suggests that codes cannot substitute either for indi-
vidual capabilities in solving ethical dilemmas (Bucciarelli, 2008; Martin & Schinzinger, 2005) 
or serve as the substantive knowledge base for ethics education. Voices in this debate posit that 
engineering ethics curricula should equip students with a broader knowledge base beyond the core 
technical aspects offered in traditional engineering programs, as well as a diverse set of skills nec-
essary to address the current ethical challenges. From a curricular point of view, codes can be seen 
as aims/objectives and content (and thus can be placed at those two threads of the spider web); 
however, the need for codes would depend on the purpose of ethics education (see Chapter 5).

Who should teach ethics in engineering education? Instructors justify their curricular choices 
according to their vision of what engineering practice ‘is’ (Monteiro, 2021; Quinlan, 2002) and 
their understanding of an engineer’s responsibilities (Downey et al., 2007) – thus the teacher’s 
alignment to the curricular rationale is crucial for delivering coherent, unified messages. The lit-
erature suggests that newly hired engineering teachers must be expected/required to teach contem-
porary ethics alongside advancements in disciplinary content. Bucciarelli (2008) proposed the idea 
of recruiting/assembling a mixed faculty, where each member may not possess comprehensive 
knowledge of all dimensions but, akin to engineering practice, each can “articulate their own 
interests to others and to listen with full respect” (2008, p. 147). There are compelling reasons 
to incorporate ethics education into current engineering curricula. This means that engineering 
instructors should teach ethics education as part of their engineering courses, and from a personal 
perspective that reflects the profession (Li & Fu, 2012).

Challenges of consistency within the intended curriculum

This section investigates the challenges of achieving consistency within the intended curriculum, 
considering aspects of content, learning activities, materials and resources, grouping, location, 
and time. Within the literature, many works discuss the various and numerous challenges associ-
ated with implementing ethics into engineering education curricula with consistency. Authors who 
frame their studies around consistency consider the challenges related to the ethics curricula as 
part of the theoretical conceptualization of engineering programs. They touch on aspects of how 
ethics should be taught, what resources and institutional support are needed, and how learning can 
be grouped and situated in a time and space that makes sense and is easily accessible to the learners 
physically and cognitively. Some of the most significant challenges regard teachers’ low familiar-
ity with ethics and the lack of broader institutional support or resources (Boshuijzen-van Burken 
et al., 2022; Martin et al., 2021). There have been reports of unsystematic implementation of ethics 
in engineering (Colby & Sullivan, 2008; Flynn & Barry, 2010; Polmear et al., 2018), leading to 
inconsistency. In this section, we aim to bring together the various pedagogies used for teaching 
ethics in engineering curricula, which are heavily focused on technical aspects. We will explore 
how effective and coherent the different teaching and assessment methods are and how well they 
align with the goals and theoretical frameworks envisioned for engineering ethics education.
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A significant and fundamental challenge with sufficiently and consistently implementing ethics 
into an existing curriculum stems from identifying which disciplinary or ‘technical’ elements of 
learning will be reduced to make room for the ethical components required (Polmear et al., 2018; 
Romkey, 2015). Below are the two most common methods utilized to include ethics education into 
degree programs/course curricula:

 1. A freestanding course, often taught by the philosophy department or another entity external 
to the engineering department, can give the impression that this is not a ‘core’ skill required 
by engineers as it is not integrated within their studies (Wolverton & Wolverton, 2003).

 2. Ethics are embedded across the degree program, and each teacher is expected to include 
an element in their course materials. These range from references to well-known cases of 
engineering failure to classroom or homework exercises in which students grapple with 
trade-offs between potentially conflicting values such as cost and safety (Herkert, 2005).

Bucciarelli, later supported by Bielefeldt et al. (2018), argues that there was a “need to open up 
the engineering classroom to discussion and debate” (Bucciarelli, 2008, p. 147) in favor of embed-
ding ethics education into engineering curricula and suggests a possible way forward would be 
the inclusion of project-based learning to encourage the development of graduate attributes, such 
as critical analysis, communication, and respect. Also included in this conversation is the subdi-
vision of engineering ethics into categorizations of (1) ‘micro-ethics,’ which considers individu-
als and internal relations of the engineering profession (Li & Fu, 2012); and (2) ‘macro-ethics,’ 
which Herkert (2005) identifies as concerning the collective social responsibility of the profession 
to make societal decisions about technology. Li and Fu (2012) argue that most contemporary 
engineering ethics teaching has focused on micro-ethics and presented oversimplified situations. 
Indeed, there is support within the literature indicating that this educational focus neglects the 
social nature of engineering practice (Bucciarelli, 2008; Herkert, 2005; Huff & Frey, 2005). When 
Bielefeldt et al. (2018) surveyed engineering and computing faculty across the United States, they 
found that teaching social justice as a macro-ethics issue has expanded. The literature suggests 
an educational trend toward adopting a broader focus on engineering ethics. This reflects calls to 
go beyond micro-ethical considerations to include topics of, for example, social responsibilities 
(Hollander & Arenberg, 2009).

Incorporating ethical decisions into the technical content covered in a course enables students 
to see how abstract concepts can be applied to real-world problems. Like technical problems, 
students need to practice solving ethical dilemmas first-hand. Many engineering students discuss 
ethical case studies like the Space Shuttle Challenger incident or the Ford Pinto gas-tank problem 
(Wolverton & Wolverton, 2003). However, this promotes an unrealistic simplification of events 
and fails to help students identify complexities without the benefit of hindsight (see Chapter 20). 
Most ethical issues in the real world appear subtly, and engineering students need more practice in 
typical ethical deliberation and decision-making.

Designing an ideal curriculum considering student engagement and reflection

Our review of recently published research on engineering ethics indicates that predominant methods 
for assessing student engagement and perspectives on engineering ethics within engineering pro-
grams include presentations, group projects, portfolios (Sunderland et al., 2013), reflective essays, 
and individual assignments evaluated using a rubric comprising multiple criteria and thresholds 
(Bielefeldt et al., 2016). Assessing such outputs – and commonly used case study assignments – can 
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be challenging due to the ill-structured and open-ended nature of the problems they address (Goldin 
et al., 2015). Assessment is one of the nine curricular aspects of learning and is thus represented on 
the curricular spider web, so it needs to be discussed when designing the ideal curriculum. Students 
view the assessments that are part of the ethics curriculum in engineering programs as significantly 
distinct from the other core assessments required for the degree. This is because they need differ-
ent skills and knowledge related to the topics covered. As a result, these assessments are often not 
aligned with the students’ expectations of what constitutes professional engineering work.

Furthermore, due to the typically limited engagement with ethics in engineering curricula and 
some documented student resistance towards learning about ethics, students are likely to allocate 
minimal time during their formal education as engineers (i.e., progressing through their degree 
program/course) to understanding the relevance of ethics to their future roles. When students 
receive ethics instruction, there is a likelihood that many of them do not take it seriously. This can 
adversely affect the way engineering graduates view ethics and can lead to deficiencies in their 
capability to respond to ethical issues emerging in the workplace (Valentine et al., 2020), despite 
the intentions of academic leaders and curriculum designers to foster ethical graduates.

Considering this, Gwynne-Evans, Chetty, and Junaid (2021) explored how ethics can be more 
extensively incorporated into accreditation documents to validate engineering degree programs. 
They recommended that Washington Accord signatories reposition ethics so that it becomes the 
heart of the engineering graduate attributes, and they demonstrated how to do so. In alignment 
with the earlier discourse around the various rationales associated with engineering ethics cur-
ricula, Gwynne-Evans et al. evoked Davis’ (1991) argument for developing a professional identity 
where engineering ethics is conceptualized as an essential part of thinking like an engineer. Thus, 
intentionally integrating opportunities into engineering ethics curricula to engage in reflection 
and having teachers provide reflective assessments (and therefore modeling reflection) can help 
students claim aspects of that identity in a personal and engaging way while simultaneously devel-
oping their own sense of professional responsibility (Gwynne-Evans, 2021).

Reflections and recommendations for practice and research

As authors of this chapter, we have attempted to provide a theoretical conceptualization of an ide-
alized high-quality ethics curriculum within engineering education for third-level/postsecondary 
education through our investigation of different aspects of learning that appear promising within 
a recent body of engineering ethics education research. Throughout this investigation, we held 
the belief that central to the mission and vision of institutions representing higher education glob-
ally is an aim to provide education that fosters high-quality graduates who will make an impact 
in the world upon graduation. For engineering education, we also believe this is a shared goal of 
the accreditation and validation processes and criteria set out by national and international rep-
resentative engineering bodies (as mentioned in previous chapters of this handbook). However, 
through our collective years of experience working within higher education, we also understand 
that educational change to embed contemporary themes, topics, and challenges (and the associated 
skills, values, and metacognitive aspects) – including ethics, sustainability, and diversity, equity, 
and inclusion (DEI) – can be very slow. An ideal curriculum, in many ways, reflects the aims and 
intentions of higher education institutions, academic departments/programs, and accrediting bod-
ies. However, we understand from the literature on curriculum design and development and the 
research assessing the quality of the ethics curriculum within engineering education that it takes 
more than a mandate (i.e., the intended curriculum as per Goodlad typology) to achieve institu-
tional goals like the one above – it requires a movement, one that holds the roles of the teacher and 
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the student central to its delivery and attainment. This is described by curriculum and its spider 
web (SLO, 2009) as a fragile balance that requires consideration of its rationale and the ten aspects 
of learning, including assessment.

The evaluation or, perhaps more appropriately, the assessment of quality ethics education 
within engineering programs is unclear as there isn’t a large body of work within engineering edu-
cation research to draw from to inform the necessary curriculum development that is being called 
for to prepare engineering graduates for the challenges and complexities of our future world within 
which they will work and progress their professional careers. We utilized the four quality crite-
ria within Goodlad’s curriculum typology (relevance, consistency, practicality, and effectiveness) 
while looking at all aspects of learning in the context of the central rationale for an engineering 
ethics curriculum (SLO, 2009). What jumps out is the need for coherence of all aspects of learning, 
from the point of view of the teachers and the students, within a curriculum to effectively deliver 
upon its objectives. This means going beyond just emphasizing the aims and contents of learn-
ing and optimizing each aspect to balance all others. Assessment, the theme of this section of the 
handbook, the authors would argue, needs to have a better balance with all other aspects of learn-
ing and not be seen as an afterthought. We argue for understanding the balance across pedagogy 
(i.e., learning activities), the teacher role (i.e., experience, expertise, approach, enthusiasm, and 
confidence level), time and content (what to teach? when/at what level? e.g., year 1 versus year 3), 
and the core aims and objectives within engineering ethics curriculum design and development (as 
described in the chapters that follow in this section).

Considering the literature review that underpins this work, the paragraphs that make up the rest 
of this section include recommendations to curriculum developers and educational and institu-
tional leaders in their work to establish an ideal ethics curriculum for engineering programs within 
higher education. Furthermore, we offer suggestions for research on engineering ethics education 
to enhance our comprehension of how engineering ethics curricula, across different modalities 
and encompassing all aspects of learning, including assessment, can be improved. The goal is to 
graduate ethical students well-prepared to make meaningful contributions as professionals in our 
dynamic and continually evolving world.

Fundamentally, academic departments and programs must ensure that their leadership aligns 
with and promotes the notion that an excellent modern engineering degree includes ethics educa-
tion. Educational programs should manage student expectations before students start their stud-
ies and provide a coherent narrative in which engineering and ethics are consistently interwoven 
within their curricula. What constitutes an ideal ethics curriculum within the context of an engi-
neering degree program needs to be informed by the multitude of stakeholders associated with the 
university and its engineering graduates and include a balanced consideration of all nine of the 
curricular aspects of learning, underpinned by a central, agreed, and prominent rationale.

When it comes to how ethics should be taught, we advise introducing various approaches to 
ethics and their associated relevance/rationale to help students understand the dynamic nature of 
ethics within a professional context and frame the potential impact of ethics in their future work. 
Many excellent examples have been presented and discussed above. Thus, we believe that students 
should be introduced to ethics as often and within as many places and learning opportunities (e.g., 
pre-arranged or authentic, inside and outside the curriculum) as possible to provide consistent 
access and a consistent sense of the centrality of ethics within engineering. Building a coherent 
ethics curriculum of quality takes time to design, implement, and develop. We recommend that the 
evaluation of such a curriculum be incorporated into its development plan (or perhaps more aptly, 
its management plan) to work towards addressing the challenges associated with the teacher’s role 
and implementation and its effect on students.
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Concerning who should teach ethics within engineering, we advocate for diversity in the exper-
tise of staff responsible for teaching various aspects of ethics curricula. This approach aims to 
integrate ethical specialists alongside academic staff within engineering departments. The goal is 
to contextualize learning by incorporating themes associated with ethics (such as sustainability, 
DEI, risk/security, social responsibility, design, materials, and systems thinking) and to provide 
in-depth learning opportunities regarding professional responsibility. Practicality is an important 
aspect of curriculum quality and may include looking to literature to better understand the chal-
lenges – including the challenges within the intended curriculum. We urge academic departments 
to foster a better sense of community among the teachers who will implement the ideal engineer-
ing curriculum to address the practical aspects of implementation. Such a community of practice 
could then advocate for and implement more active learning pedagogies throughout the students’ 
engagement with their engineering education to promote a natural sense of discussion and debate 
around ethics that is student-centered and student-led.

The literature presented in this chapter and other chapters of the handbook acknowledges that the 
conventional methods of teaching ethics in engineering education are too limited. These approaches 
are often added as an afterthought or an add-on to the core curriculum and rely too much on ethical 
codes to meet the accreditation requirements. We believe it is essential to broaden the traditional 
categorizations of engineering ethics to include macro-ethics, which will have students consider-
ing the collective social responsibility of the profession beyond the micro-ethics of their individual 
actions and professional relations. There is a growing belief that engineering must incorporate a 
more comprehensive understanding of ethics. This can be achieved by academic departments and 
programs purposefully integrating ethical decision-making and reflective practice into the assess-
ment of their students. By doing so, they can encourage their future engineers to normalize ethical 
considerations and make this a part of their professional practice. This will help them become 
responsible and adaptable citizens who can thrive in a complex and ever-changing world.

Conclusions

Improving the quality of ethics education is an ongoing theme of higher education reform within 
universities and engineering departments. Evaluating curriculum quality is a challenge that has 
not yet matured within engineering ethics education practice. Similarly, there is a relatively small 
body of research looking to define quality ethics curricula within engineering programs, and thus, 
its overall impact on fostering ethical engineering graduates is nominal. Knowing that curricula 
generally comprise layers of social practice, as well as interconnected aspects of learning such as 
rationale, aims, content, resources, pedagogy, and assessment through which education is formal-
ized, operationalized, and evaluated, here, the Goodlad framework has provided a lens to under-
stand what form an ideal ethics curriculum could take. Our literature search revealed, through this 
lens, various ideas and approaches to address multiple aspects of learning that are currently being 
heralded and debated.

Quality in engineering education is frequently associated with the criteria incorporated into the 
accreditation of engineering degree programs. These criteria serve to define and validate the cur-
riculum content requirements, extending beyond the technical disciplinary aspects of an engineer-
ing degree. More recently, accreditation standards have emphasized the integration of ethics and 
other contemporary themes or topics related to engineering ethics, including sustainability, risk/
security, DEI, and more. This chapter presented literature associated with the quality evaluation 
of education in general so as to provide a set of lenses from which to envision an ideal curriculum 
for engineering ethics education. Essential themes emerged, such as the integration of ethics in 
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practice, the role of the teacher, and the rationale for ethics curricula, including the need to bring 
students’ attention to professional identity and responsibility at the core of their learning experi-
ence. Another contribution of this chapter was to highlight aspirations and potential for further 
developments in ethics curricula within engineering programs across the globe while serving the 
engineering education research community on ethics by tracing future lines of inquiry.
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Introduction

Ethics is considered central to the professional practice of engineers (Harris et al., 2014), where 
engineers face a range of decisions relating to ethics daily (Kim et al., 2020). In this context, 
ethics education aims at “developing responsible and caring future engineers who can discharge 
their duty as professionals” (Balikrishnan et al., 2019) in diverse and changing contexts. Research 
has identified various options for incorporating ethics within engineering programs (Li & Fu, 
2012; Martin & Polmear, 2023), the need to align engineering ethics education within university 
programs, and the ethical requirements required in the working environments where students are 
expected to practice. There have been multiple responses to this challenge, ranging from increas-
ing measurability (Davis & Feinerman, 2012) and micro-assessments to preparing students for 
professional practice through broader experiences that foster reflection on identity and profes-
sional responsibility, both as individuals and as professionals (Hess & Fore, 2018). Engineering 
practice is positioned as requiring critical thinking, reflective action, and the exercise of ethical 
judgment (Riley, 2008/2022), thus requiring the redefinition of engineering responsibility beyond 
the technical field to include the context and culture in which engineering is practiced. Conlon 
and Zandvoort (2011) recommended expanding how ethical, professional, and social responsibil-
ity should be addressed within engineering programs. As such, ethics education needs to provide 
students with opportunities to develop the ability and confidence to exercise judgment in various 
contexts related to the practice of engineering (Basart & Serra, 2013).

Studies on ethics education within industry recommend that industry engagement may be effec-
tive in improving the quality of engineering education (Bucciarelli, 2008) and that improvements 
in ethics education require engagement with industry stakeholders. Academic–industry partner-
ships have been proposed and tested. Some efforts have been made to establish ethics advisory 
councils for industry practitioners to improve ethics education (Kim et al., 2020).

This chapter argues for the importance of broader stakeholder engagement, where this engage-
ment provides opportunities for ethics education to connect with engineering practice. It will 
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examine four case studies wherein the assessment of ethics education can potentially be embedded 
in these stakeholder engagement opportunities.

This will require two interrelated processes: critical assessment of the process of establishing 
the stakeholder partnership and an examination of what can be learned about ethical practice in 
these interactions. Scaffolded stakeholder involvement in both these processes is seen as key to 
the learning experience, and a provisional framework is proposed, as indicated in Table 30.1. The 
table identifies elements of the stakeholder engagement process relating to the assessment of ethics 
education – highlighting contrasting elements of the stakeholder engagement process of each case 
presented in this chapter and suggesting opportunities for stakeholder engagement as potential 
sites for assessing ethics education.

The case studies profile a range of existing engagements among university and stakeholders, 
including industry engagement in program design, work placements, site visits, and community 
involvement in skills development. This recognizes that, although the formal ethics education of 
engineering students may take place within the boundaries of academia, it can usefully be sup-
plemented by the strategic design of ethics assessments that build on stakeholder engagements.

The authors of this chapter are all practicing engineering educators situated across three con-
tinents; three of us teach ethics to engineering students, and one researches engineering educa-
tion and co-leads the African Engineering Education Research Network. Our interests align on 
finding opportunities to enhance the learning experience of engineering students outside of the 
formal focus on disciplinary knowledge, recognizing the value of diverse contexts and back-
grounds, and the necessity of building assessment practices that incorporate reflective engage-
ment with practical experience. The case studies have been drawn from the universities where 
we work.

The need for ethics education relating to stakeholder engagement

Ethics education must permeate the engineering curriculum and anticipate engineering practice, 
incorporating the relational imperatives of ethics. The different types of relationships between a 
range of stakeholders (public or private, individual or group) demand a more open, participatory, 
and decentralized approach to engineering ethics (Basart & Serra, 2013).

How ethics is defined affects how ethics education is positioned in a program, where it is vis-
ible, and how it is assessed. Thus, it is strategically vital to draw on an expansive understanding of 
ethics that invites critical examination of the ethical practice rather than limiting attention to ethi-
cal knowledge. This requires a model of ethics education that engages with knowledge, concepts, 
skills, values, and attitudes and encourages examination of the interplay between theory, identity, 
and action (Gwynne-Evans et al., 2021). The concept of ‘ethical becoming’ proffered by Fore and 
Hess (2020) introduces dynamism to learning ethics and emphasizes the relational nature of the 
process.

This kind of ethics education requires students to develop practical strategies to make choices 
that affect action in complex situations, where options are not self-evident, and to see themselves 
as part of communities with intersecting interests. It looks at the interconnection of individual and 
group choices – to one another and to professional codes of conduct (Colby & Sullivan, 2008) – 
and examines the justification of these choices within a particular context. Stakeholder input can 
be necessary to position ethics education as a collaborative undertaking beyond the individual 
actor’s control (Zhu & Clancy, 2023; Zhu & Jesiek, 2017). This provides a rationale for exploring 
stakeholder engagement as an opportunity to develop assessment strategies that measure various 
elements related to ethics education for engineers.
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Definition of stakeholders within the engineering education ecosystem

Stakeholders are recognized as individuals, groups, and organizations that have an interest in the 
objectives, processes, and outcomes of an organization (Freeman, 1984). As such, stakeholders are 
not neutral actors but have vested interests that may or may not align with those of the educational 
institution or engineering program with which they interact (Martin et al., 2021).

In higher education, engineering program stakeholders may be divided into internal and exter-
nal stakeholders. Internal stakeholders include the students, academics, administrators, and the 
academic institution. To some degree, parents and carers of students may also be included as inter-
nal stakeholders, but these are not a focus of this chapter. External stakeholders include industry, 
companies, and organizations that intersect with the academic institution and/or fund activities and 
people, as well as the communities – including non-profit organizations, engineering professional 
bodies, and social enterprises – that potentially benefit from the engineering program activities and 
engineering practice more widely. This chapter will focus on interactions with external stakehold-
ers, other than the accreditation bodies, who play a significant role in determining the direction of 
engineering programs.

Stakeholders, including the educational institution itself, the students, and community and indus-
try partners, can be seen to impact and be impacted by the engineering program’s projects and inter-
actions. The institution’s implicit and explicit engagement processes with external parties potentially 
impact the scope of engineering ethics education and its assessment. This highlights a largely under-
explored area of ethics education within engineering relating to evaluating stakeholder engagement 
– in terms of how its processes model both ethical engagement and student learning and assessment.

The opportunity to assess ethics education provided by stakeholder engagement

Stakeholder engagement is increasingly recognized as part of engineering practice. This requires 
students in engineering programs to anticipate and rehearse how to manage processes that involve 
the exercise of judgment and decision-making relating to stakeholder interaction. This relates to 
technical problem-solving and management decisions concerning people, where consequences 
may not be predicted with the same confidence as technical processes, yet where decisions must be 
made. Stakeholder partnerships introduce a range of possible interventions where the assessment 
of ethics education extends beyond individual student responses and scores to include evaluation 
of the opportunities for engagement with industry and community stakeholders. This emphasizes 
accountability as a collective responsibility.

Practical considerations concerning the engagement process need to be identified, as these can 
affect the quality of stakeholder engagement (O’Riordan & Fairbrass, 2014). These considerations 
affect power relationships, priorities, outputs, and reach. They include but are not limited to fund-
ing, affiliations of program contributors, and the process of determining who contributes to the 
program’s benefits and objectives.

From the above, it is evident that the extent and nature of partnerships and stakeholder engage-
ments influence priorities and ethical decision-making. Envisioning an undergraduate ethics edu-
cation program that engages communities and industry stakeholders as partners requires critical 
reflection on the following:

The role and responsibilities of the university and its faculty
The university operates primarily at the management level to provide an environment 

for teaching, learning, and research by ensuring staff and student programs run smoothly. 



540

Alison Gwynne-Evans, Irene Magara, Esther Matemba, and Sarah Junaid 

Faculty members collectively facilitate teaching, learning, and assessment through class-
room and extra-curricular activities.

The role and responsibilities of industry stakeholders
Industry stakeholders determine the trajectory of future employment and must position 

themselves strategically to further their commercial and strategic interests. They play a vital 
role as a partner in ensuring students and professionals acquire and maintain ethical practice. 
Industry engagement provides work experience through internships, graduate trainee posi-
tions, or full-time employment opportunities and thus influences priorities. Industry’s vested 
interest requires careful consideration during stakeholder engagement.

The role and responsibilities of community stakeholders
The role of community stakeholders is equally important (to that of industry and the 

university) in identifying, promoting, and assessing ethical practice. This role includes the 
regulatory component required by engineering professional bodies. It involves highlighting 
social and environmental obligations in ethical practice profiled through the work of non-
profit organizations and social enterprises with a strong focus on community development.

These considerations affect choices and synergies regarding program goals and learning objectives 
for ethics education and require careful planning and design to incorporate. There can be signifi-
cant areas of synergy but also areas where interests conflict and cannot align. These differences 
need to be recognized and dealt with strategically.

Making decisions within contexts with unpredictable outcomes involves risk, and making 
judgments necessitates grappling with ethical theory and action alongside technical proficiency. 
Stakeholder engagements thus provide a fertile context for evaluating this intersection.

Donaldson and Preston (1995) distinguished three kinds of stakeholder engagement analysis: 
descriptive, instrumental, and normative. This chapter will translate these into three reflection 
levels regarding the stakeholder engagement process. Reflection is positioned as an activity that 
connects theoretical content to understanding (Correia & Bleicher, 2008).

As such, the first level of reflection requires a descriptive engagement where facts relating to 
the interaction are relayed, and where stakeholders such as industry and community groups may 
have little or no significant role in contributing to educational objectives and outcomes. This is 
distinguished from instrumental engagement, where the goal of the interaction may be identified in 
terms of a contractual benefit to the stakeholders. Here, ethics education aims to result in students 
acquiring “an understanding of professional and ethical responsibility” (Bucciarelli, 2008, p. 141). 
The third alternative is a normative engagement with the stakeholder engagement process, poten-
tially influencing educational objectives and outcomes. These three levels of reflection correlate 
with determining the value of an intervention to the stakeholders and measuring their experience 
of and engagement with ethics education.

Four case studies, each selected to capture breadth in terms of stakeholders involved and across 
three disparate global contexts, explore the interaction of stakeholders across these three levels.

Assessment of ethics education through reflection 
at individual and program levels

Assessment of ethics education relates to students’ outcomes and abilities and to the internal 
coherence and goals of the engineering program in which the assessment is embedded. At an eco-
system level, it is crucial to distinguish assessment concerning program or institutional goals from 
assessment of learning objectives. This process of evaluating program goals recognizes that the 
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assessment process itself builds in values that guide and shape engagement with stakeholders and 
can, in turn, potentially be shaped by the stakeholders.

Assessment is a powerful tool in the learning process, highlighting both the content areas and 
skills that are important and those that require attention (Davis & Feinerman, 2012). Assessing eth-
ics education within the curriculum can be enhanced by reflecting on real-life opportunities where 
students engage with stakeholders as role players in various contexts (Hess et al., 2023). Stakeholder 
engagement thus provides a valuable context to evaluate where this can be achieved. As such, an 
assessment of ethics education needs to be formulated to assess the students’ grasp of the different 
elements of ethics, including concepts, knowledge, skills, values, and attitudes, occurring in stake-
holder engagement. These areas relate to the intersection of knowledge, identity, and action within a 
context. Here, the value of the assessment is recognized as the quality of the students’ reflection on 
their learning relating to ethics, which is distinct from the overt testing of content knowledge.

In the context of ethics education aligned with stakeholder engagement, students are learning to 
anticipate and justify a plan of action to deal with processes that are not under their direct control 
as actors. This draws attention to the way in which choice is justified within a context and that the 
justification of choice is dependent on principles, values, and processes of engagement rather than 
only on the outcomes of engagement. As such, it also draws attention to the role and profile of 
attitudes and values within the learning process and within professional practice.

Assessment in engineering ethics education in connection to curricula crucially affects what is 
taught and learned through practical engagements (Davis & Feinerman, 2012). Evaluation of the 
effectiveness of ethics education within an engineering program has traditionally focused on meas-
uring students’ knowledge and awareness in terms of case studies, the details of codes of conduct, 
and skills such as the ability to reference or develop an argument (McGinn, 2003). The engage-
ment with stakeholders impacts students’ learning in both explicit and implicit ways, potentially 
building and strengthening the ethical practice of various stakeholders, including the engineering 
students, faculty, staff, and the community and industry stakeholders they interact with.

Interactions and partnerships with industry and communities during the undergraduate degree 
potentially provide opportunities to enhance the ethical proficiency and judgement of students as 
well as to draw on and to enhance the established ethical processes of stakeholders.

Case studies exploring assessment of ethics 
education with stakeholder engagement

We selected the four case studies involving stakeholder engagement as examples of extending eth-
ics education concerning what is taught and how learning is assessed within engineering programs. 
Each case study’s analysis is structured in four sections: a contextual background, a description of 
the engagement with the respective stakeholder, an analysis of the instrumental value and benefit 
of the intervention, and a normative reflection with recommendations. The presentation is based 
on Donaldson and Preston’s (1995) recommendations demonstrating the potential for engagement 
to enhance the learning and assessment of ethics in engineering education.

Case study 1: Aston University, United Kingdom: 
industrial panel program review

Contextual background

The Mechanical, Biomedical, and Design Engineering (MBDE) Department at Aston University 
sits within the College of Engineering and Physical Sciences. MBDE runs four programs: 
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Mechanical Engineering, Design Engineering, Biomedical Engineering, and Product Design. This 
case study explores the introduction of an industrial program review process to help monitor and 
enhance two of these programs: Mechanical Engineering and Design Engineering.

Aston University developed as a traditional technological university, working closely with 
industry, commerce, and the surrounding communities and pioneering research in metallurgy and 
other sciences in its early days. These roots have continued, and the MBDE department today 
strongly emphasizes developing students to be industry-ready – this involves equipping students 
with the interpersonal skills necessary to enter an interdisciplinary, team-based workforce. The UK 
Engineering Council accredits the university’s engineering and product design programs through 
the Institute of Mechanical Engineers (IMechE) and the Institution of Engineering Designers 
(iED), respectively. An external panel of chartered engineers from academic and industrial back-
grounds runs these accreditation evaluations.

‘Chartered Engineer’ is a professional status recognized by UK regulatory engineering bod-
ies, such as the IMechE. Becoming a Chartered Engineer requires achieving the requisite aca-
demic qualification and documenting specified competencies (based on work-based learning) after 
graduation. Although being chartered is not a legal requirement to work as an engineer in the 
United Kingdom, the university’s engineering community conveys the expectation that a gradu-
ate engineer and designer from an accredited program will continue their membership and build 
on their professional development postgraduation to chartered status after several years of work 
experience.

However, beyond the formal accreditation process in engineering programs in the United 
Kingdom, there are no formal methods to review the teaching programs where there is industrial 
involvement. Academic reviews occur internally and externally annually and cover operational 
elements of the program, such as curriculum structure, delivery, assessment, and processes for 
feedback and moderation. There is a clear gap in stakeholder involvement within program devel-
opment. From the viewpoint of ethics, the challenge to address is that the ethical outcomes, skills, 
awareness, reflection, and practice required are not well-informed or well-influenced by industrial 
stakeholders.

One area where this challenge can be addressed is the growing emphasis on entrepreneur-
ship within engineering programs. Entrepreneurship presents an opportunity to embed practical 
ethics education in the program. Developing entrepreneurial skills lends itself well to indus-
try involvement and aligns well with existing engineering, commerce, and business programs. 
Entrepreneurship is a potentially powerful way to provide the experiential learning needed for 
ethical character traits to develop within the practical context of industry and business.

The Mechanical and Design Engineering programs at Aston University embed the CDIO 
(Conceive-Design-Implement-Operate) teaching framework (Worldwide CDIO Initiative, n.d.; 
Malmqvist et al., 2022) and the 12 Standards (The CDIO Standards v 2.0, 2010) into the curricu-
lum structure, curriculum delivery, faculty development, and teaching spaces (Worldwide CDIO 
Initiative, n.d.). The curriculum structure puts active learning at the core. It brings to the heart of 
the programs the interpersonal skills taught within a professional teamwork setting to develop 
well-rounded, ethically responsible, and technically competent graduate engineers ready for the 
workplace. The curriculum at Aston University consists of cycles of 12-week team projects that 
address real-world problems within a team-based professional working environment. On comple-
tion of each project, a product or artifact is delivered and tested as part of the assessment. In par-
allel, technical modules or courses provide the technical know-how to support the team projects. 
Within this structure, one of the second-year team projects on ‘designing for the user’ requires 
student teams to develop a consumer product based on a need from a niche user group. The design-
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build-test team project was used in the case study to review the program with the industry stake-
holders. This is where entrepreneurial skills are introduced, and an entrepreneurial pipeline from 
product ideas to incubator funding is introduced to students.

Description of stakeholder engagement

The MBDE group at Aston University has an industrial advisory board that meets quarterly 
to discuss program challenges and strategic developments, drawing on changes and trends 
observed by industrialists on the panel who represent a range of engineering and design sectors. 
This case study, therefore, explores the use of the industrial advisory board to formally review 
the program for Mechanical Engineering and Design Engineering at an operational level. The 
advisory board actively supports the entrepreneurial pipeline by running a voluntary panel event 
where students can pitch their ideas and products. The review process was designed to capture 
the ethical awareness and skills that the industrialists on the panel viewed as most important for 
graduates to know.

In this case, a review form was developed and used to capture reflections for the second-year 
team project on the following areas: assessments, innovation and good practice, learning and 
achievement opportunities, engineering ethics (ethics; sustainability; equality, diversity, and inclu-
sion or EDI), and any other matters or suggestions. The review was conducted in person, with the 
panel visiting the teaching spaces and reviewing the project-based structure, delivery, and artifacts 
produced. The form was completed after the visit, and the academic lead incorporated the reviews 
into the program’s subsequent development. The panel where students volunteered to pitch their 
ideas and products was held after all assessments in the course were completed. This is part of 
the entrepreneurial pipeline where students take on board the feedback and implement changes 
to apply for a local funding opportunity and start-up support available for students in the region.

Analysis of stakeholder engagement

The review highlighted the need to enhance commercial awareness among students in design pro-
jects. It indicated a need for more focus on scoping problems and setting realistic product design 
specifications. The evaluation panel highly valued the practical hands-on elements and team envi-
ronment, validating the importance of working in teams with dissimilar skill sets in industry. 
Working with technicians with experience and know-how was valuable to students’ learning and 
entrepreneurial skills development. There is scope to develop assessments and marking matrices 
around various industry practices, such as measuring against a product design specification. These 
detailed criteria assist students in taking ownership and responsibility for delivering on the product 
requirements they had set.

For the second-year team project, providing design briefs with different corporate objectives 
may also enhance commercial and entrepreneurial awareness, such as considering customization 
versus mass production. These approaches will have associated challenges, including implications 
for finance, human capital, ethical factors, and sustainability.

The panelists drew from their experience working with placement students in their companies. 
One observation was the need to train for external and disruptive factors that impact the critical 
pathway in product development, such as a machine going offline or a standard part no longer 
being available. Industry seeks experience in agility and adaptability to changes. Program devel-
opment actions could include focusing on manufacturing processes, introducing a disruption point 
in the project, or setting hypothetical questions in oral assessments around these factors.



544

Alison Gwynne-Evans, Irene Magara, Esther Matemba, and Sarah Junaid 

In reviewing the program’s ethical considerations and equality, diversity, and inclusion (EDI), 
the industrial panel highlighted the importance of understanding the user, not second-guessing 
what the consumer experiences throughout the stages of drafting specifications, ensuring safety, 
inclusive access, and ergonomics. While these are challenging to implement due to the ethical 
evaluation needed for user-testing work, in-class exercises can be introduced to explore this.

The panel’s recommendations largely concerned the need for additional focus on entrepre-
neurship training and support in defining business and market goals. The ideas pitch event was 
attended by just under 10% of the teams that completed the second-year team-based project. 
This aligns with the national picture, where the total early-stage entrepreneurial activity rate is 
approximately 10% over 2020–2021 (Hart et al., 2022). This correlation may be coincidental. 
However, the number of engineers who become entrepreneurs in their field is small compared to 
engineers working in industry and research. Yet entrepreneurial skills are still sought after within 
small to medium businesses and large corporations where innovation and enterprise activity are 
standard.

Reflection and recommendations

The aim of introducing an industrial program review was to evaluate the program at an operational 
level to bring more practical insights into program delivery from industry and strengthen the entre-
preneurial pipeline for students with ideas and an interest in starting their own businesses. The 
review focused primarily on the nature of assessments, processes, standards, and ethical practices 
used in industry.

The panel’s recommendations concerned additional focus on entrepreneurship training and 
support in developing agility and adaptability via the design process. On evaluating the review, the 
program committee sought to expand on the conceive phase (The CDIO Standards v 2.0, 2010), 
both from an ethical and commercial standpoint, designing assessments that are comparable to 
industry practice and that bring agility and adaptability to the learning experiences to cope with 
changes in a team-project setting. The action from this was to focus more on the early stages of the 
project, where teams are scoping the problem and identifying the users’ needs more deeply, ensur-
ing that critical review cycles occur to refine this phase. This brings a more sustainable and ethical 
approach to product development for the academic team and student learning, thus avoiding costly 
mistakes during the design prototyping stage.

The case study above highlights a method of involving industrial stakeholders more actively 
and practically rather than just at a descriptive and strategic level. This is achieved by engaging 
them in the project’s structure and building entrepreneurial skills, focusing on ethical and com-
mercial considerations. This provides a direct pathway connecting industrial stakeholders as co-
developers of the curriculum to meet the needs of current and future industries. It is thus part of the 
universities’ responsibility to flag ethical practice as part of entrepreneurship support.

Case study 2: University of Cape Town, South Africa: engaging 
the community through service-learning opportunities

Contextual background

This case study examines a curriculum intervention within the Engineering and the Built 
Environment Faculty at the University of Cape Town that engaged with community stakeholders 
over more than 14 years (Massyn & Le Jeune, 2007; Le Jeune & Massyn, 2018). This intervention 
is positioned as a service-learning project incorporating aspects of ethics education that are impos-
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sible within the academic environment. It provides additional assessment opportunities relating to 
ethics education that are inherently distinct from those within the university context.

The initiative is positioned in the first year of the 4-year Construction Management course. 
Whereas engineering programs in South Africa fall under the remit of the Engineering Council 
of South Africa (ECSA) to accredit, Construction Management falls under the purview of the 
Council for the Built Environment (CBE). Both accreditation bodies set out to define and assess 
learning opportunities that contribute to the development of knowledge, skill, and character attrib-
utes required by graduates.

Ethics can be positioned as a key facet of construction management, covering elements such 
as professional conduct, safety, public interest, and sustainability. Consequently, the focus on a 
program intervention requiring community engagement provides a helpful case study of how an 
intervention potentially expands opportunities for ethics education into a practical context.

The first-year community-build project is situated within the South African Council for the 
Project and Construction Management Professions (SACPCMP) program requirement of service 
learning (SACPCMP, Criterion 1) to meet “the needs of students and … stakeholders.” Service 
learning is positioned as a “course based, credit bearing educational experience in which students 
participate in an organized service activity in such a way that meets identified community needs 
so as to gain further understanding of course content, a broader appreciation of the discipline, and 
an enhanced sense of civic responsibility” (Bringle & Hatcher, 2009 as quoted by Le Jeune & 
Massyn, 2018, p. 350). Here community engagement directly contributes to the achievement of 
program outcomes.

This case study is examined in two ways. First, we evaluate how the service-learning interven-
tion provides students the opportunity to identify a range of factors relating to ethical processes 
that contribute to effective engagement within the given community. These include factors such as 
the (co-)determination of objectives, communication with stakeholders, collaborative planning of 
the different stages of the intervention, and the final evaluation of the success of the intervention. 
Second, we examine how the intervention provides the faculty with opportunities to assess the 
ethics education of students as part of the envisaged learning outcomes and the objectives of the 
broader program.

Description of stakeholder engagement

The process of implementing a service project started with the identification of objectives that 
could be achieved through community engagement. These original objectives related to the first-
year syllabus, which covers the practical construction skills required in the building of a double-
story housing unit, including foundations, bricklaying, plastering, and painting, as well as the 
plumbing and electrical first-fix installations (Massyn & le Jeune, 2007).

The service-learning model was part of the practical training requirement for degree purposes 
(SACPCMP). This replaced the requirement of partnering with a skills training organization to 
attain practical skills with an initiative where students were required to contribute to a commu-
nity-build initiative, incorporating a broader range of potential learning outcomes, combining 
technical skill with professionalism and social awareness. It is important to note that at the pro-
ject’s initiation, ethics education and professionalism were not an explicit focus of the assess-
ment.

The delivery of the service project changed significantly over the years and required flexibility – 
from partnering and funding a community-built house for Habitat for Humanity (H4H) to partner-
ing with the Niall Mellon Township Trust (NMTT) company and then through student-activated 
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projects to facilitated community builds. Changes in the organization and management structure 
of the community-build projects were necessitated when the partnership with NMTT ended. This 
resulted in senior students taking up the responsibility of initiating their own community-building 
projects under the guidance of the academic course conveners.

This contrasted the original facilitated community build with student-activated builds. The 
overt, practical focus of facilitated community builds was on factors relating to planning, supervi-
sion, quality control, and physical toll. In addition, there was scope to develop assessments relating 
to ethical reflection, skills including communication, and the ability to identify and contrast values 
such as social or environmental justice as well as to make space for impacting the power balance 
of actors. Here, community stakeholders were recognized and positioned to have knowledge and 
resources to contribute rather than be situated as beneficiaries of the project.

The practical focus of student-activated builds has been on skills and funds – as students 
drive and take responsibility for projects, the level of complexity of the tasks selected needs to 
be appropriate for the students’ current range of skills. As a result, student-activated projects tend 
to focus on managing more straightforward technical tasks such as painting and the layout and 
construction of pathways, rather than the complexities of building. In addition, student-activated 
builds potentially include assessment of professional skills such as project management and 
teamwork.

Analysis of stakeholder engagement

The intervention has undergone significant changes in design and implementation over time, indi-
cating a shift in its approach. Le Jeune and Massyn (2018) noted differences and similarities between 
the initial facilitated community build, which involved building according to the external partner’s 
standards and schedule, and student-activated builds, where students approach external parties and 
identify needs that can be addressed within the project’s constraints and the students’ skill range.

Changes in implementation were the result of a variety of factors, including efficiency, cost, 
and risk, the over-supply of labor (50 students working on one house), an associated shortage of 
production- and learning-related tasks, and the need to weigh up the long-term sustainability of 
the fund-raising required. Progressively, over 14 years, risk-related matters, such as securing the 
safety of students on sites in specific residential locations, were recognized as significant threats 
to the sustainability of the project.

In their reflection on the process of coordinating community builds, Le Jeune and Massyn 
(2018) unpack the project’s contribution in terms of five dimensions relating to skills develop-
ment (skills variety, task identification, task significance, autonomy, and feedback). It is notable 
that ethics and professional skills are not explicitly articulated, although they form part of the 
learning experience. It is important to consider that this is a first-year experience rather than a 
third- or fourth-year level experience. Nevertheless, it would be possible to set provisional tar-
gets regarding the professional skills of learners, such as teamwork, punctuality, and problem-
solving.

Whereas the facilitated builds assessed direct outcomes (such as the completion of a house in a 
specified time period), the student-activated community builds relied on informal and relationship-
based responses to assess the impact of the intervention on the community. At completion, the 
‘handover’ has included members of the community singing and expressing appreciation.

This indicates the range of ways the impact of engineering or construction on a community can 
be measured – through quantitative and technical measures or through qualitative measures such 
as expressing gratitude. This distinction correlates with differences in assessing ethics education, 
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relating to assessing only technical processes or including assessment of reflection on experience 
in a way that surfaces human responses and relationships.

In this case, reflective practice is utilized as an assessment tool that directly relates to the objec-
tive of explicitly building ethics education into the process of community engagement. This brings 
reflection to bear on the impact of community engagement in the broader program and on the 
educational goals relating to ethics. Reflective practice thus contributes to consolidating a deeper 
understanding of the process.

Because engineering necessarily impacts environments and communities, practical experience 
developing the skill to reflect on relational processes as part of ethics education is valuable, as 
this relates to real people in existing communities. This skill of exercising ethical judgment is 
additional to developing the skill of exercising technical judgment pertaining to scientific and 
engineering methods. In this case study, the ethical reflection relates to how community interac-
tions and interventions affect the stakeholders and impact future options.

Reflection and recommendations

Evaluating the potential contribution of this community engagement to the assessment of ethics 
education requires two levels of reflection, firstly regarding the practical choice and organiza-
tion of activities towards students’ educational goals, and secondly the reflection by the students 
on the significance of the experience itself. This case study draws attention to the importance of 
evaluating different facets of the service-learning arrangements in terms of skills developed. At the 
same time, it raises the equally vital requirement to foreground the students’ learning relating to 
decision-making and judgment that connects to practical ethics education beyond the basic level 
of knowledge.

Learning objectives must be explicitly formulated to address ethical responsibility competen-
cies in community engagement projects aligned to engineering program delivery. These objectives 
must be translated into explicit learning activities and assessment designs to incorporate and build 
on students’ ability to reflect on their experiences.

Case study 3: Mbarara University of Science and Technology, 
Uganda: work experience through industrial internship

Contextual background

The Faculty of Applied Sciences and Technology (FAST) Strategy and Implementation Plan at 
Mbarara University was conceived in 1998 by the vice chancellor, Professor F. I. B. Kayanja, and 
initially documented by Stephen J. Palmer, a visiting engineer. The faculty’s overall vision was to 
be a center of excellence in the provision of quality training and promotion of research in applied 
and multidisciplinary science and technology (Mbarara University of Science and Technology, 
2023). This case study is based on preliminary research on the contribution of the work experience 
initiative.

This training involves industrial internship opportunities offered to students during their second 
and third years of the engineering program. FAST has five undergraduate programs in biomedical, 
electrical and electronics, civil, mechanical, and petroleum engineering.

The goal of industrial internships is to instill a culture of work and ethical practice in engineering 
students (FAST, 2021). Industrial internships involve collaboration between the university and indus-
try, where internship placements are offered to students for 2 months as a requirement for fulfilling 
their undergraduate program at the end of their second and third years in the engineering program.
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Description of stakeholder engagement

Stakeholder engagement at FAST, regarding the students’ industrial internship program, starts with 
identifying key stakeholders, namely students, industry partners, university faculty members, and 
other relevant stakeholders, including regulatory and professional bodies. After stakeholder identifi-
cation, engagements between faculty and industry regarding the assessment of the industrial intern-
ship program in preparing students for ethical engineering practice involve the design of assessment 
rubrics and gathering feedback at the end of the training period using surveys and in-person meetings.

Regarding assessment requirements, this initially entailed faculty circulating a rubric requiring 
no direct engagement from industry. Through interaction between the faculty and industry, the lack 
of clear parameters to the rubric was identified as a shortcoming in assessing the ethical compo-
nent of the skills developed during the internship.

The faculty realized that the rubric was inadequate, and thus, they decided to collaborate with 
the industry to improve it. Companies were approached for input based on their size (more than ten 
placements) and their time associated with the faculty. This engagement resulted in a new rubric. 
Four cohorts have been assessed using the new rubric design so far.

The assessment process of students involves three areas: the university supervisor’s assessment 
weighted at 45%, the assessment of the students’ technical report writing at 30%, and the industry 
supervisor’s assessment at 25%. The evaluation of the students’ ethical and professional skills is 
conducted using the two reports from the university and industry supervisors, which constitute 
70% of the total assessment process. This assessment covers communication skills, problem-solv-
ing, self-management and development, time management, and teamwork, which, when com-
bined, align well with ethics education. The technical report, constituting 30%, is compiled by the 
student to reflect on their technical skills learning.

In line with answering the needs of the key stakeholders through the industrial internship pro-
gram, FAST interacts with industry partners through in-person meetings and surveys to identify 
the skills, knowledge, and experience related to ethics that industry partners value in interns. This 
information is later used during engineering curriculum review to tailor the ethics course to indus-
try needs. The same engagement model is used between regulatory and professional bodies and 
FAST to promote ethical standards of the students throughout the curriculum. It is worth not-
ing that professional bodies such as the Uganda Institute of Professional Engineers (UIPE) and 
Engineers Registration Board (ERB) are passionate about ethical practice and hold workshops in 
universities in the form of sensitization.

Analysis of the stakeholder engagement

In line with industrial internship, the current approach demonstrates a commitment to ensuring that 
the program prepares students for the realities of the engineering profession, including the ethical 
considerations that are important in the workplace.

The primary areas of stakeholder engagement at FAST involve gathering feedback through sur-
veys and in-person meetings from key stakeholders such as industry partners and regulatory and 
professional bodies. These surveys and in-person meetings are designed by university staff and 
administered to the above stakeholders. This information or feedback is currently solely used for 
curriculum review improvement. It is essential to recognize a variety of areas where this informa-
tion could be helpful, such as in policy formulations regarding ethical practice in the world of work.

The initial approach at FAST recognized the possibility of bias and limited perspectives in 
the feedback gathered. The need to incorporate additional perspectives was identified to mitigate 
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this, and industry stakeholders were onboarded to provide input on the rubrics to reflect industry 
requirements.

Based on the in-person feedback from industry and students’ grades, preliminary evidence 
suggests an improvement in ethical conduct relating to communication skills, self-management, 
development, and problem-solving using the revised rubric.

Reflections and recommendations

Stakeholder engagement is critical to ensuring the effectiveness of industrial internship programs, 
and it is crucial to create a space where stakeholders can contribute to the assessment process.

It would be helpful to revise the new rubric and the role of the weighting of the industry 
supervisor’s assessment further, recognizing the potential effect of external evaluation of practical 
components of ethics education.

The description of stakeholder engagement at FAST highlights the importance of gathering 
feedback from various stakeholders to ensure that the program answers their respective needs 
and expectations. This requires critical engagement with the learning objectives of the industrial 
internship program, thus creating additional opportunities to assess the ethical components that 
contribute to students’ work readiness.

Whereas the current methods for gathering feedback on the level of professional and ethical 
skills demonstrated by the students are effective, FAST may need to consider expanding the range 
of stakeholder feedback to include students. This can be done by requiring student reflection as an 
assignment or course evaluation.

In conclusion, the stakeholder engagement approach at FAST has yielded improved assess-
ment rubrics for the industrial internship and increased student internship placements proffered 
by industry to the university. This comes despite the competitive nature of these positions and the 
increasing number of universities offering engineering programs. In an internship program, feed-
back and reflection from relevant stakeholders are seen to be effective in enhancing the acquisition 
of ethical and professional skills and knowledge.

Case study 4: University of Cape Town, South Africa: industry 
engagement as part of the professional practice course

Contextual background

In South Africa, the civil engineering industry is regulated under the Engineering Council of South 
Africa (ECSA) and the Council of the Built Environment (CBE), where industry bodies, such as 
the South African Institute of Civil Engineers (SAICE), play an essential role in establishing a 
culture of ethical compliance and professionalism. Members of the professional industry bodies 
are expected to mentor graduate engineers into the profession. Standards and objectives for ethi-
cal conduct are laid out in the Engineering Council of South Africa’s (ECSA) Code of Conduct 
(ECSA, 2017) and the South African Institute of Civil Engineering’s (SAICE) Code of Ethics 
(SAICE, 2016).

Civil engineering students at South African universities must gain practical experience at a 
working engineering construction site as part of the undergraduate civil engineering program. 
Within the Civil Engineering Department of the Faculty of Engineering and the Built Environment 
at the University of Cape Town, site experience is positioned within a fourth-year Professional 
Practice course. As a fourth-year capstone course, the course evaluates 5 of the 11 graduate out-
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comes (ECSA, 2020) built up during the previous years. The five graduate attributes (GAs) that 
are assessed within the course are:

• GA6 – Professional Communication
• GA7 – Impact of Engineering on the Environment
• GA8 – Individual, Team and Multidisciplinary Working
• GA10 – Engineering Professionalism
• GA11 – Engineering Management

Of these, GA10, Engineering Professionalism, is considered the area where ethics is explicitly 
assessed, but as will be evidenced, there are areas of alignment across all five of these GAs.

The Professional Practice course includes engineering project management principles and pro-
cesses; the roles and responsibilities of the different parties, the client, consultant, and contractor; 
and the elements that form part of an engineering project’s life cycle. Students must engage with 
their professional and ethical responsibilities and duty of care, as outlined in the engineering regu-
lator and the industry body’s requirements and codes.

Within the course, learning takes place in terms of a combination of conventional lectures, 
applying and practicing skills, experiential learning on a construction site, and preparing and 
submitting several individual and group assignments over the semester (Gwynne-Evans, 2018). 
The course requires students, working in groups, to visit the construction site and, using the 
knowledge and insight they have gained on the course, to reflect on their experience in terms of 
professional practice requirements. This includes but is not limited to the desk study, site inves-
tigation, scope of work, feasibility study, health and safety, approvals, and regulatory require-
ments. This study, experience, and reflection are translated into a group report covering the 
different aspects. In addition, individual and group assignments require critical and reflective 
engagement with varying areas of professional practice, explicitly relating to teamwork, com-
munication, professionalism, and ethics. Guest seminars profile representatives of engineering 
regulatory and industry bodies and representatives from cutting-edge national engineering pro-
ject sessions. At the end of the course, students produce a group presentation that reflects on 
areas of the report and relates it to their experience on-site and in interactions with the engineer-
ing professionals and site staff.

Description of stakeholder engagement

The stakeholders in this case study include the students, faculty and departmental leadership, regu-
latory and industry bodies in achieving the graduate attributes, and the industry professionals and 
contractors involved in the course and on-site.

Students are placed in groups of five or six and allocated to an active engineering site. The 
group is provided with the contact details of the site liaison person. It is required to make contact, 
set up a site visit, comply with safety protocol, arrange transport for the group, and communicate 
professionally with the different parties. Information, documents, and photographic evidence from 
the site visit must be built into the final report and assignments relating to the individual graduate 
attributes – subject to individual site authorities’ restrictions on documents or photographs.

The industry stakeholders that the students liaise with may be private or public-sector engineers 
or consultants. The engagement relies on long-term relationship-building, where the university 
course convener and liaison persons build and maintain respectful and bounded relationships with 
the engineering firms over time so that student groups will be welcomed and accommodated over 
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multiple years. In the short term, this requires a level of trust in the professionalism and judgment 
of the students in their interactions on-site. Student groups experience differences in emphases 
and degrees of support depending on the scope and stage of the engineering project. Students 
liaise with the engineering companies, drawing on their developing professional communication 
and teamwork skills and principles and understanding of professionalism and ethics. Students are 
expected to relate and reflect on their experience of the site and the processes and principles that 
form the basis of the project report and the assignments.

Currently, there is no explicit requirement for industry stakeholders to contribute to determin-
ing the course or assessment objectives or outputs outside of their own internal processes regard-
ing visitor protocol and safety while on the site. There is also no explicit requirement for industry 
stakeholders to reflect on the value of the experience for their own structures and processes.

Analysis of stakeholder engagement

The engagement between the university and industry stakeholders in the Professional Practice 
course relies on a respectful and ongoing relationship, extending to the relationship with the engi-
neering contractors and consultants. It requires compliance with industry standards and site proto-
cols, which allows for supported experiential learning and mentorship.

The implementation of processes to involve student groups explicitly reflecting on profes-
sional and ethical practice takes place in terms of the five graduate attributes assessed within the 
capstone course. These graduate attributes form part of the 11 graduate attributes in which the 
engineering regulator (ECSA) requires students to attain competence and understanding prior to 
graduation.

Within the course, there are multiple areas where the students are assessed on ethics and profes-
sionalism in the context of stakeholder engagement, including:

• The initial group planning around teamwork and professionalism early in the course;
• The reflection on their teamwork experience during and at the end of the course;
• Critical engagement with and reflections on the scope and relevance of the engineering pro-

fessional code to the engagement with professionals on the site;
• Integrating theoretical knowledge with on-site experience in four reflective essays on the 

graduate attributes;
• The professional requirements involved in rehearsing and presenting the group presentation 

to portray the significance of the learning from the site experience; and
• Professional presentation of the draft and final versions of the report – in terms of content 

and effectiveness in covering areas relating to the scope, roles, and management of the spe-
cific project.

Together, these assessments evaluate a wide range of professional skills and knowledge, building 
into the students’ understanding of professionalism and ethics necessary for professional practice 
based on their experience on the construction site.

Although there are no explicit requirements for industry stakeholders to provide input on the 
course assignments, the current processes potentially offer a model to stimulate explicit involve-
ment from industry in setting objectives for the interaction. This involvement can potentially 
feed into the firm’s processes and priorities, emphasizing modeling and promoting professional-
ism and ethics in site interactions – those that relate to the student visitors and the company’s 
processes.
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Reflection and recommendations

Student learning relating to ethics and professionalism occurs through formal input within the 
university and experiential learning on-site. Students learn from their engagement with practicing 
professionals about professionalism and what protocol is required. Reflection on both formal and 
informal learning must be articulated through the assessment process and the assignments, requir-
ing reflection and consolidation of the experiences on-site and the interactions with professionals 
in the field.

Input from industry stakeholders into the professional practice course currently takes place 
through the formal accreditation process of the engineering program by the industry regulator, in 
this case, the Engineering Council of South Africa (ECSA), that takes place every 5 years.

There is currently no requirement for industry to provide input or feedback on the interaction 
with the student groups, and no industry-based report is required. There may be the potential for 
the engineering firm to provide ongoing, general feedback on the students’ professionalism level. 
This could provide a model that stimulates self-reflection and assessment of the students and 
the company’s own processes. This could potentially emphasize the importance of modeling and 
promoting professionalism and ethics during on-site interactions, which could support the engage-
ment process through site visits by undergraduate groups.

This analysis and reflection demonstrate the potential of university and industry stakeholder 
engagements to positively impact the assessment of professionalism and ethics both within the 
university and within industry engagements. This can contribute to broader industry awareness of 
the need for and value of professionalism and ethics, potentially impacting the industry stakehold-
ers’ processes and values.

Conclusions

The focus on stakeholder engagement in engineering programs recognizes the potential instru-
mental and normative benefits of that engagement in terms of determining principles of engage-
ment and evaluating the outcomes of the engagement. The four case studies presented in this 
chapter demonstrate how interactions with stakeholders beyond the academic environment 
provide opportunities to develop synergies that can potentially strengthen the development and 
assessment of ethics education for engineering students. Whereas theoretical knowledge tested 
within the university can assess knowledge about ethics as content, reflection on experience 
allows for consideration of a broader range of elements related to ethics education, including 
interpersonal skills and leadership, values, and attitudes. This anticipates that the collaboration 
with external stakeholders benefits the different stakeholders so that there is mutual learning 
and mutual contribution. Table 30.1 contrasts different elements of the stakeholder engagement 
process, indicating a direction to evaluate opportunities for stakeholder engagement as poten-
tial sites for assessing ethics education. Our analyses in the case studies suggest it is crucial to 
foreground a process that enables external stakeholders to explicitly articulate their interests and 
values alongside those of the university in formulating and assessing educational goals. It is also 
essential to recognize the university’s interdependence with stakeholders in the setting and the 
achievement of goals relating to ethics education.

Engineering programs in many parts of the world are not explicitly required to assess their 
engagement or interaction with stakeholders outside the formal accreditation process. The require-
ment that engineering programs engage stakeholders anticipates that this engagement can provide 
a normative model of the process and outcomes. This can be potentially valuable to students as 
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they negotiate their own learning, connect to professional responsibility, and positively impact the 
industry stakeholders’ own processes.

Multiple external stakeholders exist in a university engineering program. These include gov-
ernment, accreditation bodies, professional organizations, industry, local authorities, public ser-
vices, non-governmental organizations (NGOs), and communities external to (or associated with) 
engineering communities. Each of these stakeholders has particular and potentially overlapping 
interests in the engineering program and distinct contributions to make.

Opportunities for deepening ethics education are evident across various stakeholder engage-
ment initiatives in the undergraduate engineering curriculum, including areas where the focus is 
on technical engineering knowledge. The case studies presented in this chapter demonstrate how 
stakeholder engagement potentially provides opportunities for ethical reflection and learning relat-
ing to professional responsibility. These opportunities to experience and reflect on professional 
practice must be explicitly integrated into program design so they feed into learning objectives 
and assessment practices.

How stakeholders are engaged and profiled in the engineering program is crucial to how the 
ethical responsibility of engineers is defined and communicated. This includes how the university 
positions itself to engage with stakeholders – as an authority or as a partner – and how the engage-
ment process models values and attitudes. Similarly, choices relating to how ethics education is 
assessed, either individually or as teams, potentially emphasize responsibility as individual or 
shared.

These engagements provide critical opportunities for students to reflect on how engineer-
ing responsibility is connected to and practiced within communities rather than in isolation. 
Stakeholder engagement thus needs to be recognized as playing a potentially important role in the 
setting, achievement, and assessment of the objectives of engineering programs explicitly relating 
to ethics education and engineering responsibility.
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Introduction

Ethics is central to engineering. Highlighting the importance of engineering ethics assessment, it 
is crucial to assess the effectiveness of engineering ethics education, ensuring it has its intended 
effects. As previous chapters have noted, the intended impact of ethics education has tended to 
involve moral cognition, including ethical knowledge, awareness, sensitivity, judgments, reason-
ing, attitudes, values, and so on.1 Initiatives conducted to date, although useful as first steps, have 
had three related shortcomings: it is unclear whether (1) measures meant to assess the effective-
ness of engineering ethics education measure what they should, namely, behaviors and whether, 
therefore, these measures are valid; (2) these measures can be used across different cultural groups 
or are, hence, reliable; and (3) such measures adequately incorporate insights and methods from 
moral and cultural psychology.

This chapter is divided into three parts to address these issues. First, it explains why ethical 
behaviors should be (but have not been) the goal of engineering ethics education. Next, it outlines 
why using measures of engineering ethics assessment across different cultural groups would be 
problematic. Finally, it explores how insights and methods from moral and cultural psychology 
shed light on and could be used to address these shortcomings, mentioning examples of such work 
in China and Japan.

Engineering ethics assessment and behaviors2

As previous chapters have noted, assessment in engineering ethics education has focused on moral 
cognition. Here, ‘moral cognition’ refers to cognitive processes and contents related to moral-
ity and ethics, including ethical knowledge, awareness, sensitivity, judgments, reasoning, atti-
tudes, values, and so on. However, adopting these as the goal of engineering ethics education is 
misguided, and therefore, these measures would be invalid insofar as they fail to measure what 
they should. Although moral cognition is often conceived as precipitating and resulting in ethical 
behavior, research into moral psychology calls into question this common-sense understanding of 
their relations.
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Criticisms of engineering ethics assessment

This section argues that moral cognition should not be the ultimate goal of engineering ethics 
education and, therefore, that these measures are invalid, broadly conceived.3 Rather, the ultimate 
goal of engineering ethics education should be ethical behaviors. To support this claim and point 
towards an alternative, this section explains why ethical behaviors should be adopted as the goal 
of engineering ethics education. We then outline why ethical behaviors have not been adopted as 
the goal of engineering ethics education. How ethical behaviors might connect to cognitive aspects 
mentioned before – like values and attitudes – is further discussed near the end of this chapter.

Why should behaviors be the goal of engineering ethics education?

Behaviors should be the goal of engineering ethics education since it is only through behaviors 
and actions that engineering and engineers affect the world. For example, the ethical knowledge 
that a mechanical engineer possesses regarding the case of the Ford Pinto counts for nothing if 
that engineer, nevertheless, designs a compact car with a poorly insulated gas tank. Similarly, a 
lack of moral awareness among a team of nuclear engineers about the case of Chernobyl would 
be insignificant if that team still successfully carried out routine tests of a nuclear reactor without 
incident. Ultimately, it is only through behaviors and actions that engineering and engineers affect 
the world. This is reflected in professional codes of ethics.

Professional codes of ethics emphasize behaviors and action – for instance, using knowledge 
and skills, performing services, acting in professional matters, and so on (ASME, 2012). Although 
engineering ethicists have emphasized the importance of virtues – in other words, the importance 
of not only behaving but also of being a certain way (Frigo et al., 2021; Harris, 2008) – it is hard to 
see why one should care about virtues in the absence of the behaviors they produce, for instance, 
why one would care about honesty as a virtue aside from the fact it results in truth-telling (Greene, 
2014).4 Presumably, the behaviors and actions of engineers are also what the public cares about. 
This claim is supported by understandings of ‘professions’ and ‘professionalism’ used in engineer-
ing ethics and other branches of professional ethics, such as medical, legal, and educational ethics 
(Davis, 2021).

Professions mediate the public’s relationship with engineers. Like professional bodies for 
doctors, lawyers, and teachers, professional engineering organizations mediate the relationship 
between individual professionals and society, for example, through the establishment of tech-
nical guidelines, professional licensing, and educational accreditation (Luegenbiehl & Clancy, 
2017). Although professional organizations and formation vary by country and field of engineer-
ing (Didier & Derouet, 2013; Iseda, 2008; Luegenbiehl, 2004), in places with and fields having 
professions, professions must be responsive to the concerns of citizens in the work they do.5 In 
the absence of this concern, the field of engineering would cease to exist, and engineers would 
be unemployed; if engineers and engineering did not, overall, make the world a better place, then 
no-one would want the products, processes, and services for which they are responsible (Davis, 
2021). Hence, insofar as this concern motivates the engineering profession and professional codes 
are meant to address these concerns, the behaviors and actions of engineers are what the public 
ultimately cares about, rather than their ethical knowledge, awareness, and so on.

If the behaviors and actions of engineers are what matter, then why haven’t ethical behaviors 
and actions been adopted as the goal of engineering ethics education and, therefore, assessment? 
Why have different forms of moral cognition been adopted as the goal of engineering ethics educa-
tion and assessment?
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Why haven’t ethical behaviors been adopted as the goal?

There are at least two reasons ethical behaviors and actions have not been adopted as the goal of 
engineering ethics education and assessment. The first is the assumption that ethical behaviors 
follow naturally and unproblematically from moral cognition (Fleddermann, 2012) – that ethical 
behaviors would follow by adopting moral cognition as the goal of engineering ethics education. 
However, a growing body of work from the psychological and behavioral sciences has called into 
doubt any simple or straightforward causal relation between antecedent moral cognition and sub-
sequent ethical behaviors.

If moral cognition resulted in more ethical behaviors, then professional ethicists – arguably 
the most knowledgeable about ethics and capable of ethical reasoning – would behave the most 
ethically. However, research has consistently failed to find evidence to support this conclusion 
(Schönegger & Wagner, 2019; Schwitzgebel & Rust, 2014). Not only is ethical reasoning not 
associated with ethical behaviors (Harding et al., 2007), but it is also associated with more unethi-
cal behaviors (Bay & Greenberg, 2001; Ponemon, 1993). Further, considerable research has found 
that ethical judgments are associated with ‘moral intuitions,’ closer in nature to emotions than to 
reasoning (Greene, 2014; Haidt, 2012; Roeser, 2018), and that behaviors are often affected by 
unconscious, environmental factors (Bazerman & Tenbrunsel, 2012; Doris, 2005). Rather than 
conscious, rational, and reflective processes, individual behaviors are often driven by implicit 
expectations regarding what others do and what others think others should do (Bicchieri, 2016; 
Kahnemann, 2011). Failing to account for these (somewhat counter-intuitive) characteristics of 
ethical behaviors and moral cognition is one of the main reasons that behaviors have not been 
adopted as the goal of engineering ethics education and assessment.

The second main reason concerns difficulties associated with adopting ethical behaviors as the 
goal of engineering ethics education and assessment. These difficulties are both theoretical and 
practical, having to do with the nature of ethical behaviors and how they would be assessed.

Regarding the first, what it means to ‘behave ethically’ regarding engineering is ambiguous. 
People often disagree about what it means to behave ethically, a position known in academic phi-
losophy as descriptive ethical relativism (Rachels, 2001). Further, conceptions of ethics – under-
stood in terms of what should or should not be done and what it means to be good – are affected 
by social and cultural factors (Henrich, 2020; Nisbett, 2010; Rachels, 2011). This is especially 
important to engineering ethics since engineering is increasingly cross-cultural and international, 
with people from different backgrounds working together as never before (Clancy & Zhu, 2022; 
Wong, 2021). Hence, because of the global environments of engineering and cultural differences, 
conceptions of ethics are likely to clash. The extent to which there is something fundamental and, 
therefore, global to ethics in engineering, or whether cultural differences segment conceptions, 
is an open, ongoing debate between what Clancy and Zhu (2022) have termed ‘universalist’ and 
‘particularist’ approaches to engineering ethics. In addition to these cultural differences, there are 
reasons specific to engineering that would make it difficult to specify the nature of ethical behav-
iors in engineering.

From the perspective of common-sense ethics – in other words, understandings of right and 
wrong in non-professional, lay terms – what it means to ‘behave ethically’ in engineering could 
be counter-intuitive (Stappenbelt, 2013). This counter-intuitive character stems from the nature of 
engineering, first and foremost, the specific duties and obligations that follow from and are attached 
to the professional roles engineers occupy. What it means to ‘behave ethically’ as an engineer could 
differ from and demand more than what it means to ‘behave ethically’ as a non-professional lay-
person. For example, given their tremendous potential impact on public safety, it is essential that 
engineers only perform within their areas of competence – this is a typical entry within professional 
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engineering codes, even across national and cultural groups (Luegenbiehl, 2010; Luegenbiehl & 
Clancy, 2017). Failure to do so could have negative impacts on public safety. For similar reasons, 
engineers must engage in lifelong learning. However, these types of duties are different from and 
could appear counter-intuitive from the perspective of common-sense ethics. The relation between 
not harming people, lifelong learning, and only performing within one’s area of competence might 
not be clear. Perhaps as a result, engineering students have ranked these as the least important 
professional duties (Stappenbelt, 2013). However, they are undoubtedly among the most important 
from the perspective of professional codes and, therefore, the organizations, practitioners, and pub-
lic they represent. The same could be true of technical and regulatory guidelines, where very small, 
seemingly insignificant differences could have vast and dire consequences (Luegenbiehl & Clancy, 
2017; Zhu et al., 2022). Similar difficulties stem from the intrinsically novel nature of engineering, 
the fact that engineering involves technology, and that technology brings into existence situations 
that did not exist before.

As a result, it is difficult to specify what it would mean to ‘behave ethically’ in these novel 
situations, a problem associated with the ‘engineering as social experimentation’ paradigm (Van 
de Poel, 2016, 2017). As a result of these difficulties, some have argued it would be impossible to 
know or, therefore, teach ethical behaviors, which is why ethical behaviors should not be adopted 
as the goal of engineering ethics education (Baum, 1980; Van de Poel et al., 2001).6 However, even 
if the nature of engineering ethical behaviors could be precisely specified, practical difficulties are 
involved in adopting behaviors as the goal of ethics education.

The most important of these difficulties would be the ability to track long-term ethical behav-
iors, assessing how they are affected by different kinds of engineering education. Ideally, groups 
of engineering students could be separated into experimental and control groups during their first 
year of university. Students in the experimental group would receive ethics education, whereas 
those in the control group would not. They would then be tracked throughout their university and 
professional careers, seeing which ones engaged in more (un)ethical behaviors, while controlling 
for other potentially confounding factors. Obviously, such a procedure would be both unethical 
and untenable: unethical as it would deny ethics education to one group of students, and untenable 
as such a procedure would require a tremendous expenditure of resources. In sum, those are addi-
tional practical difficulties associated with adopting ‘ethical behaviors’ as the goal of engineering 
ethics education.

Engineering ethics assessment and bias

In addition to problems of validity discussed above, measures of engineering ethics assessment 
potentially have problems of reliability.7 This section argues that measures of engineering ethics 
assessment are unlikely to be reliable because of cultural biases. These biases stem from where 
and how engineering ethics has developed – the ways it has been conceived and the people by 
and with whom these measures have been developed. To support this claim and begin to delineate 
alternatives, this section starts by identifying sources of bias within engineering ethics education, 
and moves on to locate sources of potential bias in the populations by and with whom measures of 
engineering ethics assessment have been developed.

Why and how is engineering ethics biased?

As a systematic and reflective study discipline, engineering ethics began in the United States and 
has evolved (primarily) in the Western world (Clancy & Zhu, 2022; Davis, 1995). This is prob-
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lematic since there are features of engineering in the United States that are not true elsewhere 
and do not easily transfer – for example, the professional nature of engineering (Iseda, 2008; 
Luegenbiehl, 2004) – even within exclusively Western contexts (Didier & Derouet, 2013; Van de 
Poel & Royakkers, 2011).

Engineering ethics education has tended to be professional and applied, familiarizing students 
with professional codes of ethics and/or philosophical, ethical theories (Clancy & Zhu, 2022; Harris 
et al., 1996; Hess & Fore, 2018). Principles contained in these codes and theories are then applied 
to resolve ethical issues that appear in engineering case studies, typically involving disasters and 
taking place in the United States (Barry & Herkert, 2015; Harris, 2008; Harris et al., 2018; Van de 
Poel & Royakkers, 2011). However, this way of thinking about and teaching ethics is particular 
to a relatively recent Western cultural tradition. By contrast, in Eastern and ancient Western phi-
losophy, the focus has been on what it means to be and become good (Ivanhoe & Norden, 2005; 
Pierre Hadot, 1995). In recent years, the Western professional and applied case-study approach to 
engineering ethics has begun to change. Engineering ethicists have increasingly emphasized virtue 
and care ethics and non-Western ethical theories and perspectives (Fleddermann, 2012; Van de 
Poel & Royakkers, 2011; Zhu, 2010). Additionally, more case studies are now available that focus 
on incidents and engineering work that has occurred and is occurring outside the United States 
(Luegenbiehl & Clancy, 2017; Van de Poel & Royakkers, 2011). Such efforts could be understood 
as attempts to decolonize the engineering curriculum (Fomunyam, 2017, 2019). Additionally, more 
recent case studies have been ‘aspirational’ in nature, focusing on engineers doing the right thing 
(Harris et al., 2018).

How and why are measures of engineering ethics assessment biased?

Due to the biases noted above, measures to assess engineering ethics education could be similarly 
biased. Measures of ethical knowledge, awareness, and so on have been developed by and with 
scholars working primarily in the United States. However, there are good reasons for thinking that 
individuals who belong to this group are poorly representative of global populations and, there-
fore, that using such measures with non-US groups would be problematic. It is unclear whether 
measures of engineering ethics would assess the same things with non-US groups or, therefore, 
whether these measures would be reliable.

The United States is what some have called a ‘WEIRD’ (Western, educated, industrialized, 
rich, and democratic) culture. Relative to global populations, samples from WEIRD cultures are 
consistently outliers on various psychological and social factors, including self-concepts, thought 
styles, and ethical reasoning (Henrich, 2020). Versus WEIRD cultures, East Asian populations, 
for instance, tend to think of themselves in interdependent rather than independent terms, rea-
son holistically rather than analytically, and make ethical judgments based on the outcomes of 
behaviors rather than the intentions of agents (Feinberg et al., 2019; Nisbett, 2010). These general 
cultural differences provide good reasons for thinking that significant differences regarding engi-
neering ethical knowledge, awareness, and so on would also exist.8

Where comparative data is available, it has been found that non-US students perform worse on 
measures of engineering ethical reasoning than their US counterparts and that they make smaller 
gains because of ethics education (Borenstein et al., 2010; Canary et al., 2012). However, it has 
been unclear whether this results from cultural differences, linguistic competence, or some combi-
nation of both. Addressing these and related questions is extremely important, given the increas-
ingly cross-cultural and international nature of engineering.
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Engineering ethics assessment and improvement

To address the issues of validity and reliability discussed above, those working in engineering 
ethics should draw from insights and methods from moral and cultural psychology. These fields 
have resources that could be used to address issues related to ethical behaviors and cultural biases 
in engineering ethics education and assessment. This third section outlines how these insights and 
methods could be used to address such issues and areas where they have already been applied and 
are being applied.

What role can moral and cultural psychology play?

Moral and cultural psychology have resources that could be used to address both theoretical and 
practical difficulties associated with adopting behaviors as the goal of engineering ethics educa-
tion. Moral and cultural psychology are empirical, descriptive disciplines concerned with con-
ducting research to describe what and how people think about matters of right and wrong and 
how these are affected by culture (Doris, 2010; Doris et al., 2017; Heine, 2016). The process of 
studying and describing what and how people think about right and wrong can be understood in 
contrast to those of philosophical and applied ethics, which are theoretical and prescriptive, con-
cerned with engaging in reflection to prescribe how and why people should think and behave. As 
such, moral and cultural psychology have resources for addressing the natures of and differences 
between conceptions of right and wrong behaviors across cultures, addressing both theoretical and 
practical difficulties explained above (see Chapter 10 for more).

Theoretically, insights and methods from moral and cultural psychology can assess what people 
think about issues of right and wrong, as well as similarities and differences between cultural and 
professional groups. This is one of the ways these fields, their insights, and their methods would 
be relevant to engineering ethics education assessment cross-culturally. For example, large-scale 
research has found that individuals who identify as politically liberal and are from WEIRD cul-
tures tend to prioritize care and fairness when they think about what it means to be ethical. In 
contrast, individuals who identify as politically conservative and are from non-WEIRD cultures 
tend to prioritize not only care and fairness but also loyalty, authority, and sanctity (Graham et al., 
2009; Graham et al., 2011; Kim et al., 2012; Talhelm et al., 2015; Zhang & Li, 2015). Although 
care and fairness appear to be universal features of moral cognition, how people conceive of and 
practice these could differ between cultural and professional groups. Understanding the effects of 
professional education/training in general could help to understand and assess the impact of engi-
neering ethics education specifically.

For instance, when confronted with dilemmas involving the allocation of scarce resources to 
care for patients, hospital administrators are more likely to make outcome-based, ‘consequen-
tialist’ decisions than doctors and members of the public – sacrificing one individual to allocate 
more resources among many (Ransohoff, 2011). Similarly, rates of reported cheating are higher 
among business students than engineering students and higher among engineering students than 
humanities and social-sciences students (Harding et al., 2012; McCabe et al., 2001). This indi-
cates that professional education and formation can affect ethical judgments like culture can. 
However, where, how, and why this occurs are unclear; the effects of professional cultures on 
ethics are understudied. Additional work would be necessary to determine if and how concep-
tions of ethics among engineers are different from those of the public, as well as how these 
are affected by national cultures. Such research has been carried out with Chinese engineering 
students.
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China is now a significant engineering country, graduating and employing more science, 
technology,  engineering, and mathematics (STEM) majors than any other country. In recent years, 
China has invested significantly in engineering ethics education. The Ministry of Education (MOE) 
now requires the course ‘Engineering Ethics’ in all engineering Master’s programs (Ministry of 
Education PRC, 2018). Additionally, many engineering universities now offer courses related to 
engineering ethics at the undergraduate level. Coupled with the increasing influence of China on 
the world stage, understanding the ethics of Chinese engineering students is essential.

To do so, teams have translated and administered measures of engineering ethical reasoning, 
such as the Engineering and Sciences Issues Test (ESIT) (Borenstein et al., 2010), and moral 
intuitions, like the Moral Foundations Questionnaire (MFQ) (Graham et al., 2011), to groups of 
Chinese engineering students (Clancy, 2020, 2021; Clancy & Hohberger, 2019; Clancy et al., 
2022). The results of these studies have been significant.

For example, previous results mentioned above – showing smaller gains in ethical reasoning 
among non-US students – seem to result from linguistic competence rather than cultural differ-
ences. In two recent studies, non-native but high-level English-speaking Chinese students made 
significant gains in their ethical reasoning abilities, similar to their US counterparts (Clancy, 2020, 
2021). These results are supported by the fact that the structure of ethical reasoning among Chinese 
students is similar to that of their foreign counterparts: one can discern in responses to the ESIT the 
same structure of pre-conventional (self-based), conventional (rule- and law-based), and post-con-
ventional (universal principles–based) reasoning that one finds in responses to the ESIT from the 
culturally WEIRD, US participants with which the instrument was developed. This is even though 
cultural psychologists have called into question the existence of this pre-c onven tiona l/con venti onal/ 
post- conve ntion al taxonomy of ethical reasoning among East Asian populations (Hwang, 2012).

Just as the fields of moral and cultural psychology have resources that could help address theo-
retical difficulties associated with adopting behaviors as the goal of engineering ethics education, 
so too do they have resources for addressing practical challenges. Work on moral and cultural 
psychology could do so by better understanding relation(s) between ethical behaviors and other 
relevant factors that measurements have been developed to assess, such as ethical knowledge, rea-
soning, and so on. Such research would be helpful beyond engineering ethics – since engineering 
ethics is not the only field that neglects the relation between ethical behaviors and other relevant 
factors.

There is a lack of study regarding the relationship between ethical behaviors and moral cogni-
tion in moral psychology, where studies tend to focus on ethical behaviors or moral cognition and 
less on the relations between them (Ellemers et al., 2019; Villegas de Posada & Vargas-Trujillo, 
2015). Although the field of engineering ethics education currently lacks theoretical and empirical 
resources for addressing this gap, moral psychology has such resources. In recent years, scholars 
in moral psychology have begun to address the gap by, for example, pairing psychological meas-
ures of moral cognition with economic games to precisely quantify and assess the behaviors of 
individuals (Miranda-Rodríguez et al., 2023). Moreover, simply because ethical knowledge, rea-
soning, and other facets of moral cognition are insufficient conditions of ethical behaviors does not 
mean they are unnecessary. Future research should further study these relations, for instance, iden-
tifying proxies for or predictors of ethical behaviors. Engineering ethics and education scholars 
would be well positioned to do so by studying lab spaces and attending workshops in universities.

Labs and workshops in universities can be conceived and studied as microcosms of larger engi-
neering work environments. Although these spaces are smaller and simpler than their corporate 
or government counterparts, they involve technical work, its practical applications, deadlines and 
budgets, and social relations and hierarchies that affect technical work. As such, university labs 
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and workshops could be used as touchstones to pilot and assess different kinds of engineering eth-
ics interventions, where (quasi) real-world behaviors could be observed and assessed. In addition 
to quantitative assessment measures, engineering ethicists and educators could adopt methods 
from Science and Technology Studies (STS) and anthropology, such as ethnographies of research-
ers working in engineering labs. Engineering labs and workshops could provide an alternative to 
manufactured experimental protocols, such as economics games, sometimes used to assess ethical 
behaviors.

What role can moral and cultural psychology play in 
making engineering ethics less biased?

Just as moral and cultural psychology have resources to address difficulties with adopting behav-
iors as the goal of engineering ethics education, so do these fields have resources for mitigating 
biases associated with measures of engineering ethics assessment.

First, moral and cultural psychology findings support the importance of including larger, more 
culturally and nationally diverse samples in research on engineering ethics education. Similarities 
in ethical presuppositions involving knowledge, awareness, and other facets of moral cognition 
cannot be taken for granted since culture can affect these in unexpected and counter-intuitive ways. 
Exploring similarities and differences between samples from different cultural and professional 
groups could help understand if and how this is the case. Again, such work is underway.

In a series of empirical studies, researchers from Malaysia and Japan have explored the ethical 
perspectives and impact of education on engineering students. These are significant since they 
use samples of underrepresented engineering students from Malaysia and Japan (Balakrishnan 
et al., 2018; Balakrishnan et al., 2021, also featured as case studies in Chapter 27). Results from 
this kind of work can help to mediate debates between ‘universalists’ who think that professional 
and disciplinary cultures are more important to the ways people think about ethics than national 
cultures, and ‘particularists’ who think that national cultures are more important (Clancy & Zhu, 
2022; Davis, 2021). Such debates rest on competing assumptions about the universality of profes-
sional standards and ethical understanding between different national and cultural groups and, 
therefore, if and how engineering ethics education is biased. These methods could also help deter-
mine whether psychological or social factors are specific to/distinctive of different professional 
or disciplinary groups. Such findings could help educators recognize and better respond to these 
differences.

These differences could be addressed by tailoring curricula in engineering ethics to the cul-
tural backgrounds and professional aspirations of students, for instance, curricula in ethics for 
civil engineering students from China versus ones for mechanical engineering students from 
France. Disciplinary specialization is a best practice within education for Responsible Conduct of 
Research (RCR) (Phillips et al., 2018). Although professional organizations and regulatory bodies 
might have common ethical expectations of engineers and engineering work, engineers come from 
diverse backgrounds. Understanding and responding to these backgrounds is necessary to meet 
common ethical expectations.

Conclusion

Ethics is central to engineering, but ways of assessing engineering ethics education are problem-
atic. These problems concern the validity and reliability of measures assessing engineering ethics 
education since these measures do not assess long-term ethical behaviors and are based on biased 
samples. To address these problems and, thereby, increase the validity and reliability of these 
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measures, the field of engineering ethics education must use insights and methods from moral and 
cultural psychology to better understand relations between ethical behaviors and moral cognition 
and how these are affected by culture.

Notes
1 ‘Ethics,’ ‘morality,’ and their variants are used interchangeably throughout this chapter. For a different 

understanding of the natures of and relations between these terms regarding engineering and technology, 
see, for example, (Davis, 2021; Van de Poel & Royakkers, 2011).

2 This section is based on materials included in (Clancy & Gammon, 2021) and expanded on in (Clancy 
& Zhu, 2023). The interested reader is encouraged to consult that article for a fuller explanation of this 
argument/line of thought, as well as responses to objections, which could not be addressed here because 
of restrictions related to space.

3 A reviewer has pointed out that measures are developed according to the objectives of those who define 
them, such that the measures could be valid even if the objectives defined are questionable. It seems as 
though the objectives defined in developing measures of engineering ethics education assessment are ulti-
mately ethical behaviors – a point further discussed and justified below – although this might not be the 
case. Were this not the case, then ‘(in)valid’ and its variants are being used in a looser sense throughout 
this chapter.

4 One might well wonder whether one could behave or act ethically in the absence of moral cognition. This 
is a point to which we return below – regarding whether moral cognition might be a necessary, if not suf-
ficient, condition of ethical behaviors – but, again, the interested reader is encouraged to consult (Clancy 
& Zhu, 2023) for a fuller consideration of this point.

5 Not all fields are organized as professions, nor is the organization of fields into professions the same 
across countries. For example, although the field of law has traditionally been organized as a profession, it 
has fallen into disrepute in recent years, weakening its status as a profession; although engineering seems 
to be a profession in Canada, for instance, this is less clearly the case elsewhere.

6 It should be pointed out that ‘teaching ethical behaviors’ is different from ‘adopting ethical behaviors 
as the ultimate goal of engineering ethics education.’ One could well think the former is absurd while 
endorsing the latter. Again, see (Clancy & Zhu, 2023) for more on this point.

7 As with the previous section, the points included here have been dealt with at greater length elsewhere. 
For instance, see (Clancy & Zhu, 2022) and (Luegenbiehl & Clancy, 2017).

8 However, others disagree about the strength of this evidence – whether general cultural differences pro-
vide reasons for thinking specific differences in engineering ethics would exist. For an extensive, well-
reasoned articulation and defense of that view, see (Davis, 2021).
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Over time, individuals and entities within the engineering education community have developed 
a multifaceted strategy to synchronize global educational practices and performance metrics. This 
comprehensive approach involves conducting and disseminating educational research (evident 
throughout this handbook) and implementing research-informed pedagogies in the classroom 
(exemplified by the teaching methods section). It also includes establishing and aligning accred-
itation standards internationally – to guide the content and delivery of engineering education, 
including ethics. Although this section focuses on the accreditation of engineering ethics education 
(EEE), understanding the overall accreditation system is essential for grasping the ethics compo-
nent.

Alignment across culturally and geographically diverse regions and nations has been facilitated 
by global accords, fostering a shared understanding of expectations in the engineering profes-
sion’s globalized landscape. Cohesion is vital, as today’s engineering students must possess skills 
to contribute effectively to international teams and projects, impacting environments and lives 
around the world.

The primary goal of accreditation is to ensure that graduates from engineering programs pos-
sess the necessary skills and competencies for effective engineering practice in a globalized world 
(Chance et al., 2022; Sthapak, 2012). Much of this standardization occurs in English, reflect-
ing its status as the language of global engineering practice and engineering education research 
(Klassen, 2018), and is based on values first identified and described in the United States (Anwar 
& Richards, 2013) via organizations like the Accreditation Board for Engineering and Technology 
(ABET) and the American Society of Civil Engineers (ASCE). Accreditation frameworks for 
engineering education developed in the United States by ABET and ASCE included components 
of ethics; their uptake has expanded internationally over time through agreements such as the 
Washington, Sydney, and Dublin Accords.

Today, these accords are coordinated by the International Engineering Alliance (IEA) (2024), a 
non-profit alliance with 29 countries and 41 jurisdictions as members. IEA uses seven international 
agreements to “establish and enforce internationally bench-marked standards for engineering edu-
cation and expected competence for engineering practice” (IEA, 2024, ¶ 2). Currently, graduates 
of accredited engineering programs are expected to demonstrate a comprehensive range of abili-
ties, skills, and knowledge informed and aligned by these agreements – and ethics is a component 
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required in most places, yet its definition is often fuzzy and poorly understood by assessors and 
engineering educators alike (Gywnne-Evans et al., 2021; Martin, 2020).

This handbook section comprises five chapters explaining how engineering education is regu-
lated through a relatively centralized and top-down approach. It explores crucial aspects of the 
global drive to accredit and align engineering courses and delves into the who, what, when, where, 
why, and how of engineering education. The set starts by explaining the systems and how they 
developed over time but then methodically explores regional differences across engineering ethics 
education; the influence of the accreditation system on engineering licensure worldwide; what top-
ics, ideas, and voices have been getting left out of the conversations that have defined the system; 
and strategies for ensuring more diverse and holistic representation in the future of EEE accredita-
tion systems. The contributors to these chapters actively engage with professional accreditation 
systems and contribute to their ongoing evolution (e.g., the recent conference paper by Chance et 
al., 2024).

Positionality

The editor who has curated this section of the handbook, Shannon Chance, is a Registered Architect 
who has been active in institutional and architectural accreditation in the United States, having, for 
instance, served on and chaired multiple visiting teams for the National Architectural Accrediting 
Board. Shannon’s Ph.D. was in higher education policy, planning, and leadership; these activities 
informed her interest in professional accreditation (you can read about how these topics overlap 
with EEE in Chance et al., 2022). Shannon’s concern for diversity, inclusivity, and decolonization 
grew from her experience growing up in Virginia and then teaching at a minority-serving institu-
tion for 15 years (where ethics, environment, cultural diversity, and social justice were central 
themes in her teaching). She also led over a dozen international study programs across Africa and 
Europe for students from underrepresented groups, deepening her commitment to diversity and 
localized perspectives. As a result, she felt honored to have helped cultivate this handbook section 
on EEE accreditation; she and the contributing authors endeavored to include diverse voices and 
critical perspectives.

Chapter topics

The exploration of engineering education accreditation begins in this section from a historical 
perspective, tracing its origins and evolution to encompass ethical considerations. In the opening 
chapter, Chapter 32, titled ‘Foundational Perspectives on Ethics in Engineering Accreditation,’ 
authors Brent K. Jesiek, Qin Zhu, and Gouri Vinod delve into the formal integration of ethics out-
comes into accreditation criteria for engineering graduates. They provide a comprehensive over-
view of the historical trajectory of accreditation, focusing on pivotal developments in the United 
States spanning more than a century. This historical analysis sets the stage for discussing the 
explicit inclusion of ethics in accreditation requirements, which emerged as a more recent trend 
in the 1970s.

Acknowledging the shift from input-based to output-based accreditation models, the chapter 
examines alternative quality assurance methods and the widespread global impact of the US-style 
accreditation approach in engineering ethics education. It explores how ethics and related out-
comes have been formally incorporated into accreditation requirements across various global con-
texts, from the United States to Western/Anglo settings like the United Kingdom and Canada, as 
well as international agreements such as the Washington Accord and EUR-ACE, and cases in East 
Asian countries like Japan and China. The authors note a contemporary convergence toward a 
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more consistent set of ideals and target outcomes related to ethics in engineering education. This 
set increasingly emphasizes the importance of engineering graduates recognizing the societal and 
environmental impacts of their work.

Overall, Jesiek, Zhu, and Vinod synthesize prior scholarship and conduct new analyses of 
primary source materials, providing valuable insights into areas of convergence and divergence 
among accreditation documents worldwide. They highlight the incorporation of equity and diver-
sity in some current documents and probe unique emphases in documents from Japan and China. 
Their chapter underscores the need for additional comparative research across national and cul-
tural groups to further understand the evolving landscape of engineering ethics education and 
accreditation.

Following up on this historical perspective, the authors of Chapter 33 on ‘Contextual Mapping 
of Ethics Education and Accreditation Nationally and Internationally,’ Sarah Junaid, José Fernando 
Jiménez Mejía, Kenichi Natsume, Madeline Polmear, and Yann Serreau provide such compara-
tive research. They present an analysis of currently enacted accreditation documents from many 
different parts of the globe. Their chapter shifts from the historical focus of the prior chapter to 
focus on the present landscape – aiming to discern the similarities and differences in how ethics 
are addressed within various nations’ EEE accreditation documents. As integral members of a 
larger research team, the authors monitor how various cultural groups perceive and oversee ethics 
education within their own specific contexts. They pose critical questions about the global and 
local perspectives embedded in engineering accreditation documents and introduce a framework 
for cross-cultural comparative analysis.

Specifically, utilizing the Hofstede model (Hofstede, 2011; Hofstede et al., 2010), the chapter 
evaluates accreditation documents from four major cultural groups: Latin America, Latin Europe, 
Confucian Asia, and Anglo countries, represented by case studies from Colombia, France, Japan, 
and the United Kingdom, respectively. The authors conduct comparative analyses involving seven 
cultural clusters, shedding light on how engineering education systems conceptualize ethics and 
articulating previously tacit aspects. They identify trends such as the emphasis on ‘application’ 
over ‘evaluation’ in ethics education and recommend a shift towards higher-order skills devel-
opment. Both this and the prior chapter endeavor to integrate non-English-language documents. 
Tackling challenges of language translation, their research aims to comprehensively understand 
and interpret diverse approaches to ethics education and accreditation practices across different 
cultural and national contexts.

Overall, the chapter provides insights into the current global landscape of ethics education and 
accreditation, advocating for continued collaborative efforts to broaden the scope and deepen the 
understanding of ethical considerations in engineering education.

To probe the far-reaching implications of engineering accreditation, particularly its educa-
tional requisites and ethical components, Chapter 34, ‘Accreditation and Licensure: Processes and 
Implications’ by Angela R. Bielefeldt, Diana Martin, and Madeline Polmear, examines the inter-
play between accreditation and licensure across diverse engineering subfields, with a focus on civil 
engineering. This chapter elucidates the intricate legal frameworks governing the formal recogni-
tion of individuals as ‘engineers,’ highlighting the significant variations in credentialing processes 
across countries and even within regions. It also navigates the complex terrain of licensure, which 
has become crucial to ensuring public safety and upholding professional standards.

As the chapter underscores the divergent pathways to engineering licensure worldwide, it 
emphasizes the role of accredited education in helping ensure the technical proficiency and eth-
ical acumen requisite for competent engineering practice. The linkage between education and 
licensure is particularly pronounced in civil engineering, which has set the tone for accreditation 
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standards across other engineering disciplines in North America and beyond, influencing ethical 
considerations in accreditation processes. The chapter probes the multifaceted dynamics between 
education and professional practice, exemplified by the highly regulated relationships within the 
United States’ civil engineering context, governed by diverse stakeholder perspectives and strin-
gent regulations across culturally diverse states.

In exploring the case studies of engineering education and licensure in the United States and 
Ireland, the chapter elucidates contrasting approaches to ethics integration within accreditation 
systems. Whereas the United States exemplifies a robust framework underpinned by non-profit 
organizations like the American Society of Civil Engineers (ASCE) advocating for ethical consid-
erations, Ireland’s accrediting body, Engineers Ireland, has spearheaded transformative change by 
mandating progressive ethics initiatives. However, research conducted by Martin (2020) reveals 
past discrepancies between stated objectives and actual practices enacted during accreditation 
evaluations, underscoring the challenges assessors encounter in evaluating ethical curricular com-
ponents. The findings accentuate the imperative for ongoing dialogue and collaboration to enhance 
the assessment of engineering ethics education globally.

Chapter 35, ‘A Feminist Critical Standpoint Analysis of Engineering Ethics Education and the 
Powers at Play in Accreditation, Research, and Practice’ by Jillian Seniuk Cicek, Robyn Mae Paul, 
Diana Martin, and Donna Riley, offers critical perspectives on engineering ethics education. The 
authors probe the dynamics of engineering ethics education within the realms of accreditation 
and research, interrogating whose voices are privileged and whose are marginalized in the global 
discourse surrounding engineering accreditation. They challenge the hegemonic structures that 
dictate the content of engineering ethics education, shedding light on how these structures perpetu-
ate exclusionary practices and uphold Western-centric perspectives.

The Chapter 35 author team raises a number of key points: the Western-centric nature of 
accreditation standards, such as those outlined in initiatives like the Washington Accord, often 
disregards local sensitivities, erasing non-Western perspectives. Engineering’s technical episte-
mology tends to overshadow and marginalize alternative disciplinary perspectives, perpetuating a 
narrow understanding of ethics. The emphasis on micro-ethics and outcome-based assessment in 
engineering education separates ethics from broader equity and social justice concepts, limiting its 
transformative potential. The accreditation process in engineering perpetuates a state of “willful 
ignorance” (Tuana, 2006, p. 10) regarding its own detrimental effects, hindering meaningful pro-
gress. By employing critical feminist analyses, the authors critique the complicity of individuals 
in reinforcing existing power dynamics through engineering accreditation and encourage more 
conscientious engagement in the formulation and enactment of accreditation policy.

Overall, the authors contend that engineering educators inadvertently impede transformative 
change in ethics education by conforming to accreditation standards. They advocate incorporating 
critical perspectives to challenge and resist the exclusionary status quo, urging the transformation 
of engineering ethics education to embrace authenticity, significance, and inclusivity. This shift, 
they argue, is essential for engineers to engage in the profound work of addressing the myriad 
challenges confronting society and the environment.

The final chapter of this section, Chapter 36 on ‘Accreditation Processes and Implications for 
Ethics Education at the Local Level,’ written by Helena Kovacs and Stephanie Hladik, also adopts 
a critical lens. It explores the disjunction between the implementation of ethics education at grass-
roots levels and its representation in accreditation documents and formal procedural requirements. 
Kovacs and Hladik highlight the bureaucratic nature of operationalizing ethics education, which 
often results in abstract descriptions that fail to capture the nuances of ethical practice in engi-
neering. They note the lack of requirements in accreditation policies for students to demonstrate 
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higher-level cognitive skills, arguing that this can hinder the development of critical thinking skills 
and practices related to engineering ethics.

Kovacs and Hladik argue that the current approach to accreditation is too impersonal – it 
limits the local community’s ability to shape the learning environment to reflect local inter-
pretations and needs, particularly but not exclusively related to ethics. They describe what this 
impersonal approach implies at institutional, program, instructor, and student levels. The authors 
explain that institutions may struggle to integrate ethics into technical coursework effectively 
when they are not allowed enough room for interpretation or ‘personalization.’ They note that 
instructors may rely on historical scenarios that do not address systemic oppressions inherent 
in engineering design work – the type of oppression so vividly described in the previous chap-
ter. For students, the standalone nature of ethics courses may lead to a perception that ethics is 
tangential to their core program; they may overlook the complex intersections of culture and 
decision-making.

In response to these challenges, Kovacs and Hladik propose strategies for bridging the gap 
between abstract accreditation standards and localized ethical practice. They advocate for col-
laboration among stakeholders within educational environments to develop scenarios that resonate 
with students’ lived experiences, fostering within students essential skills and behaviors for ethical 
engineering practice. By empowering students to engage critically with ethics in their local con-
texts, the authors argue, educators can facilitate meaningful and impactful learning experiences 
that contribute to societal ethical advancement.

Trends and implications

Bookending the compilation of texts within this handbook, this section on engineering ethics 
accreditation within this Routledge International Handbook of Engineering Ethics Education illu-
minates the intricate landscape of ethics education and its accreditation practices, tracing a journey 
from disparate national systems towards a network of accords aimed at fostering global alignment. 
This final section charts the evolution of accreditation, emphasizing the imperative of equipping 
graduates with the ethical reasoning skills necessary for today’s interconnected and mobile engi-
neering profession.

Throughout the section, a discernible shift over time towards a competency-based approach 
is evident. This competency-based approach emphasizes technical proficiency and, increasingly, 
non-technical professional skills, ethical consciousness, and social responsibility. Chapters of this 
section explore the integration of ethics into accreditation standards from multiple perspectives, 
acknowledging the diverse interpretations of ethical principles across cultures. There is an over-
arching theme of reflexivity and criticality – the author teams critically examine power dynamics 
within education, accreditation, and licensure, highlighting the challenges and, at times, question-
ing the wisdom of implementing uniform ethical standards in diverse contexts.

A central theme across the chapters is the importance of providing localized, meaningful edu-
cational experiences that resonate with societal and environmental needs. By infusing engineering 
ethics education with local cultural perspectives and personal engagement, engineering educators 
and engineering education researchers can advocate for a balanced approach that fosters meaning-
ful outcomes and cultural relevance. For them to gain legitimacy and become more mainstream 
and broadly accepted, the alternative ways of implementing engineering ethics education (i.e., 
localized, personal, and culturally aware perspectives) need to be translated into policy measures. 
The definitions of what constitutes ‘good’ engineering education set by accrediting bodies need to 
be continually informed by critical reflection, and conscientious objection.
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Looking forward, we, the contributors to this section, aspire to amplify diverse voices, expand 
our understandings, and advance engineering practice and education toward greater ethical aware-
ness and contemplation. We seek to build upon established teaching methods, improve assessment 
practices, and refine accreditation processes to better articulate the ethical aspirations of the engi-
neering profession.

Ultimately, the message resounding throughout this section is a call to treat each other and our 
planet with ethical regard and respect, celebrate diversity, and continuously strive for improve-
ment. By embracing localized perspectives and fostering global collaboration, we can navigate the 
complexities of engineering ethics accreditation, charting pathways for progress toward a more 
ethically conscious engineering profession.

Conclusions from the editor of this section

Shannon Chance, the lead editor for this section, expresses profound gratitude to all the authors 
who contributed their expertise, insights, and passion to this project. From the outset, the authors 
played an integral role in shaping the format and content of the chapters, bringing a diverse range 
of perspectives and experiences to the table. Despite the challenges of language, distance, and time 
zones, the authors demonstrated perseverance and remarkable collaboration, working in cross-
border teams to produce high-quality analyses and generating rigorous research via enthusiastic 
and thoughtful engagement. We look forward to pushing these ideas and lines of investigation 
forward and we welcome others to join us in future collaborations.
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This chapter takes a historical approach to examining and contextualizing the formal incorpora-
tion of ethics and related learning outcomes in accreditation criteria for engineering graduates. We 
begin by examining the origins of modern forms of accreditation in higher education, emphasizing 
key developments in the United States over more than a century. We also note more recent, wide-
spread moves from inputs- to outputs-based frameworks (i.e., shifting focus from curricula and 
resources to graduates’ capabilities), alternate quality assurance methods in some other contexts, 
and the continued global influence of American-style accreditation models. We then present a 
series of specific cases to explore when, where, and how ethics and associated concerns have been 
formally codified in accreditation requirements for engineering graduates. We begin by examin-
ing the United States as a particularly well-documented and influential example, followed by two 
other Western/Anglo settings (the United Kingdom and Canada). We then turn to two international 
agreements (the Washington Accord and EUR-ACE) and two East Asian cases (Japan and China).

One main goal of this chapter is to historicize attention to ethics in accreditation policies for 
higher engineering education. By doing so in a cross-national, comparative manner, we identify 
broader trends such as increasing attention in accreditation guidelines to an ever-wider range of 
concerns and considerations linked to engineering ethics, professional responsibility, and associ-
ated learning outcomes. Yet our efforts also begin to illustrate how local contextual factors (e.g., 
cultural, organizational, political) likely inflect accreditation criteria and processes, in turn hinting 
at reverse salients that counteract global convergence trends.

Our approach to developing this chapter involved synthesizing prior scholarship, including 
other secondary accounts, and performing new analyses of some primary source materials. We 
took a broad view of ethics when examining accreditation documents, and our choice of specific 
cases for this chapter was inflected by the authors’ expertise, background, and positionality. All 
three of us hold undergraduate degrees in engineering and graduate degrees in the humanities and/
or social sciences. Our team also includes individuals who are from or have lived in the United 
States, United Kingdom, and mainland China, and the authors have previously conducted other 
cross-national comparative studies related to engineering education and practice. While the scope 
of our inquiry is constrained by limitations such as the availability of source materials and our own 
expertise (language, etc.), we hope this chapter inspires future research efforts focused on other 
countries and regions.

Brent K. Jesiek, Qin Zhu, and Gouri Vinod
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Perspectives on ethics in accreditation

Accreditation in higher education: historical origins and US trends

Mechanisms for monitoring the quality and legitimacy of universities can, in part, be traced to 
the early history of higher education in Europe, from the Middle Ages onward. Historians point 
to various kinds of oversight, including internal self-governance by student and faculty guilds and 
external mechanisms such as the formal chartering of institutions by the crown, state, or church 
(Maassen, 1997; Van Vught & Westerheijden, 1994). Another type of quality assurance emerged 
much earlier in China, where the Imperial Examination system was used over many millennia to 
screen candidates for civil-service positions (e.g., Min & Xiuwen, 2001). Yet as Maassen argued, 
modern accreditation – typically characterized by a focus on quality control mechanisms and the 
formal recognition of degree programs or entire institutions – “has its roots in American higher 
education” (1997, p. 124).

Some important early developments in the United States occurred with the establishment of 
its first colleges. Nine such schools (the ‘Colonial Colleges’) were operating by the time of the 
American Revolution, with ‘charters’ for their establishment usually granted by colonial gover-
nors, colonial assemblies, or the British Crown (Stoeckel, 1958). The charters helped establish 
the legitimacy of these institutions, giving them the formal, legal right to own property and grant 
degrees. Additional oversight and governance structures started to emerge by the 1780s, such as 
through the formation of a board of regents in New York to “charter, endow, and control” museums 
and schools in the state, including colleges (Harcleroad, 1980, p. 15). Nonetheless, historians note 
that the regulation of US colleges was generally lax into the nineteenth century, even as institutions 
of widely varying type and quality proliferated (Brittingham, 2019).

In 1847, the first non-profit, voluntary educational association was established in the United 
States: the National Medical Association, later named the American Medical Association (AMA) 
(King, 1982). Its founding was partly linked to concerns about the quality of medical educa-
tion. While initially not very successful in addressing that particular issue, the AMA’s efforts 
to develop a ‘Code of Medical Ethics’ had lasting impacts (King, 1983). More general calls to 
regulate US higher education intensified in the latter part of the nineteenth century, especially 
as new schools proliferated. In response, the late 1800s saw the establishment of regional, non-
governmental accreditation bodies, beginning with the New England Association of Schools and 
Colleges (NEASC) in 1885 (Brittingham, 2009, p. 14). Colleges and universities were members of 
these voluntary organizations, which were in turn mainly focused on determining “which institu-
tions were legitimately colleges” (Brittingham, 2009, p. 14) and publishing lists of such schools 
(Harcleroad, 1980, pp. 21–22).

The twentieth century was marked by several trends relevant to this volume. First, new asso-
ciations focused on specific disciplines and fields multiplied from the 1910s onward. This created 
a regulatory structure where overall evaluation of universities or colleges was often conducted 
by regional associations, while discipline-based organizations accredited specific programs. 
Additionally, key features now associated with the US accreditation model developed during the 
middle part of the century. Per Brittingham, 

Between 1950 and 1965, the regional accrediting organizations developed and adopted 
what are considered today’s fundamentals in the accreditation process: a mission-based 
approach, standards, a self-study prepared by the institution, a visit by a team of peers 
who produced a report, and a decision by a commission overseeing a process of periodic 
review.

(2009, pp. 14–15) 
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Further, the federal government gradually assumed a larger role in higher education, including 
through new laws and regulations – many from the post-war period – restricting access to federal 
funding (and especially student aid) to institutions accredited by recognized non-profit associations.

Another development worth noting involves growing emphasis on results and outcomes in 
accreditation processes, particularly in relation to student learning. As Nodine (2016) argued, the 
basic principles of outcomes-based education (OBE) can be “traced back hundreds of years to 
craft guilds, apprenticeship training programs, technical training programs (in the military, etc.), 
and licensure programs (for doctors, lawyers, etc.) where established standards for competence 
and performance have been identified for specific jobs and roles” (p. 6). He noted the resonance 
between outcomes-based approaches and the concept of mastery-based learning beginning in the 
1920s and a turn toward competency-based education (CBE) from the 1960s onward. Nodine 
observed three key shifts in this confluence of movements, namely moves toward identifying 
specific learning outcomes, establishing how to assess or measure those outcomes, and developing 
more flexible and personalized educational pathways (p. 6).

In summary, the US system of accreditation reflects the country’s cultural values and styles 
of governance, including a ‘triad’ of federal, state, and non-governmental actors, with the latter 
especially critical for providing a “self-regulatory, peer review system” for higher education insti-
tutions and programs (Brittingham, 2009, p. 10). As Akera et al. summarized, 

the highly decentralized system of educational governance within the U.S., and the great 
diversity of schools that are both the product and reasons for this ecosystem, have given rise 
to an extremely heterogeneous system. In the United States, accreditation serves as one of the 
few central mechanisms for shaping learning; it carries the weight of the state to the extent 
that it contributes to job and federal loan availability as well as licensure in selected fields. 

(2019, p. 1)

Such points are salient in relation to other concerns, including questions about the place of learn-
ing outcomes related to ethics in degree programs and the diffusion of American-style accredita-
tion models to other countries.

Further, accreditation is one of many kinds of quality assurance (QA), and alternative approaches 
like “academic audit and inspection” are more prevalent in some settings (Brittingham, 2009, p. 
17). Today, accreditation is often associated with defining features like systematic self-assessment, 
some kind of external review mechanism, and a forward-looking evaluation philosophy (e.g., as 
reflected in ‘continuous improvement’ models). Since at least the late twentieth century, rising 
accountability pressures in higher education in many parts of the world have been accompanied 
by more widespread implementation of accreditation systems, albeit with notable local variations 
(El-Khawas, 2007). The number of foreign universities and degree programs directly accredited 
by US-based or international organizations has also grown considerably, a trend which has, in 
turn, been critiqued as a new kind of ‘academic colonialism’ (Altbach, 2003). As Altbach argued, 
“American accreditation is designed for the realities of American higher education” and exporting 
that model could pressure foreign institutions to conform to “American patterns of curricular and 
academic organization” (p. 6) while disregarding local realities.

Accreditation and ethics in engineering education: detailed cases

We now focus on cases focused on specific countries and international agreements. We begin with 
three Western/Anglo examples (the United States, the United Kingdom, and Canada), followed by 
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two international agreements (the Washington Accord and EUR-ACE) and two East Asian cases 
(Japan and China). Readers may also want to consult the appendix of this chapter, as it provides 
verbatim excerpts of ethics-related outcomes/attributes for many of the accreditation frameworks 
discussed below.

United States

Early efforts to formally evaluate engineering degree programs in the United States were led by 
the American Institute of Chemical Engineering’s (AIChE) Committee on Chemical Engineering 
Education starting in 1922, followed by the publication of a list of recognized degree programs at 
14 schools in 1925 (Prados, 2008, p. 2). Prados claimed that the subsequent Wickenden report on 
engineering education helped stimulate broader interest in a new national organization with a simi-
lar role across engineering fields. As Wickenden declared, “If protection of standards is needed, 
the accrediting of engineering schools by their own organization and the national professional 
societies will probably prove to be much more effective than accrediting by educational bodies 
of a more general character” (1934, p. 1082). An organization of this sort, the Engineers’ Council 
for Professional Development (ECPD), was established in 1932 with seven professional societies 
as its founding members (Prados, 2008, p. 6). The organization started accrediting engineering 
degree programs from 1935–1936 onward (Prados, p. 6).

As Stephan documented, the original ECPD accreditation criteria – unchanged from 1933 to 
1950 – offered “virtually no specification of minimum standards, except that all accredited programs 
had to lead to a degree” (2002, p. 11). Yet in 1955, a new set of ‘Additional Criteria’ mandated more 
specific curricular requirements in mathematics, basic science, engineering sciences, engineering 
analysis and design, and humanistic-social studies (Parker, 1961, p. 14). These were specified as 
the minimum number of years of study (or fraction thereof) in each designated area. The ASEE’s 
Summary of the Report on Evaluation of Engineering Education (‘Grinter Report’), published in 
1955, reflected this period’s shift toward a quantitative view of degree requirements: “The consider-
ation of curricula cannot proceed wholly on a philosophical or qualitative basis but must eventually 
be approached quantitatively in semester hours or at least in terms of fractional percentages of the 
total program” (CEEE, 1994, p. 85). Yet these new guidelines did not explicitly refer to ‘ethics.’ The 
1955 criteria, for example, noted very generally that a student’s humanistic-social studies course-
work “should be selected from fields such as history, economics, government, literature, sociology, 
philosophy, psychology, or fine arts” (Parker, 1961, p. 14). However, the “qualitative” portion of 
this same document did mention “safety to life and property” as a relevant consideration for engi-
neers doing design work, alongside economic and functional concerns (Parker, p. 14).

By the early 1970s, the ECPD’s curricular requirements for accredited engineering degree pro-
grams were only a page long. They called for “the equivalent of one-half year to one full year as 
the minimum content in the area of the humanities and social sciences” (ECPD, 1971, p. 65), but 
did not explicitly refer to ethics or related themes. Yet, as the length and specificity of the ABET 
accreditation guidelines steadily increased from the 1970s onward, ethics and associated concerns 
became more explicit. For example, revised criteria published in 1973 referred to “the extent to 
which the program develops an ability to apply pertinent knowledge to the practice of engineering 
in an effective and professional manner,” including “development of a sensitivity to the socially 
related technical problems which confront the profession” (ECPD, 1973, p. 44). The aforemen-
tioned humanities and social sciences requirement was also revised to simply specify “one-half 
year” as the minimum, while clarifying that such coursework was important for “making the young 
engineer fully aware of his [sic] social responsibilities and better able to consider related factors 
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in the decision-making process” (p. 45). In 1974, a new footnote also clarified the meaning of the 
ECPD’s required one-half year of engineering design “in its broadest sense” noting that “sociologi-
cal, economic, aesthetic, legal, ethical, etc. considerations can be included” (ECPD, 1974, p. 68). In 
1975, this same language was moved from a footnote into the body of the guidelines (ECPD, 1975, 
p. 75). These appear to be the first direct mentions of ethics in ECPD’s accreditation guidelines for 
engineering programs.

These criteria were relatively stable until 1979 when ethics became even more pronounced in 
the ECPD guidelines. More specifically, the statement “development of an understanding of the 
characteristics of the engineering profession and the ethics of engineering practice” was added to 
the overarching preamble statement introducing the general program guidelines (ECPD, 1979, p. 
60). This objective was further underscored in a later passage:

An understanding of the ethical, social, and economic considerations in engineering practice 
is essential for a successful engineering career. Coursework may be provided for this pur-
pose, but as a minimum it should be the responsibility of the engineering faculty to infuse 
professional concepts into all engineering coursework.

 (p. 61) 

As Stephan reported, the latter passage was retained for many years, “substantially unchanged 
until the issuance of EC 2000” (2002, p. 13).

Ethics and related concerns were also explicit in the general student outcomes presented as 
part of ABET’s Engineering Criteria 2000 (EC2000) framework adopted in 1996 (Lattuca et al., 
2006). The new guidelines stipulated that graduates should have “an understanding of profes-
sional and ethical responsibility” (Criterion 3.f), “the broad education necessary to understand 
the impact of engineering solutions in a global and societal context” (3.h), and “a knowledge of 
contemporary issues” (3.j) (Lattuca et al., pp. 18–19). The most recent version of the Criterion 3 
outcomes includes expanded language around graduates having “an ability to apply engineering 
design to produce solutions that meet specified needs with consideration of public health, safety, 
and welfare, as well as global, cultural, social, environmental, and economic factors” (ABET, 
2018, I.3.2). It also features a multifaceted outcome focused on ethics, namely: “an ability to 
recognize ethical and professional responsibilities in engineering situations and make informed 
judgments, which must consider the impact of engineering solutions in global, economic, envi-
ronmental, and societal contexts” (I.3.4). As reported by Matos et al. (2017), earlier drafts did not 
mention ‘professional responsibility’ in the ethics outcome, which generated considerable push-
back and led to restoration of the phrase. Some of ABET’s field-specific program criteria now also 
include attention to ethics and related concerns. For example, the criteria for “Civil and Similarly 
Named Engineering Programs” mandate coverage of “principles of sustainability in design” and 
the ability to “analyze issues in professional ethics” and “explain the importance of professional 
licensure” (ABET, 2018, III).

There are at least three key points to take from this brief account. First, explicit attention to eth-
ics and related concepts was included in ABET guidelines earlier than previously reported. Both 
Pritchard (1990) and Stephan (2002) cited 1985 as the year when “understanding of the ethical 
characteristics of the engineering practice and profession” first appeared in the guidelines. Yet 
similar language initially surfaced in 1979, and other relevant statements and concepts appeared 
even earlier. Second, ABET EC2000 is often framed as a key point of transition where concerns 
over programmatic ‘inputs’ were replaced by a focus on ‘outcomes’ in engineering accreditation 
processes (Lucena et al., 2008). Yet the preceding account shows how ethics, professional respon-



Brent K. Jesiek, Qin Zhu, and Gouri Vinod 

580

sibility, and related concerns were framed in outcomes-oriented language as early as the 1970s. 
This tracks well with other accounts regarding a gradual and more general turn toward outcomes- 
and competency-based approaches to education and training, especially from the 1960s onward 
(Hodge, 2007).

Finally, it is worth considering why the aforementioned changes were made. Unfortunately, 
the official accounts from ECPD offer little explanation. Period reports from the ECPD’s ethics 
committee were primarily focused on a major revision of the ECPD Code of Ethics of Engineers, 
published in 1974 and then championed for more widespread adoption by other professional soci-
eties. Nonetheless, it is reasonable to speculate that the incorporation of ethics-related outcomes 
in the ECPD guidelines reflected broader movements, such as the efforts of engineer activists in 
the 1960s to critically interrogate the social and environmental effects of technology (Wisnioski, 
2016), as well as the 1970s-era establishment of engineering ethics as a distinct scholarly field 
(Weil, 1984). More research is needed to establish whether and how these historical trends are 
connected. And, as Stephan (2002) pointed out, changing language in accreditation documents 
does not necessarily mean that engineering programs, or even accreditors, have historically treated 
ethics and related outcomes as key concerns.

United Kingdom

The United Kingdom was an important point of origin for engineering as a modern profession 
with roots going back to the eighteenth century. Yet fragmentation has been a hallmark of British 
engineering over this long history, in part reflected in the proliferation of engineering professional 
societies – and numerous calls to unify the profession (Klassen, 2018, pp. 78–84). As Klassen 
explained, accreditation of engineering programs in the United Kingdom has historically involved 
a complex assortment of policies and actors, including individual disciplinary professional socie-
ties, and with the Engineering Council providing additional coordination and oversight, especially 
from the 1980s onward. The United Kingdom’s enduring tradition of apprenticeship-based train-
ing adds further complexity to this milieu.

Early efforts to unify the profession and improve coordination across the institutes are 
reflected in the creation of the Joint Council of Engineering Institutions in 1965 (called the 
Engineering Council since 1981) (Chapman & Levy, 2004). In 1984, the Council’s Standards 
and Routes to Registration (SARTOR) established common training pathways and requirements 
for the three main professional grades recognized in the United Kingdom (Chartered Engineers, 
Incorporated Engineers, and Engineering Technicians). Second and third editions were pub-
lished in 1990 and 1997. The latter (SARTOR3) is notable for specifying – like period docu-
ments from other countries – five specific outcome areas for each professional grade. One of 
these areas was specifically dedicated to “Professional Conduct” and declared that qualifying 
candidates for registration should “Make a personal commitment to live by the appropriate code 
of professional conduct, recognising obligations to society, the profession and the environment” 
(UKEC, 1998, p. 3), followed by four precepts that expanded on and clarified aspects of this 
general statement.

Concerns about the Engineering Council’s influence over the accreditation of degree programs 
– including its efforts in SARTOR3 to raise standards – led to new reforms in the late 1990s and 
early 2000s. This included the promulgation of a new UK Standard for Professional Engineering 
Competence and Commitment (UK-SPEC) in 2003 to replace SARTOR. The new UK-SPEC placed 
greater emphasis on outcomes and eliminated earlier ‘input-based’ considerations like the quality 
of students entering degree programs (Temple, 2005). In 2004, the Engineering Council released 
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its Accreditation of Higher Education Programmes (AHEP) policy and stated that it would share 
the responsibility for regulating engineering education standards with an independent non-profit, 
namely the Quality Assurance Agency for Higher Education (QAA) (EC, 2004). Additionally, the 
Engineering Council and Royal Academy of Engineering issued a common “Statement of Ethical 
Principles” for the engineering profession in 2005 (UKEC, 2017). As the most recent (4th) AHEP 
document notes, more than 40 engineering institutions are licensed by the Engineering Council to 
accredit degree programs in their respective fields (UKEC, 2020).

All four versions of the AHEP policy published to date include ethics requirements for engineers 
seeking registration at the incorporated and chartered levels. The first edition (AHEP1) stated that 
graduates should have an “Understanding of the need for a high level of professional and ethical 
conduct in engineering” and “Understanding of appropriate codes of practice and industry stand-
ards” and elsewhere repeatedly referred to the importance of health, safety, and risk issues, as well 
as environmental and sustainability concerns (UKEC, 2004, pp. 11–12). And although the next two 
editions (AHEP2 in 2013 and AHEP3 in 2014) showed little change in ethics-related outcomes, the 
most recent AHEP4 (released in 2020 and set to take effect in 2024) includes some notable revi-
sions. First, it featured increasingly nuanced language to distinguish learning outcomes for incorpo-
rated and chartered grades, including for three distinct educational pathways associated with each. 
And while it retains five main outcome categories, it includes an “Engineering and society” cat-
egory in place of “Economic, legal, social, ethical and environmental context” in AHEP3 (UKEC, 
2014) and the even earlier “Economic, social and environmental context” in AHEP1 and AHEP2 
(UKEC, 2004; UKEC, 2013). This category of outcomes also featured a revised preamble stating:

Engineering activity can have a significant societal impact and engineers must operate in 
a responsible and ethical manner, recognise the importance of diversity, and help ensure 
that the benefits of innovation and progress are shared equitably and do not compromise 
the natural environment or deplete natural resources to the detriment of future generations. 

(UKEC, 2020, p. 30)

As this statement suggests, the new standard incorporates wide-ranging outcomes that refer to 
ethical conduct, risk management, sensitivity to the broader impacts of engineered solutions, and 
attention to diversity and equity concerns. Indeed, among educators interviewed by Xavier et al. 
(2023), “AHEP4 was believed to constitute a step change that encouraged the inclusion of [the] 
‘social’” (p. 4) in engineering programs.

As a final development worth noting, the Engineering Professors’ Council (EPC) and Royal 
Academy of Engineering released an Engineering Ethics toolkit in 2021 “to help engineering edu-
cators integrate ethics content into their teaching” (EPC, 2022). As background, they note “grow-
ing advocacy for bringing engineering ethics to the fore in engineering programmes – alongside 
technical skills,” including as reflected in current AHEP and UK-SPEC standards.

Canada

Since the early decades of the twentieth century, engineering has been legally regulated as a profes-
sion in Canada, mainly at the provincial/territorial level but with national co-ordination (Klassen, 
2018, pp. 33–34). Oversight of engineering degree programs originated with establishment of the 
Canadian Accreditation Board (CAB) in 1965 as a standing committee of the Canadian Council 
of Professional Engineers (or Engineers Canada from 2007 onward), with the first assessments 
of undergraduate degree programs occurring in 1969 (CAB, 1975, p. 4). By 1975, the CAB’s 
accreditation criteria specified required program content in five main areas, including “a minimum 
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of one-half year of appropriate humanities and social sciences” (CAB, 1975, p. 15). While this 
document did not explicitly mention ethics, it did note the need for students to develop “social 
consciousness” and receive a “sufficient liberal education” (p. 12).

In 1976, a revised set of “specific objectives” included a section (B-1.7) stating that “Students 
must be made aware of the vital role of the professional engineer in society and the interaction of 
engineering work with the economic, social and human goals of the nation” (CAB, 1976, p. 10). 
The document went on to explain that students in accredited programs must understand:

 a) the quality of the natural and human environment and the impact of technology;
 b) the function and activities of our society, business and government in shaping our society and 

its values;
 c) the legal responsibilities and ethical guidelines and constraints applied to the profession. 

(CAB, 1976, p. 10)

As the report emphasized, “Every opportunity should be seized to weave into the fabric of engi-
neering education an awareness of such matters through course material and through liaison with 
practicing engineers and other groups outside of the educational establishments” (p. 10). Another 
stipulation regarding a “minimum one half year of appropriate humanities, social sciences and 
administrative studies” clarified that the aim of such coursework was to “develop a social aware-
ness as related to the philosophy of section B-1.7” (p. 14).

Similar language was retained until 1986 (under the renamed Canadian Engineering 
Accreditation Board, or CEAB), when a streamlined version of the accreditation criteria removed 
any direct mention of ethics. A new section of the guidelines (2.1.4) instead simply stated: “The 
criteria are intended to ensure that students are made aware of the role of the professional engineer 
in society and the impact that engineering in all its forms makes on the environmental, economic, 
social and cultural aspirations of society” (CEAB, 1987, p. 14). In the CEAB’s 1989–1990 annual 
report, this statement was revised to refer to the “role and responsibilities [emphasis added] of 
the professional engineer” (CEAB, 1990, p. 14). Requirements published in 1993 also added lan-
guage in the “Engineering Design” area to acknowledge “constraints which may be governed by 
standards or legislation to varying degrees depending upon the discipline. These constraints may 
relate to economic, health, safety, environmental, social or other pertinent factors” (CEAB, 1993, 
p. 17). In 1996, a new criterion was added (2.2.8) stipulating that “Each program must ensure that 
students are made aware of the role and responsibilities of the professional engineer in society. 
Appropriate exposure to ethics, equity, public and worker safety and health considerations and 
concepts of sustainable development and environmental stewardship must be an integral compo-
nent of the engineering curriculum” (CEAB, 1996, p. 14).

The preceding language was retained verbatim until 2008 when it was replaced by a new set of 
12 “Graduate Attributes” (CEAB, 2008, pp. 12–13). Four of the attributes refer to ethics or related 
concerns, namely (1) design, (2) professionalism, (3) impact of engineering on society and the envi-
ronment, and (4) ethics and equity. This same document also retained quantitative  requirements 
for curricular coverage in specific areas, including a stated expectation that all programs include 
studies of “The impact of technology on society,” “Health and safety,” “Professional ethics, equity 
and law,” and “Sustainable development and environmental stewardship” (CEAB, 2008, p. 18). 
These requirements were subjected to only minor editorial changes in more recent versions of 
the CEAB guidelines. As this overview suggests, the current CEAB framework includes a fairly 
comprehensive set of ethics-related attributes similar to what can be found in policy documents 
promulgated in many other contexts.
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Washington Accord

Western nations have had deep and lasting impacts on engineering education and professional 
practice around the world, both through colonial legacies and other influences. As a more spe-
cific example, the US-based ABET describes how it engages globally through four mechanisms: 
“1) accreditation of academic programs; 2) mutual recognition of accreditation organizations; 3) 
Memoranda of Understanding with accreditation/quality assurance organizations; and 4) engage-
ment in global STEM education organizations” (ABET, n.d.). The third mechanism (regarding 
MOUs) includes specific cross-national agreements (e.g., between the United States and Canada 
concerning the accreditation of engineering degree programs, first signed in 1979) and more gen-
eral agreements like the Washington Accord.

The latter is a multilateral framework that sets standards for mutual recognition of engineering 
degree programs and professional mobility among signatories, including six countries when ini-
tially signed in 1989 (Australia, Canada, Ireland, New Zealand, the United States, and the United 
Kingdom). Founded in 2007, the associated International Engineering Alliance (IEA) is a global 
non-profit organization that manages seven such agreements among members representing 41 juris-
dictions in 29 countries (IEA, 2015). The IEA also maintains a set of “Graduate Attributes and 
Competency Profiles” developed from 2001 to 2005 by signatories of the Washington Accord (the 
preceding six countries, plus Hong Kong and South Africa). “Ethics” was one of 13 attributes in 
Version 1.1 of this framework (“Understand and commit to professional ethics, responsibilities, and 
norms of engineering practice”), along with other relevant concerns listed under “The Engineer 
and Society” and “Environment and Sustainability” (ABET, 2006). Similar categories and language 
were retained in later revisions (e.g., see IEA, 2013). Today, the Washington Accord has 23 full sig-
natories and seven provisional ones (IEA, n.d.). As this overview suggests, a relatively small group 
of actors – primarily representing Western, anglophone nations or former colonies thereof – have 
spearheaded the development of global standards for accrediting engineering programs using out-
comes-based approaches. As discussed in more detail below, Japan and China are contrasting exam-
ples of Washington Accord adoption, each likely inflected by distinct cultural and ideological factors.

European Accredited Engineer (EUR-ACE)

Beginning in the late 1990s, the intergovernmental initiative known as the ‘Bologna Declaration’ 
stimulated efforts to harmonize higher education programs across Europe (Augusti, 2007). Field-
specific initiatives like the EUR-ACE (European Accredited Engineer) standard grew out of this 
larger trend. They became linked to a desire to increase the global mobility of engineering gradu-
ates, establish minimum quality standards for engineering degree programs, and encourage quality 
improvements (Augusti, 2007; Sánchez-Chaparro et al., 2022). EUR-ACE is a comprehensive 
standard with multifaceted attention to physical facilities; staff qualifications; program manage-
ment; teaching, learning, and assessment practices; and so on (ENAEE, 2021).

Like other contemporary frameworks, EUR-ACE, from the beginning, also emphasized pro-
grammatic aims and student learning outcomes. Regarding the initial development of EUR-ACE, 
Augusti (2010) noted that a study of engineering accreditation systems across Europe “revealed 
striking similarities behind different façades” which in turn made “compilation of a set of shared 
accreditation standards and procedures comparatively easy” (p. 2). The resulting outcomes for 
EUR-ACE were organized around six core dimensions, with the sixth (“Transferable Skills”) 
stressing the importance of graduates committing to “professional ethics, responsibilities and 
norms of engineering practice” (Augusti, Birch, & Payzin, 2011). The framework also under-
scored the importance of societal, environmental, ethical, and other “non-technical” considera-
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tions in three other outcome areas. Similar language and outcomes have been retained in more 
recent versions of the EUR-ACE standard (e.g., ENAEE, 2021).

From its 2006 inception to the present, the EUR-ACE designation has been granted to more than 
4,000 degree programs at more than 700 higher education institutions in 46 countries, in Europe 
and beyond (ENAEE, n.d.). As EUR-ACE continues to spread, commentators have pointed out 
that the complexity and diversity of European higher education institutions and policy bodies 
introduce both benefits and challenges for cross-border quality assurance and accreditation efforts. 
For example, Sánchez-Chaparro et al. noted “difficulties in interpretation and consistency” of the 
European standards, while at the same time opening up “learning opportunities” as accreditation 
agencies work to adopt common standards while respecting cross-national contextual differences 
(2022, p. 322). How ethics is specifically treated in such processes is beyond the scope of this 
chapter, but worthy of further exploration.

Japan

Engineering as a modern field of practice originated in Japan in the late nineteenth and early 
twentieth centuries. Over time, engineers were primarily identified as members of corporate 
‘households’ aligned with broader national goals for economic and technological development 
(Downey et al., 2007). Thus, the Western concept of autonomous professionalism is relatively new 
for Japanese engineers, and engineering societies in Japan have historically not operated like their 
Western counterparts, instead mainly focusing on creating standards for education and industrial 
practices. Indeed, most have had little historical engagement with codes of ethics or accreditation-
related activities. Downey et al. reported that the Japanese Society of Civil Engineers has had a 
statement of “Beliefs and Principles of Practice for Civil Engineers” since at least 1938 but argued 
that it was “of relatively little consequence” (2007, p. 480). Another notable exception is the Japan 
Consulting Engineer Association’s (JCEA) first ethics codes (published in 1951 and 1961), which 
reflected influences from counterpart American societies (Kenichi, 2021). Kenichi additionally 
reports that Kimura Hisao, Chair of the IEEE Computer Society’s Japan Chapter, advocated for 
developing ethics codes among Japanese engineering societies in the 1960s and 1970s. Yet others 
expressed reluctance, arguing that (1) codes of ethics might encourage engineers to demand their 
own rights to the detriment of their social responsibilities and (2) it was unnecessary to develop 
codes of ethics for individual fields when there should be a code of ethics for all professional 
societies (Kenichi, 2021). Some IEEE Japan board members were also worried that establishing a 
code of ethics for a particular association (e.g., IEEE Japan) might be a selfish act, disturbing the 
harmony of the scientific community in Japan (Kenichi, 2021).

In the 1990s, the Japanese government undertook initiatives to internationalize engineering 
education programs and qualifications with the goal of making their engineers more globally com-
petitive, in turn setting in motion a burgeoning professionalization movement. Engineering socie-
ties also started to establish their own ethics codes (Kenichi, 2021), and in 2000 the Japanese diet 
(legislature) passed an updated Professional Engineers Law, which explicitly referred to the ethical 
duties of engineers (Downey et al., 2007). Another key development involved the 1999 founding of 
the Japan Accreditation Board of Engineering Education (JABEE), which created an accreditation 
system similar to the US model. And in 2002, an ethics outcome was added to Japan’s accredita-
tion criteria, stipulating that graduates of accredited programs should demonstrate “understand-
ing of … engineers’ social responsibilities (engineering ethics)” (Downey et al., 2007). Yet early 
efforts to develop and roll out accreditation criteria came with growing recognition that there was 
a lack of ethics education in Japanese engineering education and uncertainty about how it should 
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be taught (Iseda, 2008; Kanemitsu, 2021). Nonetheless, Sato and Harada (2005) found that 76.1% 
of surveyed institutions were soon thereafter offering courses in engineering ethics.

During this same period, the Japanese Society for Engineering Education (JSEE) established 
a committee to study the syllabi of engineering ethics courses in Japan and found that they incor-
porated some core ideas and key concepts from Western engineering ethics, such as the analogy 
between ethical problem-solving and design thinking and specific tools for ethical decision-
making (Kobayashi & Fudano, 2004). The JSEE’s Engineering Ethics Research Committee also 
assumed an instrumental role in providing nationwide guidance and resources related to engineer-
ing ethics education. Since 2012, this committee has developed three versions of the “Learning 
and Educational Objectives of Engineering Ethics Education.” The most recent version features 
four learning objectives: (1) understanding the relationship between science, technology, society, 
and the environment (cognitive domain); (2) understanding the role, responsibilities, and duties 
of engineers (cognitive domain); (3) ethical judgment abilities and problem-solving abilities (cog-
nitive domain); and (4) attitudes and shared values as professional engineers (affective domain) 
(Kobayashi & Fudano, 2016). These are in general alignment with current JABEE requirements, 
with one of the nine learning criteria focused specifically on “understanding of effects and impact 
of professional activities on society and nature, and of professionals’ social responsibility.” This 
criterion is in turn elaborated with a series of more specific statements:

• “Understanding of impact of technology of related engineering fields on public welfare”
• “Understanding of implication of technology of related engineering fields on environmental 

safety and sustainable development of society”
• “Understanding of engineering ethics”
• “An ability to take action based on the understanding mentioned above” (JABEE, 2016, 

p. 4).

Additionally, a dedicated design criterion specifies that graduates should be able to “specify con-
straints from public welfare, environmental safety, and economy” (JABEE, 2016). Such state-
ments reflect a fairly typical range of concerns found in many accreditation frameworks. (For more 
on Japan, see Chapter 33.)

China (mainland)

Contemporary concerns about quality assurance in Chinese higher education must be situated 
against a much longer historical legacy and backdrop, including the civil-service examination 
system in Imperial China, which serves as one of the very first examples of a standardized test 
system (O’Sullivan & Cheng, 2022). This system ensured that students met the criteria (or ‘learn-
ing outcomes,’ in a modern sense) for professional politicians and bureaucrats serving the Imperial 
government – some of whom later became what we would now call engineers (Dodgen, 2001). 
The state employed various efforts and tactics to indoctrinate examinees, including through gov-
ernment-issued textbooks and the contents of the exam itself (Lin, 2021).

In more contemporary terms, developing countries such as China have often taken a pragmatic 
approach to developing professional standards and accreditation systems. This can take the form 
of borrowing from the West, as reflected in a series of ethics codes published from 1933 onward 
by the Chinese Institute of Engineers (CIE) (Zhang & Davis, 2018). As Zhang and Davis (2018) 
argue, the adaptation and evolution of these early codes seemed to reflect practical realities and 
national development objectives rather than Confucian cultural values. They and others (e.g., Cao, 
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2015) have additionally noted a lack of formal ethical codes for engineers in mainland China from 
the Communist Revolution (which ended in 1949) to the present. Yet this is not surprising given 
China’s ideological context, that is, where Western ideas of autonomous, independent profession-
alism stand in tension with Communist party authority and values.

Nonetheless, ethics and related concepts have recently surfaced in engineering education, par-
ticularly against the backdrop of a pragmatic approach to accreditation policy-making. Given the 
lack of a pre-existing accreditation model, the Washington Accord was used as an actionable ‘startup 
template’ in China, but without fully acknowledging or challenging its fundamental ideas, concepts, 
and assumptions (Zhu, Jesiek, & Yuan, 2014). Chinese policy-makers made adjustments to the 
ABET accreditation process to ensure that the resulting policies were better aligned with China’s 
unique cultural and political context (e.g., by seeing ethics and ideological education as related or 
interchangeable). Accreditation expert and former university administrator Li (2017) observed that 
the adoption of the Washington Accord accreditation criteria in the early development of China’s 
engineering accreditation system served the pragmatic goal of ensuring that the professional quali-
fications of Chinese students who graduate from accredited programs would be recognized by other 
Washington Accord signatories – thus enabling global mobility of Chinese talent.

In 2013, China became a provisional member of the Washington Accord, and in 2016 a full 
signatory member. Scholars have argued that a major motivation for establishing an accredita-
tion system for engineering education was in part linked to concerns over academic quality and 
administration (Wang, Zhao & Lei, 2014). Wang et al. also pointed out that, in contrast to other 
countries, China’s accreditation system exhibited more ‘top-down’ characteristics. Rather than pri-
marily relying on representatives from industry to shape the standards for accreditation, the central 
government spearheaded coordination and policy-making, including organizing expert panels for 
formulating learning outcomes for engineering programs.

Current Chinese accreditation standards include ethics-related statements in four different 
outcome categories, namely (c) Design/Development Solutions, (f) Engineering and Society, (g) 
Environment and Sustainable Development, and (h) Professional Ethics. Notably, the only direct 
mention of social responsibility in engineering is in outcome (h), which states that students who 
graduate from accredited programs should “possess literacy in humanities and social sciences and 
social responsibility,” be able to “understand and comply with professional morality and norms in 
engineering practice,” and “exercise [their] responsibilities” (CEEAA, 2022a, section 4.3). Like 
many other accreditation policies, the other learning outcomes noted here (i.e., (c), (f), and (g)) 
variously indicate that engineering practice – including design, analysis, and problem-solving 
activities – should include attention to social, environmental, health, legal, and cultural, and other 
impacts.

Nevertheless, Li (2017) reminded engineering educators in China that accreditation criteria 
should not be considered equivalent to engineering program quality standards. In other words, 
the accreditation standards are a minimum benchmark, and the ethics-related learning outcomes 
may not wholly satisfy the government’s expectations regarding graduate engineers’ ethical and 
political qualities. For instance, some moral and ideological educational goals set by the central 
government – such as cultivating the builders and successors of Socialism with comprehensive 
development in morality, intelligence, physical fitness, and aesthetic appreciation – are not explicit 
in the accreditation policies but are nonetheless central to the training of Chinese engineers.

Given the top-down governance structure of China’s policy-making, China has also employed 
multiple tactics to ensure that engineering programs and accreditation experts accurately inter-
pret the accreditation criteria set by the central government and incorporate them into educational 
reforms and program evaluations. To begin, the government implemented several ‘innovative’ 



Perspectives on ethics in accreditation 

587

organizational structures to purportedly guarantee the ‘autonomy’ of accreditation activities while 
also maintaining the central government’s influence in accreditation practices. It designated the 
Chinese Association for Science and Technology (CAST) as the official agency responsible for 
representing China’s membership within the Washington Accord. The major accreditation body, 
the Chinese Engineering Education Accreditation Association (CEEAA), then became a corpo-
rate member of CAST, despite the fact that CEEAA was initiated by and located in the Chinese 
Ministry of Education. As “the largest national non-governmental organization of scientific and 
technological workers in China,” CAST oversees other engineering societies such as the China 
Civil Engineering Society. Additionally, these societies were granted the authority to offer expert 
guidance and direction concerning engineering accreditation within their respective fields of exper-
tise. Therefore, one notable aspect of engineering ethics education in China is that engineering 
societies organize nationwide professional development activities that train faculty in their specific 
engineering fields to teach discipline-based engineering ethics (e.g., civil engineering ethics, safety 
engineering ethics, etc.).

From as early as 2016, the central government has also regularly published guidelines on 
how to interpret and implement the accreditation criteria appropriately. The Chinese Engineering 
Accreditation Association (CEEAA) published the two most recent guidelines in 2020 and 2022. 
These guidelines provide details on how each learning outcome should be evaluated and how to 
understand certain key terms such as ‘ethics’ and ‘social responsibility’ in students’ learning out-
comes. In the most recent revision, one of the six major guiding principles is related to the cultiva-
tion of responsible engineers:

To further clarify the requirements for implementing the fundamental task of “cultivating 
moral character and nurturing talented individuals,” it is demanded that the educational 
objectives of professional training reflect the education policy of fostering socialist con-
structors and successors who possess comprehensive development in morality, intelligence, 
physical fitness, aesthetics, and labor. The graduation requirements should also incorporate 
relevant content regarding socialist core values.

(CEEAA, 2022b, pp. 5–6)

As this statement suggests, the pragmatic adaptation of Western professional standards and pro-
cesses in the Chinese context reflects a core concern with positioning ideological allegiance to the 
Chinese Communist Party (CCP) above other types of ethical commitments and values.

Discussion and conclusion

As documented in this chapter, modern forms of accreditation in higher education have strong 
historical roots in the US system of higher education. The first formal mechanisms to accredit 
engineering degree programs also originated in the United States, evolving considerably over a 
century-long period and ultimately having a marked global influence. However, explicit attention 
to ethics and related concerns in accreditation requirements is a more recent trend. For the coun-
tries examined in this chapter, such statements first appeared in 1970s-era policies in the United 
States and Canada. These same guidelines additionally reflected the early presence and influence 
of outcomes-based educational philosophies, albeit in tandem with period expectations for content 
and curricula as ‘inputs’ for engineering degree programs seeking accreditation. A more wide-
spread transition to outcomes-based standards for engineering education occurred from the 1990s 
onward, accompanied by growing attention to ethics and related concerns.
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Further, the preceding account suggests considerable convergence toward a common, core set 
of ethics-related outcomes in accreditation frameworks in many different countries and regions. 
Such documents most often refer to (1) professional/ethical responsibilities in general; (2) eth-
ics as an ‘upstream’ constraint or consideration in problem solving, design, and so on; and (3) 
the ‘downstream’ impacts of engineered solutions on society. Further, most accreditation policies 
now mention environmental and/or sustainability concerns, in some cases as dedicated learning 
outcomes. Interestingly, the scope of ethics-related outcomes in the two global policies introduced 
above (Washington Accord and EUR-ACE) essentially cover this outcome space.

It is worth pondering whether and how a kind of global ‘standard’ for accreditation has been 
developed and advanced in recent decades, in part linked to broader processes of globalization. 
Yet our analysis suggests notable points of difference and divergence. For example, we observe the 
somewhat recent appearance of diversity and equity considerations in some accreditation criteria, 
such as Canadian policies that jointly refer to ‘ethics and equity.’

It remains to be seen whether similar statements start to appear in other accreditation frame-
works. We also find that explicit mention of ethical codes of conduct or practice only appears in 
general accreditation guidelines from the United Kingdom, even though such codes are well estab-
lished in many other countries discussed above. Further, our analysis suggests important contextual 
nuances in two East Asian settings. The overarching storyline in Japan seems most significantly 
inflected by local cultural values (e.g., collectivistic ways of being, promoting social harmony) and 
particular understandings of how Japanese engineers contribute to national progress. The Chinese 
case is likely also shaped by similar cultural values, but with political and ideological forces at the 
forefront, especially in terms of ensuring that the ethical and social responsibilities of engineers 
align with party values and priorities.

There were, of course, practical limits to the breadth and depth of analysis we were able to 
present here, and we acknowledge a growing body of scholarship exploring engineering accredi-
tation histories and trends in other contexts, developed and developing countries alike. We hope 
our efforts inspire more cross-national comparative research, and indeed highlight emerging 
opportunities for bringing more ethics-related outcomes into accreditation guidelines world-
wide.
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Introduction

The previous chapter in this handbook outlined the development of accreditation practices and 
documents over time. This chapter picks up where Chapter 32 ends, describing the ‘here and now’ 
and assessing the state of the multicultural context at a point when people are connected trans-
nationally more than ever before. This chapter probes the words used in current accreditation pol-
icy documents as these words influence curriculum design. We consider how terms used in various 
countries’ documents compare and look for values-related patterns using an established cultural 
framework. In summary, this chapter aims to initiate discussion and probe the following questions:

 1) How is engineering ethics described in accreditation documents?
 2) What commonalities and differences are evident trans-nationally?
 3) What patterns can be observed in the way learning outcomes or competencies are written 

that can provide insight into how ethics might be taught to engineering students?

The chapter is presented in two parts: (part 1) a global analysis that addresses the first two research 
questions and (part 2) four case studies to address the third research question. We begin by describ-
ing our positionalities to illustrate why we care about this topic.
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South Africa), Mircea Toboșaru (MT, Romania), and Fumihiko Tochinai (FT, Japan). This chapter 
would not have been possible without the tremendous efforts – in translating texts, extracting data, 
reviewing and critically evaluating national accreditation documents – presented in our previous 
studies by our colleagues.

The idea of critically analyzing ethics education through the lens of accreditation was sparked 
by an organic discussion at the European Society of Engineering Education (SEFI) special inter-
est group on ethics (SIG-Ethics) at the SEFI 2020 conference, held virtually. It was from this 
discussion that the policy subgroup of SIG-Ethics was born with the aim of critically analyz-
ing the portrayal of ethics in engineering accreditation documents across countries in order to 
observe regional and global trends and differences. The group started with four members (SJ, HK, 
DM, YS), where the quantitative framework and qualitative analysis was first developed and pub-
lished with four countries analyzed in a European-focused study (Junaid et al., 2021). The group 
expanded with colleagues from Africa, Asia, Europe, North America, and South America joining 
the policy group (AGE, JL, JFJM, KN, MP, CS, MT, FT) to carry out a global analysis, with a 
global team and diverse voices. This resulted in a publication in 2022, further developing our 
quantitative approach and introducing a new qualitative cultural framework (Junaid et al., 2022). 
This chapter builds on the work and brings more focus on values (through case study narratives) 
and a new statistical approach to pattern observation through principal component analysis (PCA). 
This is an ongoing project by the SEFI Ethics SIG, and any researcher or practitioner working 
on accreditation is welcome to join by contacting Sarah Junaid (the project lead) or Diana Adela 
Martin (the SIG-Ethics co-chair).

Authors’ positionalities

Wishing to compare the place of ethics in engineering education in different cultures, this chapter 
presents the findings and personal narratives derived from the words used in accreditation policy 
documents. The discussion of values is core to this chapter, and as such, it is important to describe 
the background of the authoring team that shapes our perspectives and informs our contribution 
to this handbook. The five authors are engineers and experimental physicists by training, with 
expertise in various fields (biomedical, civil, electrical, environmental, and general engineering). 
We are all active in higher education at the levels of practical teaching, curriculum development, 
and influencing national frameworks for engineering ethics education. We vary culturally and we 
identify across four different cultural clusters (more about cultural clusters is presented below). 
We seek increasingly global representation in our group of collaborators. However, this chapter 
has a heavy representation of policy documents available in English or documents that our team 
could translate into English. We recognize we have yet to capture the complete landscape, and the 
chapter is biased toward Western values. However, we have tried to bring diverse voices into this 
discussion through our affiliations, global networks, and cultural identities.

The premise of the chapter is based on the policy work carried out by the European Society of 
Engineering Education (SEFI) special interest group Ethics (SIG-Ethics).

Together, we believe that, in educational practice today, ethics and moral decision-making are 
usually taught peripherally to technical subjects; they feature in curricula in limited ways. We 
assert that ethics must be integrated more into higher education engineering programs. Although 
some practitioners advocate for change – and communities of practice in engineering ethics are 
starting to gain critical mass – such grassroots efforts need top-down enablers to facilitate wider 
adoption. Accreditation is an essential mechanism for precipitating change. Thus, we evaluate how 
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much and in what ways ethics is articulated in the documents of various nations and accrediting 
bodies, representing as much of the globe as we have been able to access to date.

Part one: analysis of how engineering ethics is portrayed 
in accreditation documents within various clusters

Background

This study constitutes a step towards a global comparative analysis of policy documents that 
inform the design of engineering curricula. It aims to identify differences in ethics learning out-
comes and competencies required for engineering courses trans-nationally. Research indicates that 
social and cultural dimensions are critical in normative ethics and moral reasoning (Alas, 2006). 
As such, we believe that countries’ policy documents will reflect cultural norms and societal val-
ues that will consequently influence graduates’ ethical awareness and engineers’ ethical practices. 
Honest reflection and decision-making are integral parts of our social construct where a social 
collective creates and accepts ideas and concepts. Yet the demarcation and presumed separation 
of moral reflection and logical thinking have been noted at engineering, governmental, and policy 
levels (Bacchi, 2007). Bacchi posits that a broader engagement of ethical reflection in policy-
making is needed; she recommends reducing the dependence on ethicists shaping policy – more 
engineers and experts from diverse fields must get involved. Indeed, higher-education policy is 
influenced by the political and economic framework it sits and operates within (Ball, 2015a), and 
these voices should chime in on policy formation. Policy, by its nature, is not neutral; it reflects the 
collective value system. A well-rounded constituency can help shape policies that more effectively 
support the collective.

Bardi and Goodwin (2011) assert that values – the ideals people perceive as necessary – drive 
how they think, perceive, act, and behave. Although values can be considered universal, cultures 
vary in the hierarchy they allot and the importance they place on various aspects, and these vary 
on individual and collective bases. Collective values can be regarded as part of the cultural identity 
of a group; however, Bardi and Goodwin note that they are subject to change due to time, critical 
events, personal choices, and environmental factors.

Understanding ‘policy as text’ means assessing how policy is written, whereas understanding 
‘policy as discourse’ requires considering policy implementation (Ball, 2015b). Both can provide 
insight into underlying values expressed in policy. The power of policy language can express 
neoliberal structures and economic values embedded in our social structure (Beasley & Bacchi, 
2007). This has implications for our higher education institutions (HEIs) and the engineers trained 
to work within these structures.

Policies play a significant role in the interpretation and design of engineering curricula. They 
can, therefore, be used to shift values by recommending or requiring specific ways of thinking, 
perceiving, acting, and behaving. The implications at this level are systemic, and an analysis of 
how ethics is conveyed (policy as text) can provide insight into how it (policy as discourse) could 
be used. Viewing national engineering accreditation documents through the lens of cultural struc-
tures can help us understand such implications regarding the degree to which ethics education is 
embedded in engineering locally, nationally, and globally. The caveat to this work is an awareness 
that there is no universally agreed definition of ‘ethics’ and, as such, ethics has been explored by 
identifying associated terms – ones that appear implicitly in the context of the engineering profes-
sion.
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A conceptual framework for the study 

We endeavor to produce a trans-national review of accreditation documents, which presents some 
challenges, and the work reported in this chapter is part of our ongoing efforts to do so. In reveal-
ing the political dynamics in engineering accreditation systems in five anglosphere countries, 
Klassen (2018) highlighted the importance of analyzing relevant literature and policy documents 
of the engineering curricula in political, organizational, and historical contexts, using pluralist 
political theory. Our study builds on Klassen’s groundwork, acknowledging the importance of the 
dimensions he noted. So, realizing that not every country can be included in exploratory analyses 
of the type we are conducting, we sought to establish a framework and research methodology to 
help us address the challenges of representativeness, sampling bias, and language interpretation. 
We considered how we would categorize countries and what meaningful classification tools we 
could use to analyze ethics at the policy level.

We adopted a model based on cultural identities in the workplace pioneered by Geert Hofstede 
et al. (2010, 2011). The seminal ‘Hofstede model’ is not specific to engineering education; it was 
drawn from comparative research of corporate environments and organizational cultures across 
more than fifty countries. According to Hofstede, “Culture is the collective programming of the 
mind that distinguishes the members of one group or category of people from others” (Hofstede, 
2011, p.3). Therefore, culture is a collective phenomenon that groups of people construct.

Hofstede’s model was built using IBM’s database of 100,000 surveys collected via the com-
pany’s network involving 50 countries. It was later expanded to other corporations but was made 
without input from non-corporate organizations, such as rural or not-for-profit entities.

Despite its limitations, the Hofstede model provides an empirically grounded way to classify 
various cultural contexts regarding six factors. Any cultural group can be located somewhere 
along a continuum for each of the six factors that Hofstede presented as dichotomous or ‘bi-polar’ 
dimensions, with extremes labeled at either end. The six dimensions of culture involve power 
distance, uncertainty avoidance, masculinity versus femininity, individualism versus collectivism, 
long-term versus short-term orientation, and indulgence versus restraint. Power distance entails 
acceptance of those without power and the level of equity in power distribution within the group, 
society, or culture. Uncertainty avoidance depicts the degree of desire for predictable outcomes 
and avoiding an uncertain future. Masculinity versus femininity is the societal preference towards 
achievements and ambition versus altruistic motivations, traditionally associated with the distri-
bution of roles between men and women. Individualism versus collectivism regards how people 
relate to each other and make decisions based on individual needs versus group needs. Long-term 
versus short-term orientation entails the preference of efforts towards the future, such as pragmatic 
problem solving, forward-looking, and adaptability of traditions (balancing the present and past, 
related to steadfastness and preservation of traditions). Indulgence versus restraint relates to rela-
tive control in allowing gratification of human needs and desires versus social norms and codes 
that may regulate them.

Some criticisms were voiced against Hofstede’s work (Kirkman et al., 2006), precipitating 
refinement; the Hofstede model was built upon by the Global Leadership and Organizational 
Behavior Effectiveness (GLOBE) initiative to cover 150 countries. It expanded from six dimen-
sions to nine: performance orientation, future orientation, gender egalitarianism, assertiveness, 
institutional collectivism, in-group collectivism, power distance, humane orientation, and uncer-
tainty avoidance. Like the Hofstede model, the GLOBE model is also based on business interests.

In this chapter, we reference 11 cultural clusters. In this study, we used the GLOBE cultural 
clusters and the dimensional factors formulated by Hofstede to cluster and analyze policy docu-
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ments related to engineering ethics education. Despite the emergence of the more elaborate 
GLOBE model, we also drew from the Hofstede model due to its usefulness and simplicity for 
mapping features to distinguish different cultures. We used GLOBE as a primary guide for cluster-
ing and the Hofstede dimensions to compare various aspects of the clusters’ accreditation docu-
ments.1 Based on these models, we identified 11 global cultural clusters: Anglo, Arab, Confucian 
Asia, East Europe, Germanic Europe, Latin America, Latin Europe, Middle East, Nordic Europe, 
South Asia, and Sub-Saharan Africa (GLOBE Foundation, n.d.; Hadwick, 2011; House et al., 
2002; Ronen & Senkar, 2013). Although these models were developed in the business sector, they 
hold applicability for engineering, which has corporate, business, and management dimensions. 
From a philosophical perspective, however, there is a distinction between engineering practice and 
engineering business. The roles of engineering in civic life, social entrepreneurship, and policy-
making are not restricted to engineering within corporate practices. These should be explored 
further to challenge assumptions regarding the role of engineering and engineers in society. The 
results could help engineering downplay its corporate identity and provide increased focus on the 
needs of future societies. Despite their corporate emphasis, these two models offer a starting point 
for assessing historic and present structures; they can help us contextualize the different roles of 
engineering. The Hofstede and GLOBE models provide a valuable lens for clustering cultures 
in meaningful ways based on explicit dimensional factors. We recognize that, by applying this 
conceptual framework, we neglected other temporal and regional factors that influence curriculum 
development. For example, competencies identified by recent document of France’s Commission 
des Titres d’Ingénieur (CTI) 2022 include sustainability-related changes. The changes address cur-
rent and imminent socio-environmental needs that have led to legislative changes within national 
and European Union laws.

Collection of accreditation documents 

The authors of this chapter are part of an international team of colleagues who have previously 
analyzed accreditation documents across 12 countries within five continents to identify trends 
and differences (Junaid et al., 2021; Junaid et al., 2022). These studies used a mixed-methods 
approach, which involved quantitative analyses of key ethical terms used both explicitly and 
implicitly and qualitative analyses of learning outcomes stated in accreditation documents based 
on the cognitive level (degree of thinking versus doing) they require of students. We used the same 
accreditation documents collected earlier and, for this chapter, conducted additional analysis using 
the culture-based conceptual framework presented above. By including 12 countries, our analyses 
have represented parts of seven different cultural clusters, identified using the abovementioned 
GLOBE clustering and Hofstede dimensions.

Thus, accreditation documents for both studies came from the following 12 countries. The cul-
tural cluster each represents is indicated first, and the name of the country or countries involved is 
shown (in parentheses): Africa (South Africa); Anglo (Canada, Ireland, South Africa, the United 
Kingdom, and the United States); Confucian Asia (Japan); East Europe (Romania); Latin America 
(Colombia); Latin Europe (Belgium, France, French-speaking Switzerland); and Nordic Europe 
(Sweden). Note that South Africa was considered in two clusters, Anglo and African, due to the 
disparate cultures within the country. A total of ten accreditation documents were analyzed in 
the previous study. In most cases, we used the country’s accreditation documents. However, the 
CTI French accreditation has been sought by Swiss and Belgian institutions on a voluntary basis. 
Therefore, we consider this CTI French accreditation document as representative of Latin Europe 
cluster. For this chapter, the author team analyzed previously collected accreditation documents 
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to answer new research questions and conducted additional exploratory analyses using statistical 
procedures to yield a deeper understanding.

Cultural analysis 

We carried out the cultural analysis for this chapter in two phases: (1) quantitative analyses to inves-
tigate learning outcomes explicit and implicit to ethics using the list of terms derived from the studies 
(Junaid et al., 2021; Junaid et al., 2022) and (2) qualitative analyses to investigate verb usage associ-
ated with the relevant learning outcomes. Quantitatively, in the previous studies, we counted the fre-
quency of explicit terms (where the word ‘ethics’ or ‘ethical’ appeared) and terms that implied ethics 
(using a list of keywords). To develop the list, we extracted a range of keywords from the contents 
page of five engineering ethics textbooks (Junaid et al., 2021; Junaid et al., 2022). Then, we collated 
the words and achieved consensus across the authors regarding the refined list for use in coding. The 
14 key terms we identified that implicitly reference ethics are ‘global view,’ ‘values,’ ‘profession,’ 
‘responsibility,’ ‘charters and codes,’ ‘critical reasoning,’ ‘organization,’ ‘safety and risks,’ ‘sustain-
ability,’ ‘international context,’ ‘integrity,’ ‘technologies,’ ‘justice,’ and ‘society.’ Variations of these 
terms, for example, ‘professional’ and ‘societal,’ were also included in the word search.

In the previous study, our subsequent qualitative analyses of verb usage investigated the context 
of the explicit terms concerning learning outcomes and competencies. We incorporated advice 
from ‘A pragmatic master list of action verbs for Bloom’s Taxonomy’ published by Newton et 
al. (2020). Verbs appearing in accreditation documents regarding clear requirements for ‘ethics’ 
or ‘ethical’ indicated what students should be able to do. We cross-examined the verbs we found 
using Bloom’s learning taxonomies. Our reason for excluding learning outcomes that did not 
explicitly mention ethics was due to the broad interpretation that people using the documents can 
adopt; for example, sustainability in curriculum design may focus wholly on technical solutions 
to the problem rather than also addressing the ethical implications of the solutions and of how the 
solutions (such as products) are created or manufactured. Equality, diversity, and inclusion were 
also not considered in our analyses for three reasons:

 1) These topics have cultural and political contexts, which are highly sensitive to regional and 
national variability.

 2) These subjects are often managed at the organizational level and may not necessarily be 
captured at the policy level. This may wrongly skew any interpretation of these subjects, 
possibly introducing new prejudices that will be counter-productive to the aim of this work.

 3) These topics require more data and need to be addressed in further depth than the study 
presented here. This chapter reports a solid start and offers a way forward.

We did not explore the nuances in linguistics or local differences in word interpretations. To avoid 
introducing differences in linguistic translations, the previous study was carried out in English. 
This included using official English translations of accreditation documents where possible. 
Exceptions to this were Colombia, Romania, and France because authors on our team are native 
speakers and were able to interpret applicable documents (Junaid et al., 2022).

Analysis of explicit and implicit ethical terms 

The results of earlier work, presented in full in Junaid et al. (2022), indicate that the word ‘ethics’ 
and ‘ethical’ appear from two to ten times across the ten documents (average 4.7 +/- 2.6 across cul-
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tural clusters) across the learning outcomes and competencies. This contrasted with the 14 implicit 
reference terms, which were found more frequently than the explicit terms. The implicit terms 
occurred between 6 and 187 times (average 88.7 +/- 62.4 across clusters). The documents under 
review varied in length from approximately 500 words (Sweden) to over 100 pages (Canada), and 
this is one reason for the wide variation in frequency found.

Moreover, some implicit terms were more heavily emphasized than others. Most notably, ‘pro-
fession,’ ‘society,’ ‘charters and codes,’ ‘international context,’ and ‘responsibility’ represented 
around 70% of occurrences of implicit terms across all ten documents. The remaining words such 
as ‘values’ and ‘integrity’ accounted for less than 10% of term usage across groups. The word ‘jus-
tice’ did not appear in documents of any culture (except the root word ‘just,’ which we will discuss 
in the case study of Colombia), and this supports the claim that engineers have generally assumed 
an apolitical and asocial stance. This omission could be seen as suppressive due to the principal 
role justice plays in respectful current theories about the origin and aims of morality, particularly 
in the development of moral philosophy to support moral decision-making. From a philosophical 
viewpoint, empathy and justice are keywords used to describe morality. Therefore, we found it 
surprising that neither term was present despite the increasing trends toward considering ethics in 
policy documents and curricula. More central to this, justice is recognized as one of the fundamen-
tal pillars of personal ethics and morality, which are values developed during a person’s infancy. 
Studies have also shown human species developing moral capabilities for over two million years 
(Tomasello, 2016).

Comparing cultural clusters, our analyses revealed clear differences in emphasis of implicit 
ethical words. These may be explained by considering the different historical, cultural, and legal 
frameworks for accreditation in each country, but, due to the complexity of the problem and the 
scarcity of information on the matter, a complete comparison is beyond the scope of this chapter. 
To provide some examples, however, within documents from the Anglo, Latin European, and 
African clusters, the words ‘profession’ and ‘security and risks’ occur most frequently. We believe 
that certain similarities apparent among these three cultural clusters could relate to (a) the geo-
graphical and cultural proximity between Latin Europe and some Anglo countries (Ireland and the 
United Kingdom) and (b) the presence of the British Empire in South Africa during the nineteenth 
and twentieth centuries. These clusters’ focus on safety and risk is perhaps a by-product of indus-
trial revolutions from the eighteenth century onwards, where manufacturing, mass production, and 
rapid economic growth in places like the United Kingdom also brought in an increasing regard for 
human safety, the need for standardization, and the introduction of professional institutions. The 
differences may also highlight the social and historical contexts at play. For example, the Latin 
European cluster emphasizes ‘sustainability’ more than the African cluster, which more often 
refers to ‘security and risk,’ perhaps reflecting areas of concern nationally. Our analyses suggest 
additional variations and commonalities among clusters that warrant future investigation using 
historical, economic, political, and/or social lenses.

For this chapter, we conducted PCA (principal component analysis) to explore the occurrence 
of the implicit terms across the cultural clusters (including a total of ten countries) to help us 
understand the results of the prior work reported by Junaid et al. (2022). The PCA projected vec-
tors in a two-dimensional space using (a) the seven cultural clusters as dependent variables and 
(b) the 14 implicit terms as dependent variables (Figure 33.1). By setting these as ‘dependent 
variables,’ we can identify patterns in variance between clusters and between implicit terms used 
in the accreditation documents. It is important to note that although South Africa is identified as 
belonging to both Anglo and African clusters, the country was included in the African group and 
not included in the Anglo group to avoid data duplication.
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Looking first at Figure 33.1a, the first two principal components add up to 67% of the cumu-
lative explained variance, and the first three, together, explain up to 84% (note: the cumulative 
explained variance is not shown in the figure). It’s important to note that the matrix contains a 
relatively small amount of non-homogeneous data – among the documents consulted, some refer 
exclusively to accreditation processes in engineering and others to a broader set of professions 
– and the documents are very dissimilar in their structure. As a result, this analysis represents an 
exploratory first step to help us better understand the situation. Due to the small sample group, we 
graph and report our findings with reference to the individual countries and their respective clus-
ters, and we use the terms ‘country’ and ‘cluster’ interchangeably in our reports.

Some points we observed in the Figure 33.1a statistical matrix were:

 1) The Anglo cluster (Canada, Ireland, the United Kingdom, and the United States) published 
the most inclusive range of terms, and thus sits closest to the center of null variance. In addi-
tion, at least in the two-dimensional analysis, the cluster with the second lowest variance is 
France (representing Latin Europe), closely followed by South Africa (of the African clus-
ter).

 2) The data for Colombia (Latin America), Romania (Eastern Europe), Sweden (Nordic), and 
Japan (Confucian) are peripheral compared to the central core of the rest of the countries in 
the figure. The proximity between Japan and Colombia does not imply significant cultural 
similarities between both countries. This pattern suggests that statistically speaking, South 
Africa, France, and the Anglo cluster have similarities across their accreditation documents 
regarding ethics. In contrast, the distances between the other countries indicate that their 
ethics accreditation words differ substantially in these two principal components that are, as 
of yet, unknown. 

Figure 33.1  PCA diagrams in two dimensions using (a) the seven cultural clusters as dependent variables and 
(b) the 14 implicit terms as dependent variables. NOTE: the United Kingdom and United States 
are shown as UK and USA respectively.
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 3) In the direction of the first principal component (PC1), Sweden is markedly opposite to 
Romania. This indicates differences in the data corresponding to the categories ‘charters and 
codes’ and ‘profession,’ which are the most important for Romania but do not even appear 
in the Swedish documents. The Hofstede index relating to PC1 is possibly most influenced 
by power distance (PDI) due to the differences across countries for this index. Power dis-
tance entails acceptance of those without power and the level of equity in power distribution 
within the group, society, or culture. Among these countries, Romania has the highest PDI 
at 90, while Sweden has the lowest at 31. Listed from highest to lowest PDI: Romania (90), 
France (68), Colombia (67), Japan (54), South Africa (49), Anglo (36), and Sweden (31) 
(Hofstede et al., 2010, pp. 57–59). Although PC1 is not correlated with PDI in all countries, 
it is reasonable to interpret that ‘profession,’ which is oriented towards higher social status, 
and ‘charters and codes,’ which are the requirements for the status, are correlated with PDI.

 4) In the direction of the second principal component (PC2), The category most influencing it 
is ‘society,’ and the Hofstede index relating to it is individualism (IDV). Collectivist coun-
tries with low IDV tend to have higher PC2: from highest, Colombia (13), Romania (30), 
Japan (46), South Africa (65), France (71), Sweden (71), and Anglo (83) (Hofstede et al., 
2010, pp. 95–97). Here, IDV and PC2 do not precisely correlate, as Romania, with an IDV 
of 30, which is lower than Japan and can be interpreted as collectivist, has a lower value 
in PC2. However, it is reasonable to interpret that society orientation and collectivism are 
correlated. At least, the tendency towards individualism or collectivism should have a sig-
nificant influence on their engineering ethics.

Shifting now to Figure 33.1b, where the implicit ethical terms were defined as dependent vari-
ables, the first two principal components added up to 46% of the cumulative explained variance, 
and the first three added up to 68%. For this case, the following patterns were observed:

 1) In the direction of the first principal component, the terms with the most variance were ‘pro-
fession’ and ‘society,’ which, together with ‘charters and codes,’ were those with the highest 
percentage in frequency of occurrence in the global analysis. These three terms were used 
heavily in the referenced documents, in contrast to the other terms.

 2) In the direction of the second component, the greatest distance, and thus most considerable 
variance, corresponded to ‘technologies’ and ‘charters and codes,’ but at opposite ends of the 
scale. At the same time, the term ‘safety and risks’ appeared close to ‘technologies.’

 3) Several terms grouped tightly together: ‘global views,’ ‘integrity,’ ‘organization,’ ‘values,’ 
and ‘justice.’ Moreover, ‘sustainability,’ ‘responsibility’, ‘international context,’ and even 
‘critical reasoning’ were not far removed from this tight cluster. However, several of these 
terms (‘justice,’ ‘values,’ ‘integrity,’ and ‘global views’) were consistently underrepresented 
across the accreditation documents, which explains the lack of variance seen. On the other 
side, the terms ‘society,’ ‘profession,’ and ‘charters and codes’ stand almost in opposition to 
the tight cluster and the rest of the terms. These peripheral terms indicate the most variance 
between accreditation documents.

Interpretation of the cultural analysis 

Our analyses of implicit ethical terms found that words such as ‘justice,’ ‘integrity,’ and ‘values’ 
are sorely missing. These may be hidden or assumed to be covered under other umbrella terms 
like ‘ethics’; however, ethics is an ambiguous term, and accreditation documents typically define 
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terms with a greater level of clarity to reduce confusion and help ensure reliable results across 
assessment teams, for instance. Values, like ethics, can be complex and can change due to time, 
environment, events, and personal reflection. Impermanent meanings and shifting interpretations 
may be reasons why these words have sometimes been avoided in writing accreditation docu-
ments (Beasley & Bacchi, 2007). We found considerable differences among cultural clusters. For 
example, the term ‘charters and codes’ was highly emphasized in Latin America and East Europe, 
whereas the term was not mentioned in the Confucian Asia and Nordic Europe clusters. This 
may be due to the historical, political, social, or religious contexts or a combination of the four. 
It might also be due to mandating that engineers register with professional bodies to work in the 
profession. For example, graduates in Colombia (Latin America) from an unaccredited degree will 
not have their qualification recognized as a higher education engineering degree. It is necessary 
for graduates from Colombian universities to register with a professional body to work as engi-
neers. Therefore, it is unusual that the term ‘profession’ showed a stark drop in emphasis in Latin 
America compared to the other clusters. There may be social context that can explain this and 
would need to be explored further.

One way of examining the place given to ethics in engineering training curricula is to analyze 
the verb types related to the way ethics-related learning objectives are described. To this end, the 
taxonomies initiated by Bloom provide categories of verbs used to define learning objectives. 
Most variations of Bloom’s original taxonomy include six levels, from the most elementary to 
the most complex. The six levels can be summarized as follows: remembering, understanding, 
applying, analyzing, evaluating, and creating (Anderson et al., 2001; Krathwohl, 2002; Mallalieu, 
2023). For the verbs in the repositories we studied, the ‘apply’ level was the most represented 
when relating directly to ethics learning (39%). The ‘evaluate’ level was the least represented.

Nevertheless, if we consider that ethics will be an essential component of the role of engineers 
in the coming years, we might wish to move the level of objectives toward the highest level, ‘cre-
ate.’ This would mean that the passive ‘apply’ level would no longer be in the first rank – it would 
have to cede this top rank to a higher level that requires higher-order thinking.

The universal emphasis on ‘apply’ is understandable, with engineering requiring technical 
skill-based competencies. However, the low use of ‘evaluate’ verbs within subjects that link to 
ethical practice serves as an interesting area for further study. The more limited mention of ‘eth-
ics’ and ‘ethical’ learning outcomes that we found skewed towards more cognitive-based learning, 
that is, ethics education rather than ethical practice. A general analysis can hide national nuances 
that could help in understanding how ethical practice is influenced by accreditation-level learn-
ing outcomes. For example, France’s accreditation process is competency-based and, therefore, 
requires demonstrable practice of the competencies. This is reflected in the emphasis, in French 
accreditation documents, on ‘applying,’ ‘analyzing,’ and ‘synthesizing’ (Bloom’s original term) or 
‘creating’ (a modification made in later adaptations of Bloom’s taxonomy).

The analyses of verbs we present in this chapter have several limitations. Firstly, we acknowl-
edge the limitations of inferences derived from one (or only a few) representative countries within 
a cultural cluster; we do not intend to extrapolate the values from one country and act as if they 
represent the complete set. Rather, we use the Hofstede and GLOBE models to help us work 
toward wider inclusion of diverse cultures in our overall effort to understand ethics-related accred-
itation characteristics and trends. For example, Japan, the only country in the Confucian Asia clus-
ter, has unique cultural and historical structures that can be quite different to other countries within 
the same cluster (for more on this, see Chapter 32). A second limitation is that an ethical model for 
drawing the quantitative analysis of terms was not used; rather, the research team collated a list of 
terms (Junaid et al., 2022). A potential benefit to this approach was reducing biases embedded in 
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an existing model. Nevertheless, this study has a clear Anglo bias since the terms were collated in 
English, and few non-English terms were considered. Thirdly, the Hofstede model is limited to six 
bi-polar dimensions and focuses on organizational cultures; it may not consider the cultural identi-
ties that define other value systems beyond the corporate realm. Fourth, we have presented only 
a general overview of the data and data patterns due to the small data set. Observations from this 
exploratory study must be viewed cautiously; it is impossible to infer causation. Finally, the master 
list of action verbs to define learning that we derived using Newton et al. (2020) is limited to Anglo 
papers and therefore presents an Anglo and British bias of cognitive learning. Despite these limita-
tions, this study provides early pilot data and has helped highlight nuances in engineering ethics 
education trans-nationally and trans-culturally to explore more extensively for further research.

Part two: case studies of four countries’ accreditation 
documents and their cultural context

Part two of this chapter discusses four different regional contexts, identifying similar and dissimi-
lar qualities of how ethics is framed in four case-study countries drawn from the overall set of ten 
countries analyzed above and reported previously by Junaid et al. (2022). The countries investi-
gated in depth below, with regard to engineering ethics accreditation documents, are Colombia 
(Latin America), France (Latin Europe), Japan (Confucian Asia), and the United Kingdom 
(Anglo). These four case studies were selected from distinctly different cultural clusters to give 
readers a broad global overview. The four also represent the authors’ home countries, allowing our 
team to highlight nuances.

The following four cases contextualize commonalities and differences, suggesting a pathway 
for understanding diversity and inclusion globally. The case studies help compare and contrast 
various scenarios related to engineering education to increase our understanding of what various 
countries value. They can help us and our readers build cultural awareness and develop stronger 
global interpersonal skills.

Latin America case study: Colombia 

In Latin America, most accreditation processes are voluntary and regulated by state entities. This 
condition does not prevent the application of a varied set of quality accreditation models and pro-
posals for higher education institutions and university programs (UNESCO et al., 2018).

For this chapter, the Colombian case study focuses on Agreement 02 of 2020 (CESU, 2020), 
interpreted from Spanish, as there were no official English translations. The analyses yielded the 
results summarized below using the methodological approach from Junaid et al. (2022).

A list of key terms explicitly defined in the Colombian legal framework are ‘accreditation’ 
(CESU, 2014, art.12, p. 30), ‘competence’ (CESU, 2020, art.2, p. 8), ‘graduate attributes’ (Colombia, 
2019, numeral 2.5.3.2.3.2.3, p. 12), ‘learning outcomes’ (Colombia, 2019; CESU, 2020, p. 8), and 
‘responsibilities of engineering practice’ (Colombia, 2003, art. 33, p. 16). The precise definition of 
each term has value in cross-culture analyses (Junaid et al., 2022). The set of definitions provided 
in the Colombian legal framework can facilitate nuanced understanding – regarding how terms are 
used, the meaning behind their use, and how they may be interpreted differently in other places. 
For instance, most defined terms in the Colombia document correspond to legal acts approved in 
the last decade. In the case of ‘accreditation,’ the Colombian document defines the term as “the act 
by which the State adopts and makes public the recognition that academic peers make of the qual-
ity of a program or institution based on a previous evaluation process in which the institution, the 
academic communities, and the Council participate” (CESU, 2014, art. 12, p. 30). Thus, although 
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accreditation is voluntary, the Colombian state is the agent that evaluates and recognizes the quality 
of engineering programs, making the accreditation process essentially public. In comparison, other 
countries like the United Kingdom administer their accreditation process through professional insti-
tutions, devolving that responsibility to the collective community of professionals in engineering.

The count of the implicit ethical terms – the order of recurrence in parentheses – is as follows: 
‘society’ (59), ‘charters and codes’ (32), ‘international context’ (26), ‘profession’ (21), ‘critical 
reasoning’ (19), ‘global view’ (11), ‘responsibility’ (7), ‘technologies’ (6), ‘integrity’ (3), ‘values’   
(2) and ‘sustainability’ (1). It is worth noting that the previous analyses by Junaid et al. (2022) did 
not consider ‘inclusion’ and ‘diversity,’ but these are mentioned within the Colombian document 
in the following sentence: “A declared commitment to the comprehensive training of people to 
face, with ethical, social, and environmental responsibility, the endogenous development chal-
lenges and to participate in the construction of a more just and inclusive society that recognizes 
and promotes diversity” (CESU, 2020, p. 20). This sentence references a more ‘just’ society and, 
by using the root of the word ‘justice,’ it indicates an affinity with the term. In this case, an explicit 
intention is to preserve the national ecosystems, peoples, and ethnicities – this constitutes a criti-
cal focus for the professions and a reflection of historical and political contexts. Changes found 
in France’s CTI 2022 document (when comparing it with the earlier CTI 2018 that it supersedes) 
indicate emerging emphasis on sustainability goals; likewise, this Colombian case demonstrates 
how social debates are expressed through legal and political forms on accreditation processes.

In the Colombian document, among the set of verbs describing learning outcomes relevant 
to ethics, we found that about 24 were action verbs (e.g., ‘apply,’ ‘demonstrate,’ ‘participate,’ 
‘transform’), whereas 30 prioritized cognition (e.g., ‘analyze,’ ‘define,’ ‘know,’ ‘understand’). 
Additionally, 32 blended the realms of action and cognition (e.g., ‘create,’ ‘inquire,’ ‘research,’ 
‘think’). This finding contrasts with the broader analyses by Junaid et al. (2022), in which cogni-
tive verbs predominated widely over action verbs across the sample of ten countries. Nevertheless, 
there is a need for both verb types in education curricula. On one hand, cognition is the process 
of thinking that includes self-awareness, reflection, and consciousness about the world as it is; 
metacognitive development is essential to develop in the engineering profession (Cervin-Ellqvist 
et al., 2021). On the other hand, there is the need for action, which necessitates developing skills 
and translating practical abilities through ethical decision-making that experienced engineers have 
developed into educational frameworks in engineering.

Based on the master list of action verbs suggested by Newton et al. (2020), according to the 
original Bloom’s categories, it is possible to compare the number of verbs related to learning ethics 
reported in the accreditation documents analyzed by Junaid et al. (2022) with the equivalent verbs 
of Colombia’s Agreement 02/2020. The Colombian document uses the verbs ‘apply,’ ‘analyze,’ 
‘evaluate,’ and ‘create’ (levels 3–6, the higher levels of Bloom’s taxonomy), but the first two 
categories of remembering and understanding are missing. This bias may initially appear to be a 
positive shift toward applying knowledge. However, if we follow the premise behind Bloom’s tax-
onomy, the lower learning levels should provide scaffolding to loftier levels of cognitive learning; 
in this sense, it is assumed that middle and primary education provides these learning fundamen-
tals in the national education system. Whether this aim is achieved or not is essential for fulfilling 
professional training.

Latin Europe case study: France 

In France, 200 schools, 51 of which are private, are accredited to deliver at least one engineer-
ing degree course. Engineering degrees are issued at the school level, which is not the case in 



Contextual mapping of ethics education and accreditation 

607

other professions in France such as medicine, where the qualifications are issued at the national 
level (Grelon, 2021, p. 68). These engineering schools are accredited by the Commission des 
titres d’ingénieur (CTI), created in 1934 as an autonomous joint body (CTI, 2022). The French 
engineering degree corresponds to a master’s degree, level 7 of the European Qualifications 
Framework (CTI, 2022). Since French engineers are not constituted as a professional order, 
the practice of engineering is not governed by such a professional order nor is the training of 
engineers linked to it. Instead, the training of engineers in France is situated within the European 
framework for higher education and the Bologna process (CTI, 2022; Djurovic & Lubarda, 2014; 
European Education Area, n.d.). Thus, the CTI promotes the quality assurance of engineering 
education, and it delivers the European quality label for engineering education EUR-ACE® 
of European Network for Accreditation of Engineering Education (ENAEE) (Augusti, 2009; 
Augusti, 2013).

Engineering schools are required to apply ethics initiatives and define a strategy for social and 
environmental responsibility, with objectives that are monitored. The school must also ensure 
“compliance with the requirements of scientific integrity, deontology and ethics. It conducts 
awareness-raising activities among students on these subjects” (CTI, 2022, p. 8). This starkly 
contrasts the Anglo cluster, which does not mention integrity. CTI describes the engineer as some-
one who identifies “professional, societal and environmental, ethical and deontological problems 
created by technological innovations” (CTI, 2022, p. 19). It makes CTI (France) a document that 
emphasizes ethics, among the documents analyzed, explicitly as a piece of a framework for engi-
neering decision-making.

A set of competencies proposed by schools is associated with each engineering curriculum. 
Among the set of competencies required by the CTI, training in social and environmental respon-
sibility constitutes a major criterion for accreditation (CTI, 2022). This includes societal issues, 
basic teaching of environmental and societal responsibilities, life-cycle analysis and design, et cet-
era, highlighting the ecological and climatic imperatives currently at play in Europe and globally.

Among the more generic competencies required by the CTI, themes that can be closely linked 
to ethics include ethical and professional responsibilities, issues of life at work (relations at work, 
health and safety, and diversity), transition, ecological and climatic imperatives, and needs of 
society.

More directly, the in-depth discussion of “concepts of ethics, deontology and occupational 
health and safety” (CTI, 2022, p. 27) is explicit. The document stipulates that a part of the teaching 
must be allocated to ethics, health and safety at work, social relations, sustainable development, 
and the ecological transition. With such imperative and structured guidance, one would expect a 
clear link to what is taught and/or delivered to students regarding ethics.

Our textual analyses showed that the engineer’s postures associated with the ethical themes 
were defined by specific verbs in the French documents: ‘consider,’ ‘report,’ ‘integrate,’ and 
‘accompany’ (CTI, 2022, p. 21). The implicit wordlists used in our earlier analyses that are highly 
represented in this framework are ‘profession,’ ‘international context,’ ‘responsibility,’ and ‘sus-
tainability.’ Considering the all-encompassing term ‘ethics,’ there is no universally agreed defi-
nition, and as such, the implicit terms are invaluable in manifesting what ‘ethics’ means in the 
context of the engineering profession.

Compared to other clusters, what delimitates this cluster, according to our method, is the major 
part taken by sustainable development, international context and global view. To add to this, the 
lack of references to rules and codes as emphasized in clusters such as Latin America or East 
Europe is interesting. This could reflect civic rights over authoritative power, drawing on the 
legacy of French enlightenment and the constitutional right of liberty, equality, and fraternity. 
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Through this lens, this constitutional right has filtered into how professions as structures of author-
ity are required to behave and operate for the good of society.

Confucian Asia case study: Japan 

Some East, Southeast, and South Asian countries have accreditation bodies for engineering educa-
tion as part of national engineering councils, while others have them as independent organizations. 
In either case, they have prepared their programs since the late 1990s due to the growing need for 
global alliances regarding education and licensing, including the Washington Accord and APEC 
Engineer, the Asia-Pacific Economic Cooperation as part of the International Engineering Alliance 
(IEA). It is an interesting challenge to reveal the earlier relationship between their education poli-
cies and ethics in the context of each country prior to that time. However, such research requires 
in-depth historical analysis of each country. Furthermore, small countries such as Vietnam do not 
have their own accreditation bodies but are accredited by Western programs such as ABET of the 
United States. This is not ideal as it does not account for embedding the value system of a country. 
Therefore there is a real danger of transplanting Western value systems that may not reflect the 
nuanced differences in the region. Supporting smaller countries to develop their own accreditation 
systems can allow an authentic reflection of what society needs from engineers and suggest how 
that training could be developed regionally.

Adopting others’ standards is a reasonable decision given the burden of launching their own 
programs when accreditation is emphasized in the context of globalization, but local nuances are 
particularly critical within the actual practices of engineering ethics education. Cultural context 
can often play a significant role. However, such research requires a great deal of effort for this cul-
tural cluster. Therefore, this section will focus on the current criteria of Asian countries that have 
their own accreditation bodies and original criteria, which are available in English, with particular 
attention to the case of Japan (for more on Japan and China, see Chapter 32).

In Japan, in the broader sense, the Ministry of Education (MOE) has accredited educational 
programs. A non-governmental, United States–style accreditation system was introduced in 1947 
when the Allied Forces led the establishment of the Japan University Accreditation Association 
(JUAA). However, the MOE neglected the system after the restoration of sovereignty in 1952. 
Later, in the 1990s, the need for global quality assurance in education led to the establishment 
of Japan Accreditation Board for Engineering Education (JABEE), and the JUAA also regained 
its presence over the same period. JABEE offers a rigorous accreditation process running every 
6 years with a 3-year review that individual programs undergo, which can be cumbersome for 
higher education institutions (HEIs). In contrast, JUAA accredits institutions rather than programs 
and therefore covers all degrees across the HEI. The MOE has also encouraged the autonomous 
development of each university by relaxing the standards and introducing an individual voluntary 
assessment system, resulting in three different accreditation bodies. However, the vision of an 
accreditation system relevant to Japanese society has not been achieved yet.

The engineering education reform in the 1990s thus aimed to conform to global standards, 
modeled on the United States system. From this perspective, JABEE attracted a great deal of 
attention at first. However, it could not resolve the incongruity with the predominant cultural style. 
The number of JABEE accredited programs has been declining since the late 2000s because of the 
system’s unclear effectiveness for graduates and the cumbersome preparations for the accredita-
tion.

The characteristics of the JABEE accreditation criteria are derived from the following historical 
background. They begin with Criterion 1 as follows:
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 1.1) Profile of Autonomous Profession (establishment, disclosure, and dissemination of the 
image of an autonomous engineer).

 1.2) An ability of multi-dimensional thinking with knowledge from a global perspective.

In criterion 1.1, the English translation of the document uses the word autonomous, whereas the 
Japanese document uses another word that has the meaning of independence. Both words are pro-
nounced ‘jiritsu’ in Japan. Partly because of the same pronunciation, the two words are sometimes 
used interchangeably in relation to individualism. The difference of the two meanings is not so clear 
for many Japanese people; however, when written in Kanji (Chinese characters used in Japan), the 
difference is evident: ‘jiritsu’ as autonomous is written as ‘自律’ and independence as ‘自立.’ In both 
words, the first character ‘自,’ which is pronounced ‘ji,’ means ‘self.’ The second characters of both 
of the words have the same pronunciation, ‘ritsu.’ The fact that they have different meanings is very 
obvious for Japanese people: ‘律’ means ‘rule,’ ‘law,’ ‘code’; ‘立’ means ‘standing up.’ Therefore, 
even if we do not know the definition of these words, we can guess that ‘自律’ implies something 
about autonomy (rule for oneself to act) and ‘自立’ about independence (standing up by oneself).

The importance of autonomy in ethics can be said to be the definition, but this is not obvious 
in Japan, where harmony with the organization and not disturbing it have been emphasized. In the 
1990s, the emphasis on individualism and autonomy as opposed to collectivism became a major 
social issue in Japan. It was an important philosophy in the establishment of JABEE that clashes 
with Japanese norms.

In criterion 1.2, globalization was another issue in the 1990s. ‘Multi-dimensional thinking’ 
from a global perspective is related to relativism in post-war Japanese education, as well as consid-
eration for the global economy. In Japan, consideration for other countries is inevitably linked to 
memories of the Pacific War. The year 1995 marked the fiftieth anniversary of the end of the War, 
and thus review of post-war values became a major social concern.

This multi-dimensional global perspective is like that of Latin America. Unlike Latin American 
countries, however, Japan’s accreditation documents do not emphasize the need to overcome 
anthropocentrism with respect to the planet’s biological diversity. Latin America’s attitude toward 
environmental issues may be related to the region’s evident deterioration of strategic ecosystems 
and the neoliberal economic development model that has plunged much of the population into 
severe inequity and violence. The historical and environmental interests of each country may influ-
ence this difference.

Furthermore, equity for people is not stated in Japan. While it may be implied in the accredita-
tion requirements, Japan’s focus is on something else: the development of independent and auton-
omous leaders who can respond to the globalized society that became more evident in the 1990s. 
The accreditation guideline states the following:

This item indicates education and intellect required for the independent globally active indi-
viduals who take leading roles to structure sustainable and changing society emphasized 
[sic] on spiritual value shifting from the materialized society.

(JABEE, n.d.)

As demonstrated above, Japan focuses on cultural diversity in a global society. This context is 
emphasized because Japan has adopted accreditation for engineering education as a Western sys-
tem that is indispensable for economic globalization.

Design and communication were also important ideas of the 1990s in Japan. Japanese engi-
neering faculties were training engineering scientists rather than engineering professionals. The 
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engineering scientist conducts research and development at a university or corporate laboratory, 
while the engineering professional engages in engineering practice in a company or independently. 
American engineering design education was an innovative idea for Japan. These basic ideas are 
also important when understanding Japanese engineering ethics and the influence of the United 
States in teaching engineering ethics.

In comparison to the Latin European case, ‘dialogue structure’ is a French approach that empha-
sizes philosophical dialogue in education. In Japan, the similar competency is described as “(f) 
Communication skills including logical writing, presentation and debating,” but it can be read as 
a prerequisite for communication that values harmony within a group as much as, or more than, 
critical discussion. Furthermore, the older generation promoting the accreditation system in Japan 
often complains about the lack of communication skills of the younger generation.

In Japan’s first constitution established at the beginning of the seventh century, the first article 
emphasized respect for harmony, ‘以和為貴,’ based on the Confucian Analects. The Analects 
(13.23) also states: “子曰, 君子和而不同, 小人同而不和” [the Master said, “the superior man 
is affable, but not adulatory; the mean man is adulatory, but not affable”] (Legge, 1861, p.137). 
The word ‘和’ translated here as ‘affable’ is the word translated as ‘harmonious’ or ‘peaceful’ in 
general. Harmony is not inherently favorable, but the two are often confused in collectivism. It has 
been a major cause of corporate misconduct in Japan.

Anglo case study: United Kingdom 

Degree accreditation for engineering programs in higher education institutions (HEIs) in the 
United Kingdom is not legally required. However, accreditation is an essential component to vali-
dating engineering programs and ensuring they are fit for purpose. The Engineering Council is 
an umbrella organization that sets and unifies the professional competencies for all engineering 
disciplines and their corresponding institutions. Thirty-nine licensed specialized engineering insti-
tutions use these competencies as authorized bodies to accredit degrees within their respective dis-
ciplines in HEIs such as the Institute of Mechanical Engineers (IMechE) and the Institute of Civil 
Engineers (ICE). The following case study focuses on the IMechE. Like the Japanese accredita-
tion requirements, the UK process is rigorous and requires several review stages and visits. The 
advantage of accreditation is its alignment with other internationally recognized teaching quality 
benchmarks for engineering education, including the EUR-ACE Accord, the Washington Accord, 
and the Sydney Accord. This gives UK graduates the advantage of having a degree that is interna-
tionally and nationally recognized and that satisfies the educational requirements on the pathway 
to professional chartered engineering status in their disciplines.

Upon finding satisfactory evidence of the program meeting the requirements, the accrediting 
body awards the HEI with accreditation for the program for 4 years, which remains valid on the 
conditions that (a) annual reports and assessment samples are sent for review and (b) any changes 
to the program, including learning outcomes required within modules, are ratified by the accredit-
ing body. Renewal for accreditation at the end of the 4 years requires a complete review of the 
program with a site visit. In addition to industry-specific accreditation, all HEIs must satisfy their 
responsibilities to students according to the Higher Education and Research Act 2017 (HERA), 
which led to the government establishing the Office for Students (OfS) as a public body under the 
Department of Education to oversee and regulate Higher Education in England and hold HEIs 
accountable. (For more on the UK system, see Chapter 32.)

Earlier multi-country analyses conducted by the authors (Junaid et al, 2022) revealed three key 
findings from the UK perspective. Firstly, the definition of terms from the competencies guidelines 
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of the United Kingdom’s AHEP-4 (Association of Higher Education Professionals) includes the 
third most comprehensive list of terms defined (of all ten documents analyzed). This UK document 
included eight target terms: ‘accreditation,’ ‘competence,’ ‘delivery,’ ‘graduate outcomes,’ ‘higher 
education,’ ‘learning outcomes,’ ‘module,’ and ‘program.’ From the previous AHEP-3 permutation, 
three definition terms had been removed for AHEP-4: ‘awareness,’ ‘knowledge,’ and ‘know-how’ 
– and interestingly, all three of these verbs are ones that Newton’s taxonomy analysis recommends 
avoiding when defining learning outcomes (Newton et al., 2020). Secondly, the number of implicit 
ethical terms (shown in parentheses here) heavily emphasized ‘profession’ (24), ‘safety and risks’ 
(21), and ‘society’ (20). These constituted 62% of the terms found. Combined with the terms 
‘charters and codes’ (13), ‘technologies’ (11), and ‘responsibility’ (9), 93% of all terms identified 
for the study were covered. There appears to be a greater emphasis on safety and risk in the UK 
documents compared to the multi-country average, and this reflects the United Kingdom’s reputa-
tion for high safety standards in the workplace and the influence of the legally binding Health and 
Safety Executive (HSE). The HSE was established after the Health and Safety at Work Act was 
passed in 1974. It set a precedent in criminal and civil law by assigning responsibility for protect-
ing their employees to the highest senior levels in organizations. Furthermore, the UK engineer-
ing industries’ contribution to the industrial revolutions also necessitated the focus on health and 
safety, charters, and codes. However, our analysis found no terms for ‘global view,’ ‘organization,’ 
‘international context,’ ‘integrity,’ or ‘justice.’ These are unusual omissions, considering the first 
industrial revolution put UK engineering on the global map and onto the international stage. These 
exclusions will inevitably be reflected in curricular designs lacking both international outlook and 
impetus to address inequalities more widely, even though these competencies are required through 
being signatories of international accords. Membership in these accords may allow graduates to 
work as engineers in cross-national teams; however, our study indicates that more emphasis is 
needed on these qualities (‘global view,’ ‘organization,’ ‘international context,’ ‘integrity,’ and 
‘justice’) in the learning outcomes to prepare students to navigate these roles on a global stage.

Observations and discussion

Accreditation documents can help bring ethics to the fore of engineering programs. However, this 
chapter does not explore the translation of policy into curriculum design. The results of integrating 
these terms into accreditation documents may not go far enough in challenging (future) engineers 
to take active roles in protecting and nurturing society and the natural environment (see Chapters 
6, 9, and 35 for more on these topics). Engineering solves human-conceived problems, which in 
turn creates new problems to solve.

Our research into differences and commonalities identified through comparative, trans-national 
study is driven by the belief that nuances embedded in policy documents drive engineering cur-
riculum development and, hence, influence how and what our engineers may be taught. Dialogue 
that considers the historical, socio-political, socio-economic, and environmental influences can 
bring new insights regarding what engineering curricula are doing (and how they are doing it) to 
develop competent engineers from nation to nation, region to region, and from one cultural clus-
ter to another. It is essential to explore how these aspects drive curriculum delivery and expose 
students to value-driven contextual nuances in ethical awareness, ethical decision-making, and 
ethical practice to prepare them for working in global teams. The scope of this work presented here 
represents an initial step toward realizing these ambitions.

Realizing our goal of comprehensive, global cross-cultural analysis will require a larger study, 
to include more countries – so that we can more fully understand culturally nuanced differences in 
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engineering ethics education. This will help us understand how ethics is conveyed in accreditation 
documents globally, to support more purposeful curriculum design and bring new insight regard-
ing the ethical competencies that engineers need to work in locations around the globe. How ethics 
is seen and contextualized in parts of the world we haven’t yet covered may help us understand 
ethics more fully. Therefore, to extend what we have achieved in this chapter, we will need to 
collect and analyze more data. We therefore put forth a call and an invitation to readers – those 
with interest in supporting or collaborating in the work – to join us in the work that still needs to 
be done.

The limitations of the analyses conducted to date serve as areas for further research. For exam-
ple, more can be done via linguistic and discursive analysis: analyzing power through language, 
the uneven influence and dominance between languages and cultures, and how these play into 
accreditation processes globally (for more on this, see Chapters 35 and 36). The interplay of dif-
ferent fields influencing ethics education needs experts in disparate fields (see Chapters 14–18) 
to work together to synthesize new insights from these analyses. We need linguists, engineers, 
policy-makers, sociologists, political scientists, and philosophers (see Chapters 1–13). Finally, 
exploring the role of engineering in the context of corporate and non-corporate social structures 
(see Chapters 9 and 11) also challenges our institutions and graduates to consider the different 
roles engineers can play as, for instance, the civic engineer, the entrepreneurial engineer, the pol-
icy-making engineer, and so on.

Conclusion

Analyzing the rhetoric and discursive linguistics in accreditation documents (beyond the granular 
analysis presented above) is necessary. Such analysis can help develop insight into how these 
policy documents shape program design and impact the pedagogical structures we observe in our 
own institutions and, consequently, in the engineers who graduate and work in society. All clusters 
in our study used action-oriented learning levels: ‘apply,’ ‘analyze,’ ‘evaluate,’ and ‘create.’ We 
can, therefore, assume that most reference systems in the context of ethics are designed to inspire 
action. Nevertheless, if we consider that ethics will be an important component of the role of 
engineers in the coming years, we might wish to move the level of objectives towards the highest 
learning level, ‘create,’ which is more representative of responsibility. This would mean that sim-
ply ‘remembering’ (the passive level) would no longer be in the first rank. It would have to cede 
this current rank to a higher level to ‘apply.’

This chapter has touched on the social, political, and environmental realms that engineers can 
influence. The authors posit that the future engineer should be actively involved in these spheres, 
even more than before, because of the power and risk that emerging technologies have on our 
societies.

Note
1 The GLOBE system was used for clustering the countries included in the accreditation analysis. The 

GLOBE clustering was more comprehensive and included more countries. The Hofstede dimensions 
were used to analyze and compare patterns between accreditation documents.
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Introduction

Striving toward the ethical and competent practice of engineers in the workforce motivates linkages 
between the individual professional licensure of engineers and accreditation to control the quality 
of the educational preparation of engineers. Significant differences exist globally, regionally, and 
even among engineering subdisciplines in the requirement and/or importance of engineering licen-
sure for employability. The requisites for engineering licensure and the processes for setting these 
rules also vary widely. Further, there are complex and differing relationships between the accredi-
tation of engineering degree programs and the licensure or certification of engineers globally. It is 
beyond our scope to present an extensive range of global examples of these conditions. Instead, the 
ethics of these requirements and processes from a few examples will be examined in this chapter, 
including issues of power dynamics, inclusion, and transparency. After exploring these topics at 
a high level, the authors leverage their personal experience and empirical work to reveal nuances 
not typically evident via two in-depth case studies set in the context of two original signatories of 
the Washington Accord. The first case examines civil engineering in the United States, probing the 
ethics of licensure requirements and the processes for setting educational accreditation require-
ments. It reveals the complex interactions of multiple organizations, including state governments, 
multiple non-profit groups, and a professional society. A second case study in Ireland examines the 
consequences of licensure and accreditation policies on engineering ethics education. Here, there 
is more direct government control at multiple levels, but it manifests differently through engineer-
ing education at different higher education institutions. These examples provide a grounding that 
others can use when considering their locally relevant specifics.

Licensure

Licensure is intended to help ensure professional competence and responsibility, such that an 
individual engineer can fulfill their primary ethical requirement to protect human health, safety, 
and welfare. Licensure can occur at the level of ‘engineering,’ at the discipline level (e.g., civil 
engineering, mechanical engineering), or at the subdiscipline level (e.g., structural engineering). 
Given the heterogeneity of licensure requirements and processes globally, this chapter provides 
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Accreditation and licensure

examples from different countries. The examples are primarily drawn from the United States, the 
United Kingdom, Canada, and Ireland. The rationale for this focus is multifaceted, including the 
context and expertise of the authors (further explained under Author Positionality), the availability 
of English resources and documents related to licensure, and the cultural and structural focus on 
licensure in these countries. For example, in the United States, an individual can lose their license 
to practice engineering due to ethical violations.

The extent to which engineering should be viewed as a profession and demand licensure for 
individuals to call themselves engineers and conduct engineering work as their job and career is 
contested and varies by geographical context. Each government individually determines licen-
sure requirements, and these vary substantially. Engineering licensing occurs within individual 
states in the United States and provinces in Canada – a practice that has been critiqued as overly 
restrictive compared to licensure at the country level, which is more common (e.g., Cleary, 2018). 
Licensure typically requires a combination of educational preparation (judged of sufficient qual-
ity) and relevant on-the-job work experience under the mentoring of a qualified engineer, with 
some jurisdictions, such as the United States, additionally requiring examinations to prove compe-
tence. Sometimes, this work experience must be within a particular geographic jurisdiction (e.g., 
in Canada or the United States). Geddie (2002) found that the local work experience require-
ment was the “most significant obstacle noted by foreign-trained engineers” (p. 129) in becoming 
licensed to practice in the province of British Columbia, Canada.

In addition to country-level licensure, efforts are being made across countries to standardize and 
recognize certification. For example, the International Professional Engineers Agreement (IPEA) 
has 16 countries as full members and 3 countries as provisional members, and the Asia Pacific 
Economic Cooperation (APEC) Agreement offers substantial equivalence of professional compe-
tence requirements across 14 countries and 2 provisional members; the IPEA and APEC countries 
have significant overlap. Within Europe, the EUR ING certificate under Engineers Europe (for-
merly FEANI) applies across 33 countries.

The laws and policies concerning non-licensed individuals working as engineers differ 
among countries. The Netherlands doesn’t require licensure or registration (Davis, 2015), and in 
France, engineering is “both a job and a title” (Didier, 1999, p. 474). Within the United States, 
many mechanical, electrical, and chemical engineers working ‘in-house’ for a manufacturing or 
other business firm function without a license under the industrial exemption, which has been 
characterized as a threat to the profession (Spinden, 2015; Swenty & Swenty, 2017). Most US 
states have significant exemptions to engineering licensure laws, with an average of 14 differ-
ent exemptions per state (Swenty & Swenty, 2023). Similar industrial exemption to engineering 
licensure occurs in the United Kingdom. In contrast, this industrial exemption does not exist 
within Canada, except for the province of Ontario. These examples speak to the heterogeneity of 
licensure practices across countries and cultures, with differences even between industries and 
regions.

Walesh (2022) proposes that many engineering disasters could have been avoided by requiring 
that professionally licensed engineers direct projects:

All the engineering organizations behind these failures were exempt from placing licensed 
engineers in charge. Engineering did not need to be conducted under the direction of compe-
tent and accountable engineers whose paramount ethical and legal responsibility was public 
protection. Instead, the “engineering” was primarily driven by bottom-line-oriented manag-
ers and executives.

(p. 1)
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However, the significance of licensure and its role in determining ethical behavior and quality in 
engineering remain contentious topics, as exemplified by the comments in opposition to licensure 
posted in response to Walesh’s article.

Engineering licensure requirements rest on the argument that engineering is a profession and, 
thus, should be licensed similarly to disciplines like medicine. However, “Marxists (Braverman, 
1998), Foucauldians (Nettleton, 1992) and others [have] used power lenses to question and chal-
lenge the control and authority vested in professionals due to their esoteric knowledge base and 
supposedly superior ethics” (Klassen, 2018, p. 13). Professions more broadly have been critiqued 
as “sites of substantial inequity and marginalization” (Klassen, 2018, p. 13).

Accreditation role in licensure

Engineering licensure is commonly linked to receiving education from accredited engineering 
programs. Program accreditation is assumed to ensure that the quality of educational preparation is 
sufficient to ensure engineering competence and ethical behavior. In many countries, governmen-
tal entities control both engineering licensure and educational accreditation. For example, in the 
United Kingdom, the Engineering Council controls both engineering licensure and accreditation; 
in Ireland, Engineers Ireland (EI) also has a dual function. Klassen (2018) states (italics added here 
for emphasis):

There is a widespread assumption in Anglo-American contexts that accreditation exists to 
align the focuses of professional education in universities with the needs of professional 
bodies and ultimately employers, where professionals go to work. [This] perspective pro-
vides an underpinning assumption for legislation whereby the state delegates regulatory 
power to the professional body in return for a commitment to serving the public good and 
upholding high standards of ethics. This assumes a very clear definition of the scope of 
practice being regulated, and proactive steps taken by the professional body to intervene 
and discipline their members if they malpractice or operate without a license. Interestingly, 
neither of these assumptions appear to hold well in the case of the engineering profession.

(p. 14)

Countries typically tie their licensure requirements to accredited degrees within their own coun-
try. This creates barriers for individuals who have earned degrees that are not accredited. It also 
creates mobility problems for individuals possessing engineering degrees from outside the coun-
try. Various international groups are trying to address global mobility issues by determining sub-
stantial equivalency of engineering accreditation standards. The first significant effort to establish 
accreditation equivalency across countries was the Washington Accord (see more information in 
Chapter 32). Countries participate in the Washington Accord through representation by govern-
mental or private entities; for example, the Accreditation Board for Engineering and Technology 
(ABET) represents the United States. However, there continue to be barriers for individuals receiv-
ing engineering degrees from countries not signatories to the Washington Accord. For example, 
Geddie (2002) found significant financial and time barriers associated with the examinations and 
interviews used to evaluate the competence of foreign-educated individuals to be licensed in the 
province of British Columbia, Canada.

Klassen (2018) argued that the accreditation process generally fails to acknowledge that a high 
percentage of students who graduate with degrees in engineering pursue careers outside of engi-
neering. In the United States, 65% of degreed engineers were working in occupations not consid-
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ered engineering, and 18% of those working in engineering occupations did not have a degree in 
engineering (NAE, 2018). Fortunately, there is a significant overlap between the knowledge and 
skills embedded in engineering accreditation requirements and the skills needed for careers at 
large (OECD, 2021).

In addition to the accreditation requirements that apply uniformly to all engineering disci-
plines, there may be additional requirements for specific engineering disciplines. Within ABET, 
these ‘program criteria’ are largely set by the professional societies that relate to each discipline. 
Each professional society uses different processes to modify these criteria. Other examples vary 
by country and discipline. For example, in the United Kingdom, the Joint Board of Moderators, 
comprised of five different professional groups, accredits civil engineering and related programs; 
the Institution of Mechanical Engineers accredits mechanical engineering degrees; the Institution 
of Engineering and Technology accredits electrical and electronic engineering degrees.

Processes to determine accreditation standards

How accreditation processes are structured and who determines and controls these structures have 
ethical implications. The professional groups and regulatory bodies involved in accreditation have 
self-interest and therefore may “act to maintain their own privileged and powerful position as a 
controlling body,” which might confound their commitment to the public interest for high quality 
and ethical engineering (Harvey, 2004, p. 212). Further, “goals and decisions emerge from bargain-
ing and negotiation among competing stakeholders jockeying for their own interests” (Bolman & 
Deal, 2013, p. 194-195). Goals differ among countries with respect to global competitiveness (e.g., 
intellectual property), between for-profit companies and public agencies (profit vs. wise steward-
ship of resources), among disciplines (differences in salary and prestige), and privileged versus 
less privileged groups (e.g., particular nations over others; and in the United States, white men vs. 
minoritized groups). The extent to which accreditation processes prioritize true public good versus 
other interests merits consideration.

While the processes for engineering programs at higher education institutions to become 
accredited have been well documented, uncovering the processes used to set these rules is more 
challenging. From the outside, there might seem to be a broad consensus on accreditation require-
ments and procedures. But this is far from the case. There is typically a fairly small number of 
people who develop accreditation policies and procedures. The extent to which these individuals 
develop criteria that match their personal opinions versus the broader views of diverse stakehold-
ers is generally not apparent. The process by which individuals are selected to serve on these com-
mittees and their qualifications, expertise, representation of diverse stakeholders, and true level of 
engagement in the process is also unclear. Who has a seat at the table and is included or excluded 
has embedded ethical considerations. For example, Case (2017) contrasted the ‘shop culture’ of 
working engineers versus the ‘school culture’ of engineering academics, which differ in the value 
placed on particular knowledge and skills. In Ireland, accreditation bodies strive to include two 
academics and an industry practitioner on each accreditation panel, which helps assess whether the 
program under evaluation is substantially equivalent to the programs that the academics deliver in 
their own institutions and aligns with the requirements of industry (Murphy et al., 2019).

The International Engineering Alliance [IEA] (2021) has established Graduate Attributes 
and Professional Competencies, which are closely related to the Washington Accord and the 
International Professional Engineers Agreement. The Washington Accord has 23 signatories and 
seven provisional signatories as of 2023. Signatories have committed to mutual recognition of sub-
stantial equivalency of accreditation standards and processes (Hanrahan, 2013). If mutual recogni-
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tion is truly the case, analyzing the process of any one signatory would accurately represent all. 
Underlying cultural differences may shape the “individual accreditation processes and variations 
in accreditation criteria as well as different documentation requirements and reporting processes” 
(Patil & Gray, 2009, p. 20). Thus, no one set of processes should be deemed optimal or the most 
ethical. The basic process for accreditation of engineering programs consists of a repeatable cycle 
of review (3–6 years being most common); documentation of self-assessment that the program 
meets the accreditation requirements (typically a combination of student learning outcomes and/
or curriculum structure and content, qualifications and number of faculty members, processes for 
student admissions, and verification of fulfillment of graduation requirements); program review by 
individuals typically including an on-site visit (number, qualifications, and training of the review-
ers are specified); and specific outcomes/decisions of the accreditation process. Some governments 
have a single set of requirements for all engineering degrees; others have varying requirements for 
different engineering disciplines (as is the case under ABET and in the United Kingdom).

In the United States, some highly respected universities have opted not to accredit some of their 
engineering degrees, viewing ABET accreditation as unnecessary, burdensome, and/or restrictive. 
These highly ranked programs at research-intensive universities do not believe they need tra-
ditional accreditation to vouch for their quality (Klassen, 2023). Examples of universities and 
programs opting out of ABET accreditation include Stanford University (Electrical Engineering 
2013, Environmental Systems Engineering 2015, Chemical Engineering 2020), the California 
Institute of Technology (Caltech, Chemical and Electrical Engineering in 2018), the University of 
California Berkeley (Electrical Engineering 2017), and Tufts University (Biomedical Engineering 
2022). In its announcement that it would not re-accredit its environmental engineering degree, 
Stanford University stated: “The accreditation process … isn’t quite at the cutting edge of the 
field” (Stanford, 2015). Another university discontinuing ABET accreditation stated (Caltech, 
2017):

The undergraduate program in Chemical Engineering at Caltech is widely regarded as one 
of the most rigorous in the world. In our efforts to maintain that rigor in light of the rapid 
pace of change in this discipline, Caltech’s Chemical Engineering faculty have concluded 
that the process of engineering accreditation by ABET limits our ability to offer the best 
possible education.

The letter cited limitations to flexibility, specifically that “the restrictions and requirements imposed 
by ABET criteria and examiners have led to an excessively structured curriculum,” and concerns 
with the vagaries of individual program evaluators (PEVs). Despite the lack of requirements to 
meet ABET accreditation outcomes, engineering ethics content remains embedded within required 
courses in the Caltech chemical engineering curriculum, including a senior chemical engineering 
lab course that embeds ethics within team projects and the analysis of case studies (Caltech, 2022). 
Alternatively, some programs have opted to accredit under the general criteria rather than the 
appropriate program criteria, which impose additional restrictions (e.g., Massachusetts Institute of 
Technology (MIT) Civil Engineering).

The following sections provide case studies of accreditation and licensure in the United States 
and Ireland to complement the broader overview of the preceding sections. The US case study 
focuses on civil engineering, exploring ethical issues within accreditation and licensing processes. 
These overall processes are drivers for the ethics requirements in engineering education and licen-
sure. The second case study, in Ireland, reveals the consequences of the licensure and accreditation 
requirements on the ethics education in engineering.
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Author positionality

The cases were selected based on the authors’ expertise. The first author has led accreditation 
efforts in the civil engineering program at her institution for 15 years, served on the American 
Society of Civil Engineers (ASCE) Body of Knowledge 3 Task Committee and Program Criteria 
Task Committee, and is a licensed professional engineer in Colorado, United States. Her experi-
ences offer insight into the development and implementation of civil engineering accreditation in 
the United States. The second author provides a case study in Ireland based on her doctoral disser-
tation. During her dissertation research, the second author interviewed instructors and evaluators 
to understand the accreditation process in Ireland and the role of ethics within it, and observed 
several accreditation events. The second and third authors are involved in an international study 
on the role of ethics in engineering accreditation (Junaid et al., 2022) and use this work as well as 
their engineering education research experience in different countries (Ireland, the Netherlands, 
Belgium, and the United Kingdom) to inform their perspectives.

Case study: United States, ABET, civil engineering

In the United States, state governments control engineering licensure. The licensing process typi-
cally involves the shortest path when the individual has graduated with a Bachelor’s degree from 
an ABET-accredited engineering program, passed two national examinations, and has 4 years of 
qualifying practice vouched for by professionally licensed engineers. An individual graduating 
without an ABET-accredited degree may be eligible for licensure after an additional 1–4 years of 
qualifying experience. Some states issue a general Professional Engineer (PE) license with the 
expectation to practice in one’s area of competence; other states license PEs in specific disciplines 
(e.g., Professional Civil Engineer). In addition, structural engineering (SE) is separately licensed 
in many states. Most states allow individuals licensed in one state to easily become licensed in 
another through the process of comity.

The two licensing examinations are common nationally and controlled by the National Council 
of Examiners for Engineering and Surveying (NCEES), a nonprofit organization. The Fundamentals 
of Engineering (FE) exam is largely multiple-choice, is proctored, online, and has versions for 
different engineering disciplines. The exam is commonly taken by senior-level (i.e., final-year) 
undergraduate engineering students, and some engineering degree programs require their students 
to take the FE exam before graduation. The FE exam can be taken at any time and repeated if not 
passed. The FE exam includes a few questions on engineering ethics and professional practice 
or societal impacts (3–8 out of 110 total). The quality of these questions and the ability to actu-
ally evaluate ethical reasoning abilities have been critiqued (French, 2006). The NCEES is not 
transparent about who writes the exam questions, including those related to ethics, stating only 
that “NCEES exams are developed by licensed engineers and surveyors who volunteer to write 
and evaluate exam questions in conjunction with NCEES procedures and accepted psychometric 
standards” (NCEES, 2021, p. 4). The second exam, Principles and Practice of Engineering (PE), 
was historically 8 hours and tested higher-order engineering design skills; professional, licensed 
engineers scored it. However, the PE exam has also moved to a multiple-choice format. The PE 
exam includes no content on ethics.

Some states have additional licensure provisions that target ethics, such as a further exam-
ination that covers ethics and/or local legal issues (e.g., Texas, California, Nevada, and South 
Dakota). Most of these exams appear to be in ‘take home’ format with simple multiple choice or 
true/false questions. Some states require that an individual seeking professional licensure obtain 
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letters that attest to personal and/or professional character and/or integrity (e.g., Texas, Oregon, 
Mississippi, Rhode Island, Montana). For example:

The Texas Engineering Practice Act states that a person seeking to obtain a license to prac-
tice professional engineering shall provide evidence of good professional character and 
reputation which, in the judgment of the Board, is sufficient to ensure that the individual 
can consistently act in the best interest of clients and the public in any practice setting. Such 
evidence shall establish that the person is able to distinguish right from wrong, is able to 
think and act rationally, is able to keep promises and honor obligations, and is accountable 
for his/her own behavior.

(Texas, 2022, p. 2)

Most states require continuing professional development via education to retain one’s license, 
ranging from 8 to 15 hours per year (which may be documented on an annual, biennial, or trien-
nial basis), called professional development hours (PDH) or continuing education units (CEU) 
(E1 Education, 2020). Nine states have no requirements for continuing education documentation. 
Fifteen states have some minimum requirements for continuing education hours related to ethics 
education (ranging from 0.33 to 1.5 hours per year). Professional development hours are often 
earned by attending professional conferences or online education sessions. The quality of this 
education is uncertain and, therefore, has been critiqued in some cases as simply a money-making 
business for groups and professional societies that exercise their power to create requirements for 
PDH and then also offer those hours (Nevada, 2020).

Overall, the importance and extent of licensing in the United States varies significantly among 
disciplines, appearing the highest in civil engineering, where nearly all civil engineering gradu-
ates take the FE exam and three-fourths go on to attempt professional licensure, compared to less 
than half even starting the professional licensure path by taking the FE exam among mechanical, 
electrical, and chemical graduates (based on author calculations from ASEE (2020) and NCEES 
(2019) data).

ABET is a non-profit organization that sets accreditation standards in the United States. ABET 
relies heavily upon volunteers to lead the development of the accreditation requirements and to 
implement the requirements by reviewing programs. ABET recently reported the age, gender, race/
ethnicity, and job-sector demographics of its volunteers, but these were not disaggregated among 
roles (ABET, 2022). Akera et al. (2019) note that “many ABET volunteers are older, retired, and 
tend to have more conventional views about their discipline” (p. 13). The ABET Engineering 
Accreditation Commission (EAC) has been critiqued for lacking transparency and open feedback 
processes. Within the EAC, professional societies are primarily responsible for establishing the 
program-level criteria associated with specific disciplines and selecting and training the program 
evaluators. Civil engineering has been one of the most transparent, publishing widely on its pro-
cesses. In 2023, there were 365 ABET-accredited civil engineering programs across 268 US insti-
tutions and 90 institutions outside the United States (representing 20 countries).

The American Society of Civil Engineers (ASCE) is the lead society associated with civil engi-
neering within ABET. The ASCE Code of Ethics has explicitly included sustainability since 1997 
and added diversity and equity provisions in 2017. The civil engineering program criteria (CEPC) 
include the requirement that “faculty teaching courses that are primarily design in content are 
qualified to teach the subject matter by virtue of professional licensure, or by education and design 
experience” (ABET, 2023, p. 23). There are curriculum requirements in the CEPC related to pro-
fessional licensure dating back to 2002, and sustainability and professional ethics since 2016. The 
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ASCE publishes a commentary document to explain the rationale and expectations associated with 
the criteria to guide civil engineering PEVs and faculty. The commentary (ASCE, 2019a) states:

Graduates should be able to explain the unique nature of civil engineers’ responsibility to the 
general public and the consequent emphasis on professional licensure in civil engineering 
professional practice.

(p. 24)

The program Criteria … reflects an expectation for a higher level of achievement in profes-
sional ethics than required by General Criterion … requiring a curriculum to include an 
opportunity for students to go beyond a simple understanding of ethical responsibility and 
have students analyze issues.

(p. 22)

The Civil Engineering Code of Ethics includes as one of the Fundamental Cannons that 
“Engineers shall strive to comply with the principles of sustainable development …” … The 
criterion simply requires coverage of sustainability in the curriculum be sufficient so gradu-
ates can include key concepts of sustainability in an engineering design.

(p. 18)

By comparison, ethics is lacking from other ABET EAC program criteria with the exception of 
construction (where ASCE is also the lead society) and cybersecurity.

The ABET CEPC are derived from the Civil Engineering Body of Knowledge (CEBOK). The 
CEBOK “defines the knowledge, skills, and attitudes necessary for entry into the practice of civil 
engineering at the professional level” (ASCE, 2019b, p. vii). The 2019 edition (CEBOK3) speci-
fies the expected cognitive level of achievement of 21 outcomes using Bloom’s taxonomy verbs 
and recommends pathways to meet these requirements, which include undergraduate education 
(the lower levels of all 21 outcomes), postgraduate education (2 outcomes), and mentored experi-
ence on-the-job (14 outcomes). The CEBOK3 also includes seven affective outcomes. The ethical 
responsibilities outcome in the CEBOK3 was cross-linked with the outcomes of design, profes-
sional responsibilities, professional attitudes, sustainability, and lifelong learning.

The ASCE has established a repeatable cycle every 8 years whereby it reviews the CEBOK, 
then determines the extent to which the ABET criteria are aligned with the CEBOK and if changes 
to the CEPC are warranted (Ressler & Lynch, 2011). The ethics outcome in the 2019 CEBOK 
compared to the 2008 CEBOK had a lowered level of achievement from undergraduate education 
(to Bloom’s level 2 ‘explain’ from 4 ‘analyze’) and entry to professional practice (to Blooms level 
5 ‘develop’ from 6 ‘justify’). In addition, the 2019 CEBOK3 added the affective domain expecta-
tion to “advocate for ethical behavior in the practice of civil engineering” (level 5), achieving level 
2 as part of undergraduate education (“comply with applicable ethical codes”) (ASCE, 2019b, p. 
61).

The development of both the CEBOK and CEPC included numerous cycles of soliciting and 
responding to stakeholder feedback. This occurred via specific committees in ASCE, discussion 
boards, and open surveys that were broadly distributed. Nevertheless, limited outside participation 
in these forums occurred. The development and results of feedback were carefully documented 
and distributed via peer-reviewed, open-access papers (e.g., Bielefeldt et al., 2019; Nolen et al., 
2022). The CEBOK and CEPC represent a compromise as consensus on these topics was not 
reached.
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The ASCE tries to comprise committees that are broadly representative, including individu-
als from academia (faculty members) and practicing engineers, individuals representing multiple 
subdiscipline areas in civil engineering (e.g., structures, geotechnical, construction, transporta-
tion, water resources, environmental), and a variety of personal demographics (age, gender, 
etc.). Despite these efforts, the committees have recently been predominated by academics with 
a low representation of traditionally underrepresented groups (e.g., women of color). The recent 
CEBOK3 committee included four individuals with ethics expertise, and the current CEPC com-
mittee includes individuals with expertise in ethics, sustainability, licensure, and diversity, equity, 
and inclusion (DEI). The CEBOK and CEPC groups opened their meetings to corresponding 
members not serving on the committee but wishing to provide input. Thus, while the committees 
have recently included 10–18 members, there were also 20–70 corresponding members who pro-
vided additional perspectives.

The CEBOK2 review resulted in the addition of ethics to the ABET CEPC in 2015. When 
reviewing the CEPC with respect to the CEBOK3 in 2020–2022, the ethics outcome was revised 
to state that “the curriculum must include application of: an engineering code of ethics to ethi-
cal dilemmas; principles of sustainability, risk, resilience, diversity, equity, and inclusion to civil 
engineering problems” and “explanation of professional attitudes and responsibilities of a civil 
engineer, including licensure and safety” (ABET, 2023, p. 22). There was extensive discussion 
around the ethics outcome, with an early proposal of “apply the ASCE Code of Ethics to an ethical 
dilemma.” This reflected the fact that the ASCE Code of Ethics (2020) uses a hierarchical stake-
holder model that embeds sustainability and DEI elements. However, stakeholder feedback on 
the practicality of this suggestion noted that many programs co-educate civil engineering students 
alongside other engineering majors with respect to professional ethics and, therefore, requiring the 
specific civil ethics code would be problematic.

ASCE also sets the requirements for, approves, and trains ABET program evaluators (PEVs) 
for civil engineering programs. The qualifications to be a civil engineering PEV include registra-
tion as a PE, at least 10 years of experience in the practice of engineering, and membership in the 
ASCE at the Member or Fellow grade. From ABET, all PEV candidates complete about 20 hours 
of online training and a 1.5-day experiential workshop simulating an ABET accreditation visit; this 
PEV training may qualify as PDH for licensure. PEVs also agree to a code of conduct policy that 
includes confidentiality and conflict-of-interest issues. Akera et al. (2021) noted that some of the 
individuals they interviewed “spoke about consistency, PEV training and variation” (p. 5) as part 
of their frustrations with the ABET review process.

A recent paper by Ressler and Lenox (2020) explored the potential for ASCE to withdraw from 
ABET, identifying the benefits and costs of ABET membership from the perspective of ASCE. 
These authors have deep engagement, leadership, and service with both ABET and ASCE. They 
recognize “ASCE’s ability to establish, promulgate, and enforce educational standards through 
ABET accreditation represents a powerful tool for advancing the Society’s strategic interests” (p. 
7). “However, these benefits are not being fully realized, because ASCE’s perspectives and inter-
ests so often diverge from those of ABET and many of its Member Societies” (p. 10).

This case illustrates the complexity and interconnected nature of groups that influence engi-
neering ethics education in civil engineering in the United States through specification and affect 
licensure and accreditation processes. Compared to other disciplines, civil engineering appears to 
be at the forefront in the United States regarding concern for ethics in the education and practice of 
engineers. Yet the practical implications of these regulations on ethics education are unclear, given 
the strong role of the engineering culture (which preferences technical expertise and business or 
profit motives in the workforce) and the significant level of control of individual teachers in their 
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classrooms. The next case study illustrates the consequences of licensing and accreditation on eth-
ics education in engineering programs in Ireland.

Case study: licensure and accreditation in Ireland

Moving from process to practice, this case study presents empirical data rooted in the Irish con-
text of engineering education to illustrate the impact of accreditation on curriculum development 
and the link between accreditation and educational change. Engineers Ireland (EI) has formally 
accredited engineering programs in the Republic of Ireland since 1982. Graduates of accredited 
programs may achieve one of the professional titles of Chartered Engineer, Associate Engineer, 
or Engineering Technician. From 2013, in order to apply to become a Chartered Engineer, candi-
dates need to hold a Master’s Degree from an engineering program accredited by EI. Under the 
terms of the Washington Accord, EI also recognizes qualifications obtained outside Ireland that 
meet a similar educational level. Ethics is part of the licensure process for becoming a Chartered 
Engineer via a dedicated requirement, which requires professionals to provide examples of ethical 
practice in their written application. This is understood to comprise evidence that the candidate has 
“complied with appropriate codes and rules of conduct” (competence 5.1), “managed and applied 
safe systems of work” (competence 5.2), “ensured that their engineering work complies with the 
code of practice on risk and the environment” (competence 5.3), and “ensured their continuing 
professional development to maintain the currency of their professional engineering knowledge 
and skills” (competence 5.4). Evidence pertaining to ethics can also be provided for different 
competencies, which require the candidate to show that they understood and applied advanced 
knowledge of the widely applied engineering principles underpinning good practice (competence 
1.2). The written application is followed by an interview, comprising a presentation and a discus-
sion with the panel where candidates are further asked about how they meet the five competencies.

EI was one of the six original signatories of the Washington Accord in 1989, which targeted 
the mutual equivalence of Bachelors of Engineering degrees (International Engineering Alliance, 
2015). The Washington Accord included a focus on ethical responsibilities and the societal role of 
the engineering profession, including sustainability (see Chapter 32) (International Engineering 
Alliance, 2014). The emphasis of global accords on ethical and societal considerations in the prac-
tice of engineering is considered to have led to the establishment of engineering ethics education 
as a mandatory accreditation requirement in signatory countries (Coates, 2000).

In Ireland, ethics first appeared in 2007 in the accreditation criteria; they were revised and 
extended in 2014 and 2021 (Engineers Ireland, 2014, 2021). In addition to a program outcome 
dedicated to professional and ethical responsibilities, the most recent formulation of the accredita-
tion criteria includes an outcome on sustainability (Engineers Ireland, 2021).

The accreditation process in Ireland

EI, like ABET, accredits an individual program rather than an entire college or institution. Each 
program offered by an engineering college or faculty undergoes a separate accreditation process, 
for which it prepares its own set of documents based on guidance and objectives set by EI. This is 
a quality review process occurring approximately every 5 years. It encompasses three steps that 
are quite similar to the ABET process: (1) internal self-study documentation, (2) a site visit over 2 
days, and (3) an external evaluation report submitted by the representative of EI and the accredita-
tion panel.

The EI Registrar is responsible for managing the evaluation process, selecting the accreditation 
panel members, and preparing the agenda for the accreditation visit. Each program has an internal 
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team preparing the documents and overseeing the organizational aspects of the visit, including the 
guided tour of facilities and separate sessions with students, alumni, and employers. The accredita-
tion panel responsible for evaluating the program is comprised of two external academics and one 
industry representative.

Ethics in the context of accreditation

Martin’s (2020) doctoral study examined the evaluation of ethics for accreditation in Ireland. The 
study used internal documentation prepared by the programs, accreditation reports, interviews 
with evaluators and instructors, and observation of accreditation events. It identified how ethics 
was being considered and evaluated at the three stages of the accreditation process mentioned 
above in 23 engineering programs offered by six institutions across Ireland.

Internal self-study documentation

Within the qualitative descriptions in the self-study documents prepared by participant programs, 
ethics was often described as ‘complementary’ or ‘ancillary’ to four ‘technical’ core program out-
comes, that is, (A) technical and scientific knowledge, (B) problem-solving, (C) design, and (D) 
conducting experiments. One self-study noted: “Programme outcomes E [ethics], F [communica-
tion], and G [teamwork] are associated with developing a complementary skill set in graduates 
and are generic to most branches of engineering” (Martin, 2020, p. 250). Ethics was described in 
similar terms by a program that had the objective of “equipping students with ‘advanced technical, 
design, research and complementary skills to be of direct benefit to the profession in particular and 
society in general’” (p. 250–251). Another program at the same institution mentioned a similar 
distinction between two types of outcomes. According to the documents submitted by one of the 
participant university’s programs:

while the first four outcomes relate to the acquisition of a sound technical and analytic base 
and a mastery of the necessary discipline-specific knowledge, the last three outcomes relate 
to the practice of engineering in a work and professional context.

(p. 251)

The internal self-study documentation highlighted that the programs had a stronger focus on attain-
ing scientific and technical outcomes distributed throughout the 4 years of study, while ethics was 
integrated into just a few courses and course units. Notably, the outcomes purporting to technical 
and scientific knowledge and problem-solving were described as core technical outcomes. Ethics 
had an ancillary role in several programs, which was reinforced by descriptions that the program 
aspired to produce “graduates with the necessary theoretical foundations, domain-specific techni-
cal knowledge and practical and ancillary skills” (p. 251–252).

The description of the ‘complementary’ status of ethics within the engineering curricula was 
reflected in the numerical self-assessment of how programs deemed each of their courses to have 
met the ethics outcome. For this numerical self-assessment, Engineers Ireland (2015) recommends 
using a five-point scale for the programs to indicate how the learning outcomes set for each of their 
modules meet the seven program outcomes set by the accrediting body. These scores range from 0 
(module does not contribute to the outcome) to 4 (strongly contributes). Engineers Ireland (2015, 
p. 4) states this is “the most important section of the accreditation document.”

The analysis showed that ethics was the program outcome with the lowest weight in the cur-
riculum of the engineering programs that participated in Martin’s (2020) study.1 The average for 
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the ethics program outcome considering all courses offered by 17 of the 23 programs participat-
ing in Martin’s (2020) study was 1.56/4.00, less than half the average for the outcome purporting 
to technical and scientific knowledge (3.18/4.00) and problem-solving (3.12/4.00).2 Considering 
disciplinary differences, the lowest averages registered in the numerical self-assessment of ethics 
were encountered in the programs of Electric and Electronic Engineering (average 0.81/4.00) and 
Electronic and Computer Science (average 0.88/4.00) (Martin et al., 2019).

The curricular weight given to each of the seven program outcomes together with the explana-
tion provided about the implementation of these outcomes seem to place nontechnical skills on a 
different par than technical skills. Engineering programs tend to emphasize the attainment of tech-
nical, scientific, experimental, and design outcomes throughout the four years of study, viewing 
them as ‘fundamental,’ ‘core,’ and ‘discipline specific’ skills. Ethics, alongside the learning out-
comes of communication and teamwork, have their place in a smaller number of courses and are 
described as providing a ‘complementary’ or ‘ancillary’ skill set. Engineering programs are thus 
seen to explicitly cultivate the dichotomy between what traditionally have been called ‘hard’ skills 
and ‘soft’ skills. This distinction and language are problematic for privileging technical skills, 
sending the message to students that professional skills are optional, and marginalizing educators 
and engineers who practice and promote professional skills (Berdanier, 2022).

Accreditation visit

The accreditation events observed during the doctoral research study (Martin, 2020) revealed dif-
ferent strategies for approaching evidence that distinguished between technical and professional 
outcomes. As such, during accreditation, discussions related to the analysis of evidence led to an 
agreement among evaluators to distribute their responsibilities such that the panel was “split into 
a hard and soft outcome” for each evaluator (Martin, 2020, p. 254). Reflecting on the approach 
to evidence, ethics “tends to be not singled out,” such that the program outcomes purporting to 
technical and scientific knowledge, problem-solving, and design were discussed as a group, while 
the program outcomes purporting to ethics, communications, and teamwork were discussed as 
another group (Martin, 2020, p. 254). During the peer assessment process, less time was dedicated 
to discussing how programs met the non-technical outcomes compared to the time allocated for 
discussing the technical outcomes.

Some evaluators expressed their belief that ethics did not need to have the same emphasis 
as technical outcomes (Martin, 2020, p. 244–246). This view seems to have been shared by the 
instructors of the programs evaluated. The final plenary sessions of the accreditation events 
observed also reflected a lower threshold for what was deemed an acceptable provision of ethics 
education. Discussions between evaluators and the internal program team focused mostly on how 
technical outcomes had been met. As long as the evaluators’ comments about technical outcomes 
were positive, the seemingly weaker curricular presence of ethics outcomes (based on the quantita-
tive rubric scores or evidence) was deemed acceptable, and the programs were recommended for 
accreditation.

Overall, the participant programs’ low focus on ethics outcomes (rendered via both low self-
assessment scores and internal evidence) was perceived as a common state of affairs. Evaluators 
noted that there was “mostly low scoring” in ethics or that ethics outcomes “are hit lightly” (Martin, 
2020, p. 245). During one accreditation event, two evaluators were in agreement that “this is 
mostly the case everywhere.” Evaluators noted it was common for programs to give a low priority 
to the implementation of ethics. During interviews following the accreditation events observed by 
Martin (2020, p. 258), an evaluator stated that “sometimes it might appear like it is tagged on a bit 
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at the end … not quite an afterthought, but it is probably not given as much importance.” Another 
evaluator shared a similar opinion, considering that “ethics is way down the priority list” and is 
“mainly there just to cover the requirements of Engineers Ireland, … but the amount of module3 
content dedicated to it would be minimal” (p. 258).

Martin’s (2020) study found that evaluators regard ethics as not having a fundamental role in 
the engineering curriculum. Reflecting on his experience as an evaluator, one participant stated that 
“programs do not see it as important. They probably prioritize having the core skills as an engineer 
or as a technician as being the primary skills requirement coming from the course” (p. 256). While 
technical outcomes are implemented in a systematic manner in the curriculum of engineering pro-
grams, ethics does not receive the same treatment according to another evaluator, who claimed that:

if you take technical subjects, like structures or signal processing, the academics will make 
sure that the design of the program incorporates these, and in a logical and coherent way. But 
they do not take the same approach about the ethical material.

(p. 258)

The lack of comprehensive implementation of ethics, often incorporated via an individual champi-
on’s efforts, is also reflected in an evaluator’s remark that “programs were all relying on this person 
to show that ethics has been integrated into the program” (p. 258). The outcome is a normalization 
of the lower presence of ethics in the engineering curriculum. As such, teaching ethics in one or 
two courses will “hit the target sufficiently to avoid being a problematic issue” and for the program 
to avoid ending up in “a condition territory” when it comes to receiving the accreditation (p. 246).

Members of accreditation panels expressed difficulties in evaluating the ethics program out-
come. According to an evaluator, the ethics outcome is the most challenging to evaluate because 
“we are not specialists in ethics. … there is this part of us that believes that we are not really 
qualified to evaluate that … because we are not trained to do that. So first of all, this is something 
new. Second of all, a lot of us, and especially people teaching highly technical tools, never thought 
about it and they never asked that question” (Martin, 2020, p. 263). One evaluator even stated that 
“I just do not like the ethics” outcome, and considers the technical outcomes are “the easiest” to 
assess (Martin, 2020, p. 263).

External evaluation reports

The evaluation reports contained little information to guide programs in strengthening or increas-
ing the presence of ethics. In the recommendations related to ethics, there was a notable absence 
of suggestions for specific content or increasing the curricular presence of ethics. In contrast, there 
often was the recommendation to “strengthen ties with industry” or “introducing employers in the 
advisory board” (Martin et al., 2021, p. 369).

Summary

More attention was given to the procedural aspects of how programs prepared and displayed their 
evidence of the ethics outcome than to ensuring sufficient weight was given to ethics in the cur-
riculum or exploring the broadness or societal relevance of its treatment. Although evaluators 
noticed the lower weight given to ethics in the curricula of engineering programs, it tended to be 
considered a common state of affairs, with the evaluators reasoning that ethics does not need the 
same emphasis in the engineering curriculum compared to technically oriented outcomes. Martin’s 
(2020) study found that the existence of an accreditation criterion dedicated to ethics does not 
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necessarily lead to a curriculum that addresses the social and political dimensions of engineering 
practice broadly (Conlon, 2013; Murphy et al., 2019). The study thus points to a lower threshold 
for the ethics outcome, compared to technical outcomes, of what was judged to be a satisfactory 
education. It also suggests that while accreditation can offer an impetus for including specific 
content in the engineering curriculum, it is not a guarantee that programs offer the best education 
to meet the requirements set by accrediting bodies. The impact of accreditation on curriculum 
development and educational change can be limited by the programs’ resistance and sometimes 
self-limiting beliefs as to what engineering education is about. This adds to the current debates 
(mentioned in the previous section) of whether accreditation is indeed necessary for offering high-
quality education (Caltech, 2017).

Closure

There is a complex interplay between accreditation and licensure that connects engineering educa-
tion and practice while regulating the competencies and expectations of engineers. Important in 
grounding these linkages is the notion that engineering is a profession. Licensing and accreditation 
are key considerations in the conversation around engineering ethics education. These processes 
and the standards they set guide curriculum development, including the role of ethics; highlight 
what is valued and required in engineering practice, such as ethical responsibilities; and inform 
professional conduct, such as behaving ethically and the implications of not doing so. Establishing 
ethical processes for setting and enforcing engineering licensure and educational requirements, 
such as attending to inclusion and transparency, is critical. Accreditation and licensure continue to 
grow in importance with the globalization of the engineering workforce and the need for cross-cul-
tural understanding of ethics (Chung, 2015). International efforts such as the Washington Accord 
and the European Network for Accreditation of Engineering Education (ENAEE, 2021) provide 
a level of global alignment among the processes and criteria for undergraduate engineering pro-
grams to be accredited. Although many accreditation documents include a marginal consideration 
of ethics compared to other outcomes, there is still variety in how ethics is implicitly and explicitly 
treated and defined (Junaid et al., 2022). This heterogeneity is greater for licensure, where pro-
cesses and standards, including whether they are mandated, vary across disciplines, industries, and 
regions within the same countries. Disciplinary variation in licensure and education is notable and 
appropriate. However, given the increasingly interdisciplinary roles and implications of engineer-
ing work and continually evolving challenges, lifelong learning concerning ethics is critical for 
all working engineers. Globalization and mobility in the engineering workforce call into question 
the applicability of standardizing ethics (Clancy & Zhu, 2021; Zhu & Jesiek, 2020). The role of 
accreditation and licensure thus have implications for engineering ethics education not only via 
curricular and professional expectations but also via the cultural and power dynamics through 
which they are developed and implemented.

Notes
1 Note that the analysis follows Engineers Ireland’s (2014) formulation of program outcomes. These were 

subject to redesign following the study, with a revised set of criteria being published in 2021.
2 The other six programs could not be included in the analysis of the self-assessment scores due to using a 

different self-assessment scale that could not be converted to the scale recommended by Engineers Ireland 
(2015).

3 In the Irish higher education system, a ‘module’ is the typical designation for a ‘course’ in the US.
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Introduction

Ethics is essential to the engineering profession, embroiled within engineering regulations, codes, 
canons, and decision-making. As such, it’s also part of engineering education, mandated and moni-
tored in engineering programs accredited by national and international regulatory bodies (for more 
on this, see Chapters 19 and 22). However, ethics is complex, and even if engineering educators 
were to develop methods to teach to this complexity (and we argue that to date, they largely don’t), 
it would still be difficult to assess under accreditation. Ethics requires practice; it cannot (just) be 
leveled and measured.

This practice must be muddy and messy, and prioritized over the achievement of reductionist 
individual learning outcomes (Woolston, 2008). Although we shouldn’t teach engineering ethics 
for the sake of accreditation, it’s impossible to separate our pedagogical decisions and approaches 
from accreditation regimes. The reduction of ethics to serve accreditation decouples it from its 
complexity and connections to broader concepts that are inextricably linked, including equity, 
diversity, inclusion, and social and environmental justice.

Here, we hesitate to define ethics. Wilson (2008) draws on Tafoya’s (1995) Theory of 
Uncertainty to explain how you can’t know both context and definition simultaneously; we’re 
more concerned with understanding engineering ethics education in the context of accredita-
tion and research. Therefore, to begin this journey, we offer Walker’s Moral Understandings: 
Alternative ‘Epistemology’ for a Feminist Ethics. She writes about the necessity of ethics and 
moral legitimacy as a fight for moral justice to “end male domination, or perhaps to end domina-
tion generally” (Walker, 1989, p. 15). In our experience, this is not an approach commonly taken 
in engineering. In fact, in this chapter, we argue that current engineering ethics education and 
accreditation, if anything, promote and maintain demographic and social injustices.
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A feminist critical analysis of engineering ethics education

Engineering ethics content and pedagogy are often rooted in objectivity and reductionism, 
(unconsciously) promoting Western, educated, industrialized, rich, democratic (WEIRD) ide-
als (Martin et al., 2023) that call to mind colonial practices encountered in engineering practice 
(Davies, 2021; see Chapter 9 for more on this topic). There is less attention paid to critical per-
spectives on what engineering ethics is and who decides; on how engineering ethics interacts with 
professional codes, societies, and licensure organizations; and on the power influences that exist 
within engineering ethics structures and approaches.

Thus, how engineering ethics education and accreditation are emphasized – or not – in the 
literature and the power dynamics influencing them need to be questioned. We examine how three 
parallel goals of engineering ethics education come together and into conflict with each other: 
teaching future engineers, obtaining and maintaining accreditation, and conducting pedagogical 
research. How are we, as engineering educators, motivated to engage in engineering ethics teach-
ing and learning? How are these efforts self-limiting within the epistemological and ontological 
frames that comprise engineering ethics education, accreditation, and practice? What roles do 
accreditation artifacts play in thought leadership, in enacting accountability, in perpetuating lim-
iting epistemologies, and in driving or resisting change?

This chapter puts forth a critical feminist standpoint analysis of engineering ethics education in 
the context of accreditation, research, and practice using a narrative methodology. We challenge engi-
neering ethics education and accreditation as Western/Global North concepts exclusionary to other 
perspectives. We explore the epistemic power relations within engineering accreditation and its reduc-
tionism and assess-ability. We examine how boundaries are drawn. We conceptualize engineering 
ethics education accreditation as a rhetorical justification, performative discourse artifact, and feckless 
change strategy. We address the silences in the literature and then close by arguing that, inadvertently, 
we are puppeteers of accreditation, perpetuating inauthentic change and limiting transformative engi-
neering ethics education. Throughout the chapter, we leverage scholars who have engaged in these 
critical discussions and consider how to turn these philosophical discussions into action.

Positionalities

Each author has engaged with engineering ethics education and accreditation processes in diverse 
contexts and systems. These experiences come from our roles as accreditors, researchers, faculty 
members, administrators, and board members through a range of engineering education positions 
affording us different freedoms and power and forms of constraint. We are (at the time of writing 
this chapter) an assistant professor, doctoral candidate, senior researcher, and engineering dean.
We engage in critical and sociotechnical engineering education research, and combined, have 
lengthy careers as theorists in social justice, decolonialization, and critical theory, where we aim 
to challenge the status quo in engineering cultures and identities. We are all women of various 
European ethnicities, working in, studying, and promoting justice-oriented perspectives in engi-
neering education through research, practice, and community service. We come from different 
backgrounds, including diverse socio-economic statuses, sexual orientations, nationalities, reli-
gious or spiritual beliefs, political structures, ages, educational journeys, (dis)abilities, and family 
structures. We have each struggled to undo habits of behaviors and thoughts, including implicitly 
engrained WEIRD traditions for three of us raised as settlers in North America, and for one of us 
born during communism in Romania, the afterlife of Marxist philosophy. These are not easy tasks. 
Due to language, awareness, and our choice to lean into our authority of experience in this chapter, 
our literature review comes from WEIRD-centric journals, conferences, and experiences that can-
not and should not be generalized for all possible experiences. We acknowledge the limitations 
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of our perspectives and experiences, rooted in our demographic standpoint. We offer this critical 
feminist standpoint analysis as a culmination of our collective experiences, understandings, acts of 
resistance, criticisms, and hopes for advancing more critical scholarship and research of WEIRD 
engineering ethics education in the context of accreditation, as it hardly exists.

Approach

For this work, we ask: How is engineering ethics education represented in the literature and in 
our experiences? What stories are told, and what is silenced? What are the power dynamics at 
play, the implicit gaps in research, and the silences in the texts on accreditation and engineering 
ethics education?

To explore these questions, we combine a review of the literature with critical feminist stand-
point analysis, leaning on authority of experience and reading the silences in texts (Olsen, 1978; 
Scott, 1999). It is important to note that “standpoint theory has been criticized for its tendency to 
universalize white, western, middle class women” (Beddoes et al. 2011, p. 286). We thus use this 
analysis cautiously, deploying it with the intention of uncovering the silences and bringing it into 
conversation with critiques of Western normativity.

As a methodology, the authority of experience is closely aligned with feminist standpoint theory, 
which asserts that women’s experiences are essential for knowledge-building, particularly within our 
WEIRD and patriarchal society, and are “legitimate sites of knowledge” (Beddoes & Borrego, 2011, 
p. 286). Feminist standpoint theory is connected to the sciences (Haraway, 1988), “maintain[ing] that 
scientific knowledge in a ‘gender-stratified society’ has marginalized women’s experiences and has 
therefore produced knowledge biased by male interests and perspectives” (Beddoes & Borrego, 2011, 
p. 286). It acknowledges that the personal insights gained from women’s experiences are “distinctive 
resources” (p. 286) unable to be perceived by dominant groups and thus essential to be considered 
alongside scientific understandings to produce knowledge with “theoretically richer explanations” 
(Harding, 2001, p. 145, as quoted in Beddoes & Borrego, 2011, p. 284). Feminist standpoint theory 
involves “studying … interpretation and intention” (p. 292), with its value found in how “the findings 
then are used to challenge existing power relations and guide future research” (p. 292).

We intentionally embody standpoint theory in this work, and explicitly name and claim it as 
feminist work (Riley, 2013). We identify as women, a group outside the dominant demographic 
of engineering; we hold that engineering and its cultures and driving forces, such as accreditation, 
exist in this patriarchal world, rooted in and dominated by patriarchal “ideologies, values, and 
institutions” (Beddoes & Borrego, 2011, p. 285); and we consciously choose to “listen to women’s 
voices” (p. 292) – our voices – and be guided by our own experiences of accreditation. In this way, 
we are conscious “participants” in this work, aiming to produce “new and less coerced informa-
tion” by harnessing our viewpoints (McLoughlin, 2005, p. 374). We employ a narrative style to 
augment our findings with our personal experiences and anecdotes rather than tracing causality 
by inferring from empirical data. We shared stories as part of our research approach, exchanging 
anecdotes about our experiences with and knowledge of accreditation in our contexts to kindle this 
work and forge our pathways into the literature.

Story-telling as a research methodology has been advocated for by Indigenous (Wilson, 2008) 
and critical race scholars as a valid research method and also a necessary method (Datta, 2018). 
Through story-telling, researchers are given agency and power, leading to more “connected, col-
laborative, and comprehensive” research (p. 42). Story-telling as a methodology deconstructs our 
positions as researchers and provides us with a space to apply critical self-consciousness and self-
realization through our interactions and relationships with the research.
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In this way, story-telling, as part of our approach, supports our feminist standpoint position. 
“For a position to count as a standpoint,” Harding (2001, p. 147, quoted in Beddoes & Borrego, 
2011, p. 292) has written, “we must insist on an objective location – women’s lives – as the place 
from which feminist research should begin.” Through this, we’re able to model and exemplify the 
importance of adjusting research methodologies to unlearn, disrupt, and resist normative tenden-
cies. Therefore, unlike systematic literature reviews, our review was intentionally not compre-
hensive. In this chapter, our discussion is influenced by the literature within the spheres of our 
experiences, and the gaps rather than the continuities woven into our stories.

As such, we critically reviewed and reflected on journal articles, textbooks, conference pro-
ceedings, and reports from these sources:

• Journals (Australasian Journal of Engineering Education; Engineering Studies; European 
Journal of Engineering Education; IEEE Transactions on Education; International Journal 
of Engineering Pedagogy; Journal of Women and Minorities in Science and Engineering; 
Journal of Engineering Education Transformations; Science and Engineering Ethics; and 
International Journal of Engineering, Social Justice and Peace)

• Textbooks (Springer POET, Philosophy of Engineering and Technology book series)
• Conference proceedings (American Society for Engineering Education; Canadian 

Engineering Education Association; European Society for Engineering Education; Frontiers 
in Education; Global Engineering Education Conference; World Engineering Education 
Forum)

• Reports we’ve encountered (often confidential, so we include only our observations and 
reflections)

Western normativity

Engineering ethics education and accreditation are dominated by a Western/Global North system 
that perpetuates a neoliberal and colonial worldview. The introduction of ethics as an outcomes-
based accreditation criterion is often credited for the increase in engineering ethics classes (Martin 
et al., 2021) and “potentially elevat[ing] the prominence of instruction in engineering ethics and 
the societal context of engineering” (Herkert, 2000, p. 303). However, these assumptions place too 
much power in accreditation while ignoring a rich history of engineering ethics education that was 
multifaceted and interdisciplinary.

Engineering ethics education was required well before accreditation and outcomes-based 
assessment (Wacker, 1990). For example, focusing on the United States: As early as 1968, Sterling 
Olmsted developed Liberal Learning for the Engineer, which prompted experimentation with 
teaching interventions addressing technology’s societal implications (Wisnioski, 2012, p. 165). 
In 1970, the Punderson Conference brought together 35 engineering, humanities, and social-sci-
ences instructors to discuss greater coherence between the technical and liberal components of the 
engineering curricula and increase their societal relevance (Gravander, 2004). In 1977, a report 
commissioned by the Hastings Center mapped the status and prospects of engineering ethics and 
addressed for the first time the aims and content of engineering ethics education, instructor quali-
fications, and available teaching materials (Baum, 1980; Mitcham & Englehardt, 2019). The late 
1970s and 1980s saw the publication of the first textbooks on engineering ethics (Mitcham, 2009; 
Weil, 1984).

Nevertheless, the literature and public discourse (mostly from the Global North) often credit 
outcomes-based accreditation processes as a prompt for introducing and developing ethics in engi-
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neering programs. These changes did increase research on designing curricula to measure engi-
neering competencies, an increase seen between 2000 and 2010 across the United States, Canada 
(Brennan 2018), and Europe in parallel with the timing of outcomes-based processes.

The expansive adoption of the Washington Accord, which has strong status and power in the 
international community, led to the alignment of accreditation systems in countries worldwide 
(Patil & Codner, 2007). The Washington Accord, signed in 1989, has six original members, repre-
senting engineering education systems from WEIRD and Anglo-Saxon countries. Since its incep-
tion over 30 years ago, it’s grown in scope and power (Klassen, 2018). Currently, it includes 23 
countries with full rights and eight provisional signatories, an expansion explained as the outcome 
of globalization (Sthapak, 2012). The current provisional signatories (i.e., those on track to receive 
approval in the future) are all from countries in the Global South. This process of assimilating into 
Western norms is fraught with power issues, where we are implicitly using the mainstream defini-
tion of ethics and seeing ourselves as ‘ethically’ colonizing the Global South.

The influence of the Washington Accord has spread to signatory and non-signatory countries 
alike, where accreditation requirements, although not completely overlapping (Patil & Gray, 2009), 
nevertheless have a similar focus (Hanrahan, 2008; Paul et al., 2015). Engineering accreditation 
competencies often aim to broaden engineers’ scope, and “inform them about their ethical, social, 
and professional responsibilities” (Sethy, 2017, p. 987). However, by focusing on competencies, 
accreditation processes overly endorse outcomes-based education, which leads to reductionist 
approaches to engineering ethics education. By proximity, engineering ethics education becomes 
steeped in serving neoliberal interests, where competencies and their assessment prioritize gradu-
ating engineers who can contribute to the economy rather than engineers who could serve soci-
ety’s needs (Handford et al., 2019; Leyva, 2009; Riley, 2012). In this sense, globalization in the 
engineering ethics education landscape is more a domination exercise by Western domains than 
an attempt to create a global engineering ethics education encompassing a broad range of cultural 
perspectives and ethical frameworks (Anwar & Richards, 2013; Gray et al., 2009; Haug, 2003).

This homogenizing of engineering ethics education creates a singular conceptualization that 
can be harmful when mismatched with local populations. With singular conceptualizations of 
accreditation requirements ‘spreading’ worldwide, we see a diffusion of the considerations as to 
what engineering ethics is and how ethical decision-making is taught. Diverse views sit apart from 
this: Confucian philosophy (Zhu, 2020), anti-colonial, feminist, African values, and others are not 
represented in canonical engineering ethics. Typically, the major ethical theories in engineering 
ethics education are consequentialism or deontology frameworks, which developed in the cultural 
space of Europe and Ancient Greece, “a specific product of the Western philosophical tradition” 
(Luegenbiehl, 2009, p. 149). This domination and the perpetuation of uniform ideals can create 
a dissonance for ‘non-WEIRD’ student populations (Clancy et al., 2022), which is a significant 
portion of engineering students worldwide given that WEIRD demographics are “the least repre-
sentative populations one could find for generalizing about humans” (Henrich et al., 2010, p. 61).

Literature acknowledging the power dynamics in the development of professional codes of 
ethics and accreditation metrics is nascent (Klassen, 2023; Seron & Silbey, 2009). Ethics litera-
ture often focuses on the pedagogies used to teach ethics (Hess & Fore, 2017); however, these 
pedagogies rarely take a critical perspective on what engineering ethics is, how engineering ethics 
interacts with professional codes, and how power influences engineering ethics structures and 
approaches (Martin et al., 2021). The critical literature that exists is cited heavily throughout this 
chapter; however, it is typically disconnected from having any power in the process. Thus, the 
educational ideal set in the UNESCO World Declaration on Higher Education for the 21st Century 
to “understand, interpret, preserve, enhance, promote and disseminate national and regional, inter-
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national and historic cultures, in a context of cultural pluralism and diversity” (UNESCO, 1998, p. 
3) is lost in the articulation of accreditation ethics requirements.

We argue, based on our personal beliefs and first-hand experiences, that ABET and its efforts 
at globalization is a colonial neoliberal project intentionally planned ‘to take over the world’. In 
2009, George Peterson, the executive director of ABET from 1993 to 2009, who led the organiza-
tion through EC 2000, wrote about the importance of ABET’s venture into non-domestic accredi-
tation, emphasizing that it would produce engineering graduates qualified to work “in any country 
on earth” (Peterson, 2009, p. 82). ABET “oozes zealotry, bewildering vocabulary, unexamined 
tenets, reliance on imperatives rather than indicatives, irrefutable claims, and support from admin-
istrators and politicians, not practitioners” (Woolston, 2008, p. 4). Accreditation seems not to be 
about education and learning but about power, with the goal of maintaining and expanding a 
particular cultural role and status in engineering (Slaton, 2012). Accreditation is big (financial) 
business that supports “corporate instrumentalism” and “corporatism in engineering,” reducing 
the “professional independence of engineers” and the importance of public interest while increas-
ing capitalist market expansion (Handford et al., 2019, p. 171). Yet, non-Western locales, even if 
conscious of this domination, still adopt these framings, as the power of being ABET-accredited 
outweighs fighting Western domination (Balakrishnan et al., 2021). To change the system, a dou-
ble anti-colonial push is recommended: first, the formulation of requirements must be opened to 
include diverse non-Western values and theoretical perspectives and authentic reckoning of the 
harms resulting from WEIRD ethics shaping engineering practice; and second, research must be 
consolidated to form more inclusive and broader engineering ethics education and accreditation 
processes that confront, resist, and avoid defaulting to WEIRD samples, research methodologies, 
and theoretical lenses.

Epistemic power relations

In addition to WEIRD dominance, the biases and devaluations of engineering ethics education are 
deeply embedded in the cultural epistemological power hierarchy of knowledge. This has mul-
tiple threads, including (1) othering: the perpetuation of the superiority of technical knowledge 
and skills over the ‘complementary’ engineering competencies; (2) false authority: those with 
objective, technical knowledge have independent authority to make decisions, including ethical 
decisions; (3) unquestionable rigor: assuming that the positivistic, structured approaches of eth-
ics accreditation are thorough and indisputable; and (4) engineering elitism: undervaluing and/or 
discounting non-expert and non-engineering perspectives during accreditation.

Firstly, engineering ethics is often seen as other than the ‘core’ knowledge required for engi-
neering students (Cech, 2014; Monteiro et al., 2017; Stevens et al., 2007). Although recognized 
within most accreditation processes, it is often lumped with professionalism and social context 
and described using language such as ‘soft,’ ‘complementary,’ or ‘ancillary’ (Parker et al., 2019). 
It has historically been described as a “complement to the technical content” (Wacker, 1990, p. 
97), positioning ethics as a less important, non-essential topic in engineering education. Whether 
through direct comments or indirect actions, we’ve observed accreditation visitors perpetuate this 
othering hierarchy in their attention and efforts to evaluate the ‘more essential’ (and thus superior) 
technical knowledge and skills and gloss over the ‘other’ ‘professional skills.’

To counteract these discourses, engineering ethics education is often packaged to be more like 
technical topics, such as by emphasizing quantitative methodologies like decision trees and risk 
factors (Harris et al., 1997). This also devalues it. As Newberry (2004) writes, “we should resist 
the tendency to engineer-ize ethics” by viewing it as another rational-scientific problem to be 
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solved. Commandeering ethics as a calculative skill perpetuates the bias that “soft skills are ‘easy’, 
and perhaps don’t require formal education, while hard skills are ‘difficult’ and must be continu-
ally reinforced in multiple classes” (Bauschpies et al., 2018, p. 2). This reflects “the profession’s 
tendency to marginalize, ignore, silence, and/or atrophy the … central elements of ethical engi-
neering practice” (Riley & Lambrinidou, 2015, p. 2), which include the non-technical dimensions 
of engineering, local knowledge, agency of all persons, and the public as the profession’s primary 
client.

Often engineering ethics is conflated with the social, economic, environmental, and global 
impacts of engineering solutions (e.g., within ABET student outcomes 1–7). It’s not to argue these 
macro topics aren’t also critical concepts to ethical engineering, but rather that these blended and 
ancillary approaches demote essential competencies into “diluted … everything-but-the-kitchen-
sink outcome[s]” (Riley, 2016) and ‘othered’ topics, which devalue and limit the attention on the 
teaching and assessing of ethics in engineering education. We don’t skip calculus courses and 
blend calculus learning outcomes into thermodynamics courses; all these topics (ethics, social, 
economic, environmental, etc.) are important to teach independently, as well as in integration.

The second epistemological tension is the perpetuation of a false sense of authority and how 
this relates to engineering ethics education. There is a dichotomy: although ethics is othered and 
devalued in engineering education, in a parallel discourse it is frequently emphasized as essen-
tial to engineering identity. Ethics is synonymous with engineering as a profession and has 
been acknowledged as core to professional engineering conduct for over 50 years (Rottmann & 
Reeve, 2020). Students acknowledge this importance in how they define engineering (Doré et 
al., 2021); however, it is combined with the belief that positivist approaches are superior, and 
engineering ethics education tends to “favor sober deliberation and reason over passion and senti-
ment” (Fernandez, 2021, p. 3). A belief in objectivity and the ability to rationally solve problems, 
including ethical problems, gives students a false sense of power and authority over engineering 
decisions. Gary Downey (2012) argued how this bias for ‘normative holism,’ embedded in engi-
neering’s rhetoric of improving the welfare of humanity, creates a false logic in which engineers 
assume that when they engineer, they must be doing ‘good.’ This implies that an engineer doesn’t 
need ethics education and can consider themselves ethical as long as they graduate from an accred-
ited program, behave professionally, and abide by the law (Bauschpies et al., 2018).

Building on this is the “flaw of the awe” (Bauschpies et al., 2018, p. 1), a culture that positions 
engineers as purely objective, the ultimate authority, and even as the public ‘savior.’ Engineers are 
perceived as ‘heroic’, which perpetuates a greater sense of obligation to the public. Although ‘awe’ 
of nature (waterfalls, sunsets, etc.) is typically humbling, ‘awe’ of engineers is very individualistic 
and leads to awe of oneself, and to the assumption that engineers have all the power and greatness 
needed to make (ethical) decisions (Fernandez, 2021). This sense of superiority and feeling of 
being “technological guardians of the public good” furthers engineers’ belief in their elite (though 
arguably unethical) ability to speak on behalf of communities without engagement, “often delegiti-
mizing or discounting local knowledge, agency, and voice” (Bauschpies et al., 2018, p. 1).

Third, given that engineering education tends to perpetuate and attract systematic and ana-
lytical approaches to knowledge building, there is an underlying unquestionable rigor to said 
processes, and it becomes difficult to challenge approaches such as outcomes-based assessment. 
These analytical, systematic, and structured processes inherently hold power over engineers, engi-
neering educators, and engineering accreditors because they appear to be robust (Woolston, 2008). 
Heywood (2016) confirms: “It seems that if an objective (outcome) is stated in terms of what a 
person is able to do that there can be no question about its validity” (p. 3). Not surprisingly, this 
appearance of robustness creates inconsistent and inauthentic approaches to teaching engineering 
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ethics. This competency lives within a knowledge paradigm that actually cannot be systemati-
cally and objectively analyzed. For example, we observed accreditors being unconcerned by low-
scoring and failing ethics accreditation evaluations, remarking, ‘That’s normal.’ The belief in the 
positivistic, systematic approach is so strong that it is maintained even when there is methodologi-
cal evidence it is not working. These notions are cradled within the false notions of engineering as 
objective (Lord et al., 2019), and in the pursuit of “rigor” (Riley, 2017) and validity.

The final thread of epistemic power we address is engineering elitism within engineering eth-
ics accreditation. This is the idea that only experts can teach engineering ethics – similar to the 
accreditation argument that only engineers can teach design (Hladik et al., 2023). What constitutes 
an expert is curious and contradictory, however. On the one hand, we have the inexplicable con-
tinuing assumption that engineering instructors with accredited engineering degrees are unpre-
pared and unqualified to teach engineering ethics. When engineers abdicate their responsibility to 
teach ethics and send students across campus to philosophers, this emphasizes the devalued ‘other’ 
status of ethics. On the other hand, within the elitism of engineering, having engineers teach engi-
neering ethics is believed to lend “credibility to the course in the students’ perception” (Wacker, 
1990, p. 4). In fact, to improve ethics education, we’ve observed accreditors recommend strength-
ening ties with industry and engaging more professional engineers as guest speakers. Although 
professional experience and practice can be essential in making decisions (Klein, 1998; Walther 
et al., 2007), this assumption is problematic. Experience helps to recognize patterns in decision-
making, but given the underlying unquestionable rigor, these ‘patterns’ in a rational engineering 
culture are often rooted in assumptions of superiority and correctness, and not necessarily in ethics 
(Perlman & Varma, 2002).

Each of these epistemic tensions (techno-superiority, false authority, unquestionable rigour, 
and engineering elitism) creates a null curriculum for students: They get the message that ethics 
isn’t really part of the central body of engineering knowledge, yet they still have the authority and 
power to make ethical decisions. This cycle of power is further perpetuated by the reductionist 
approach we use to teach and assess engineering ethics.

Reductionism and assess-ability

Accreditation drives outcomes-based assessment, where the goal becomes teaching engineering 
competencies (‘graduate attributes’ or ‘learning outcomes’) so they can be assessed (Shuman et 
al., 2005). As such, ‘ethics’ is condensed into content (rather than behavior) that can be (easily) 
taught and measured.

In engineering education, teaching and assessing ethics often mimic other technical skills and 
courses, using reductionist, calculative, and objective approaches. This takes a Newtonian, deter-
minist, and mechanist view of the universe, a belief that the human and more-than-human world 
can be broken into its mechanical parts and described by mathematical equations (Bauschpies 
et al., 2018). Rottmann and Reeve (2020) dub this reduction as the “rules and codes approach,” 
which “remains a baseline feature in engineering ethics education” (p. 148). Although more acces-
sible (and assessable) for students, this approach “may unintentionally omit ethical principles that 
have not been codified, implicitly treating ethical codes as uncontested statements of moral good 
rather than historically contextualized settlements negotiated by professional regulators, their con-
stituents and the public” (p. 148–149).

This reductionist approach overemphasizes teaching ethics through case studies (Martin et al., 
2020; Polmear et al., 2019) that focus on the micro ethics of engineering failures, often through 
analysis of mistakes in calculations or simple processes (Perlman & Varma, 2002). Inclusions 
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of engineering ethics in the curriculum often cite engineering accidents or disasters, such as the 
Turkish Airlines cargo door failure, the chemical release at Bhopal, the Ford Pinto issue, or the 
Challenger shuttle explosion (Didier, 2000). We teach ethics – or ‘failure’ – hoping engineers will 
act more responsibly in the future. This reductionism is also maintained by calculative approaches 
to ethics, where ethical problems use measurement tools, “such as ‘line drawing’ to weigh options, 
creating flow charts, and using cost-benefit analyses,” suggesting that the “right” decision can be 
found by applying “a set of heuristics” (Bauschpies et al., 2018, p. 3). Ethics is reduced to concrete 
concepts such as “harm,” “safety,” “disclosure,” “honesty,” or “fairness” (p. 42). These are impor-
tant elements of ethics; however emphasis on these micro-ethics implies they are the primary and 
most important ethical considerations within engineering.

One justification for reductionism is that one cannot measure ethical action, only student under-
standing of ethical proscriptions or principles (Davis, 1991). As such, educators often do not hold 
students accountable to a high enough standard of responsible action and behavior, and rest rather 
on teaching and assessing rote ‘understanding.’ Engineering ethics is often assessed through mul-
tiple choice exams that imply ethical action is fulfilling a duty to do one right action, when ethical 
decisions often have significant complexity (Swan et al., 2019).

Heywood (2016) argued that reductionist assessment tools influence what students learn about 
ethics (content) and how they learn to think about ethics (strategies). Woolston (2008) argued 
similarly, specifically incriminating outcomes-based assessment, which “simply shifts the focus 
to assessment, specifically to the results of whatever educational process is at hand, not how the 
learning itself takes place” (p. 1). As such, students are trained to focus on the ‘answer’ being 
sought rather than on the processes of critical thinking and behaviors required to engage in ethical 
considerations for authentic real-world ethical practice (Perlman & Varma, 2002). These tactics 
arguably perpetuate “the disinterest shown by students for the lack of their emotional engagement 
with ethics issues” (Barros-Castro et al., 2022, p. 2) and result in engineering ethics education (and 
accreditation) that is disconnected, “unsystematic,” and unimpactful (p. 1).

In our experience, many accreditation visitors don’t hold programs to more than a standard of 
minimum student understanding, either. Ironically, most ABET assessors don’t have assessment 
backgrounds (Akera et al., 2021). Accreditation processes are fraught with anecdotes, side com-
ments, and direct declarations from accreditors not clearly knowing how to assess ethics as an 
outcome. This irony extends as the accreditors who do the assessments perpetuate the belief that 
professional ‘soft’ skills (such as ethics) can’t be assessed.

While many engineering education researchers conclude that we need more interactive pedago-
gies that position students as agents (Whitbeck, 1998), there is a deeper consideration. Engineers’ 
behavior has a broader set of influences and power dynamics within disasters, ones that education 
can affect in limited ways, at best, and that accreditation influences even more indirectly (Vaughan, 
2004). The reduction of ethics to serve accreditation decouples it from its complexity and removes 
critical connections to broader concepts of equity, and social and environmental justice. Further, 
outcomes-based assessment eliminates variation in student learning. Thus, rather than supporting 
and increasing student diversity, a ‘wicked’ problem engineering has been wrestling to solve for 
decades, it rather ‘de-diversifies’ students, drawing boundaries and reducing them to a ‘variable’ 
to be controlled for (Woolston, 2008).

Drawing boundaries

Mitcham and Englehardt (2019) argue that the boundaries between the internal and external STEM 
communities perpetuate the boundaries between ethics as code (inside the community) and ethics 
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as social justice (outside the community). We argue this is enacted in engineering ethics educa-
tion and propagated by accreditation. This insider–outsider boundary also fosters secrecy, which 
Perlman and Varma (2002) contend is counter to engineering ethics, “which requires transpar-
ency” (p. 47).

In Canada, The Ritual of the Calling of an Engineer, a 100-year-old secretive engineering 
graduate ceremony, is an enactment of this power boundary. A recent analysis demonstrated this 
secretive ritual upholds and maintains boundaries of engineering ethics that are reductionist and 
positivistic (Paul et al., 2023). The ritual and ceremony, written by known imperialist Rudyard 
Kipling (see www .retoolthering .ca for more), is an engineering tradition and example of safe-
guarding the problematic boundaries of ethics discussed in this chapter.

As discussed, engineering codes are frequently used in teaching and assessing ethics to legiti-
mize engineering ethics education as being within the boundaries of engineering. Colby and Sullivan 
(2008) describe how engineering codes are a “valuable framework for thinking about the goals of 
educating for engineering ethics” (p. 327). However, they clarify that educators must look below the 
surface to consider the skills, behaviors, and mindsets required to achieve the codes and avoid losing 
the broader implications of engineering. Codes provide an accessible approach to ethics education, but 
engineering educators may omit ethical principles outside the codes, treat the codes as indisputable 
statements of morality, and deny the historical framing and boundaries embedded within the codes 
(Mitcham & Englehardt, 2019; Rottmann & Reeve, 2020; Tang & Nieusma, 2017; Vesilind, 1995).

Riley, Slaton, and Herkert (2015) further this insider–outsider boundary by drawing on Slaton’s 
(2001) earlier work on reinforced concrete standards that served to shift expertise from artisans 
(who aren’t subject to the standards) to engineers. They argue that engineering ethics codes create 
a class of workers capable of “proper technical conduct” (p. 4), set apart from non-engineers who 
are not subject to the code. Superficially, ethics codes reflect a common set of values for the profes-
sion or lay out essential capacities for engineers to develop in their professional formation. Yet in 
practice, as argued, ethics is relegated to the fringes of most curricula and given little emphasis by 
accreditors. Codes are inherently political: created within past histories, attempting to predict future 
transgressions, and interpreted through the present (Mitcham & Englehardt, 2019). By maintaining 
a vagueness in writing codes, power interests are met while holding fast the boundaries and control-
ling who has access. Building on Pfatteicher’s work (2005), Slaton (2012) explains: “codes of eth-
ics that historically have urged engineers to practice only within the limits of their own competence 
have rarely defined those limits clearly,” which makes engineering standards and codes “virtually 
impossible for non-experts to apply” (p. 100). These examples emphasize how codes produce pro-
fessional identity and continue to maintain (police?) the profession’s boundaries.

Engineering ethics education via accreditation also maintains a boundary between the technical 
and social (Friedensen et al., 2020; Martin & Polmear, 2023), the danger of which has been dis-
cussed for decades (Didier, 2000). McAuliffe (2006) argues that our education system teaches “the 
technician worldview, with its ideological tunnel vision and disinterest in stepping outside of pro-
fessional standards,” making professionals “less attuned to the situational contextual dynamics” 
(p. 493). The boundary between technical and social reflects Cech’s (2014) work on the social dis-
engagement culture that “seems to be inherent to engineering education” (Mitcham & Englehardt, 
2019, p. 1756). The irony is that this is counter-intuitive to engineering, which “is the interaction 
of people and ‘things,’ or people and any engineered technology, that brings ethics to the fore” 
(Ballentine, 2008, p. 332).

The authority wielded through professional codes upholds a power boundary, giving a profes-
sion elite status. However, any attempts at changes to codes (e.g., sustainability, gender and sexual 
diversity, equity, inclusion, decolonization, the iron ring) cause significant stirs (Paul et al., 2023; 
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Riley et al., 2015) because change requires shifting a stiff boundary upheld by people with sig-
nificant power. Through codes and standards, these boundaries are passed down and perpetuated 
within engineering ethics education, accreditation, and literature.

Rhetorical justification, performative artifact, and change strategy

Ethics, accreditation, and ethics accreditation as a rhetorical justification, performative discourse 
artifact, or change strategy were also prevalent across the literature.

Although our review method intentionally did not seek to describe quantitative findings, in a 
significant portion of articles, the terms ‘engineering ethics education’ and ‘accreditation’ were 
mentioned only briefly. These mentions provided context and justification and were found mainly 
in the introductions and/or conclusions, at times in the abstracts or background sections, and gen-
erally nowhere in the body of the literature. This was especially common in conference papers, 
where outcomes-based accreditation requirements were used as a rhetorical justification to vali-
date the ‘why’ of pedagogical innovations.

Others positioned the addition of outcomes-based accreditation as a change strategy for engi-
neering ethics, and ethics education as a ‘response’ to the call for change to engineering education 
(e.g., Rottmann & Reeve, 2020). Typically, this worked from an implicit or explicit assumption 
that accreditation could drive change in engineering education; at times, this too was merely per-
formative, and at other times more substantive and sincere, if ignorant of accreditation’s power 
dynamics and self-limiting nature.

Although rhetorical justification, performative discourse, and change strategy are three different 
narratives, we argue that the power dynamics within each are interconnected. There is an underlying 
harmful assumption that accreditation is beneficial to engineering ethics education and, more broadly, 
to engineering education. Accreditation further drives the rhetorical justification of outcomes-based 
assessment as a change strategy as it gives power to the data as ‘evidence’ that ‘ethics’ is included. 
However, the inclusion is rarely authentic and is perhaps actively encouraged to be inauthentic: 
“The implementation of this component was typically characterized by a ‘laissez-faire’ approach … 
strongly suggest[ing] that the engineering academic community was not motivated to achieve the 
spirit of the accreditation objectives” (Wacker, 1990, p. 98). There is a lack of clarity on what ethics 
is (rightly so, given its muddiness) and the purpose of engineering ethics education; accreditation 
tries to answer these by wordsmithing the perfect outcome. But there are invalid assumptions: (1) 
that measurement and assessment will lead to improved education; (2) that improved education 
will lead to improved learning; and (3) that improved learning will lead to improved ethical actions 
(Biesta, 2007). One could argue, as Woolston (2008) does, that accreditation and outcomes-based 
assessment as a pedagogical change strategy is feckless; it really only changed accreditation and 
outcomes-based assessment, rather than actually improving students’ learning.

Silences

The power we’ve exposed in this chapter is also wielded in the silences. Engineering ethics, as 
developed by instructors and policed by accreditors, advances segregation. These are the ‘holes’ 
in disciplinary knowledge created by the exclusionary boundaries (Pawley, 2012). The WEIRD 
biases of engineering ethics mean we’re missing feminist ethics frames (Walker, 1989) around care 
(Pantazidou & Nair, 1999) and justice (Jaggar, 1995), and those that call out the military-indus-
trial-prison complex (Nieusma, 2013; Philip et al., 2018) (see Chapter 15). We are biased toward 
thinking about ethics rather than feeling it (Hess & Fore, 2017) or embodying it (Bombaerts et al., 
2023). Winner (1990) shows how our reduction of ethics instruction to case studies and our unwill-
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ingness to challenge engineering’s militarism create some WEIRD (and just plain weird) cases. 
The outcomes-framing of accreditation ignores and silences the active pedagogies and learning 
processes that can produce ethical practice when instructors and learners work as partners. As 
Bauschpies et al. (2018) offer:

a determination that justice has not been served is easier to make than a determination that 
justice has been served. This approach would also avoid repeating the colonialist mistake. 
Rather than coming in as the ethics expert who knows all about justice and simply expects 
students to conform, the instructor engages students in listening for signals of injustice – a 
skill that, along with humility, should stand them in good stead when it comes to community 
engagement.

(p. 4)

For over 20 years, there have been calls to consider not just professional values, but also public val-
ues in engineering ethics and social, environmental, and energy justice (Chance et al., 2021; Riley, 
2023), with a need “for an extension of traditional ethical frameworks to incorporate treatment 
of questions of social responsibility, including the issue of sustainability” (Johnston et al., 2000, 
p. 315). In recent years, there have been attempts to build DEI (diversity, equity, and inclusion) 
considerations into engineering ethics (e.g. Chance et al., 2021; Hess & Fore, 2017; Rottmann & 
Reeve, 2020), founded in a ‘do no harm’ approach (Harris et al., 1997). The current focus is trying 
to shift to understanding ethics as ‘global responsibility’ – for example, Pawley (2019) noted the 
exclusion of the climate crisis and engineers’ responsibility to urgently respond – and projecting a 
“holistic sense of ethics, sustainability, and obligation” (Chance et al., 2022, p. 164).

Nevertheless, although we are seeing engineering ethics being integrated with other important 
topics in the literature such as global competency, leadership, policy, stewardship, and sustain-
ability, the “impact” or macro-framing of ethics and the social antecedents of technology remain 
underrepresented. It has been decades since Herkert (2000) pointed out the bias toward micro-
ethics problems and away from macro-problems, focusing on individual decision-making and 
excluding the collective decisions of organizations, institutions, and governments. Activist work 
(e.g. Science for the People, Engineering Social Justice and Peace, and many other local and 
national community groups) that addresses engineering in society or consumer rights is excluded. 
Optional extra-curricular service-learning is typically ignored for accreditation, which is geared 
toward measuring the outcome of every student in every course within the boundaries of accredited 
engineering programs.

Engineering lacks a self-reflective mechanism to see the system in which we work (Foucault, 
1990). We do not understand that accreditation regimes are ultimately about the regimes them-
selves, and how power and knowledge are enacted within. Accreditors remind us that engineering 
educators are free to go above the minimally low bar they set for ethics, never recognizing the 
rhetorical constraint and the shaping of the standard that occurs in those exchanges. If something 
is ‘above’ or ‘beyond,’ it is not in – it is extra (Chance et al., 2021). It is Other.

Closing: we are puppeteers

Assessment is the goal for accreditation, reducing engineering ethics to objective, measurable 
packages to teach and assess. This reductionism is influenced by a Western dominant culture, and 
rational approaches common in teaching engineering technical competencies. It results in an over-
simplification of ethics, a perpetuation of linear rather than critical thinking, minimal rote under-
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standing rather than critically reflective praxis, and a disregard of ethics’ integral links to diversity, 
equity, inclusion, and social, environmental, and energy justice. Our collective inability to recog-
nize the power dynamics of accreditation regimes results in us giving power over to accreditation, 
effectively abolishing much of what is valuable in engineering ethics education. Accreditation 
fosters feckless, inauthentic, and performative change, not transformation of our classrooms, our 
students, and ourselves. Our participation in this system makes us puppeteers of accreditation. 
We are caught in 6-year cycles (at best) of incremental improvements, buried in and busy with 
measures that themselves comprise the establishment. As such, we argue that accreditation does 
not support authentic, significant, and inclusive engineering ethics education and, ultimately, leads 
to a ‘de-diversification’ of engineering students.

We make four critical arguments in this chapter:

 1) Accreditation is Western/Global North-centered, and when non-Western countries (and/or 
countries in the Global South) join initiatives like the Washington Accord, they must adopt 
Western/Northern standards, and local sensitivities vanish (Western normativity).

 2) Technical epistemology outbalances and marginalizes other disciplinary perspectives (epis-
temic power relations).

 3) The emphasis on micro-ethics and outcome-based assessment in ethics teaching decouples 
engineering ethics education from moral action and broader concepts of equity and social 
justice (reductionism and assess-ability and drawing boundaries).

 4) The accreditation process produces “willful ignorance” (Tuana, 2006, p. 10) of its own 
undesirable effects (rhetorical justification, performative artifacts, and change strategy).

These four conditions work together to homogenize engineering ethics education, rooted in and 
puppeteered by patriarchal ideologies, values, and institutions.

Biesta (2007) offers a way out: to stop focusing on ‘what works’ or ‘what is required’ (e.g., for 
accreditation) and focus instead on what students ought to learn. When we bring in different ways 
of knowing, when we take critical perspectives, we can begin to consider why, and challenge or 
resist the power dynamics maintaining the status quo. We wonder: What would engineering eth-
ics education look like if truly accountable, if it was rooted in a diversity of experiences, realities, 
intersectionalities (e.g., race, class, ethnicity, sexual orientation, culture, and nationality), and 
ways of knowing (Beddoes & Borrego, 2011; Riley & Lambrinidou, 2015)? Accreditation might 
come from the various publics we serve, rather than a self-policing that reflects existing patriar-
chal hierarchies of knowledge. What would accreditation look like if it were locally situated, with 
accountability to the land and waters and their stewards? Moving away from outcomes-based 
assessments toward those that are relational, process-driven, reflective, participatory, and libera-
tory may be far more appropriate for engineering ethics education.

Relying on accreditation systems to ensure ethical engineers is self-limiting at best. It distracts 
us from the profound work we have yet to do in reckoning with what trauma engineers have 
wrought on this planet and in our communities, and exploring imaginaries knit from below the 
surface, from the silences, and from the interstices of our knowledges.
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Introduction

Engineering ethics is a critical component of engineering professional practice and must be 
included in professional engineering education (Harris Jr. et al., 1996). As engineers design new 
technologies that introduce new ethical dilemmas, regarding, for instance, autonomous vehicles 
(Martinho et al., 2021) and algorithms (Benjamin, 2019; Noble, 2018), postsecondary institutions 
must ensure that their engineering students are graduating with the knowledge and skills to meet 
emerging challenges. Accreditation documents and processes have been designed as guidelines 
for how engineering ethics should be taught and assessed to standardize these goals and metrics 
for different institutions across the nation (e.g., see the Canadian Engineering Accreditation Board 
(CEAB) in Canada and Commission des Titres d’Ingénieur (CTI) in Switzerland). However, ques-
tions emerge about how the broad definition of ethics put forward by accreditation bodies is under-
stood and enacted within the local contexts of specific institutions and classrooms, each with its 
own heterogeneous group of instructors and students.

In this chapter, we discuss the implications accreditation has on engineering ethics education 
at the local level. More specifically, the chapter debates the potential gap between how ethics is 
articulated in accreditation documents and processes and what ethics in engineering education 
means locally for institutions, instructors, and students (i.e., by ‘gap,’ we mean its impersonal-
ity). In essence, this chapter aims to problematize the potential impersonality of ethics hidden in 
the documents that are bureaucratically operationalized at the level of educational programs and 
typically do not consider the different histories, demographics, and needs of local engineering 
communities. Accreditation of engineering education programs includes varied definitions and 
requirements, often broad, ill-defined, and implicit. This is particularly true concerning engineer-
ing ethics, where words and phrases such as ‘profession,’ ‘society,’ ‘responsibility,’ and ‘integrity’ 
are often used in place of ‘ethics’ in learning and program outcomes (Junaid et al., 2022).

Impersonality in accreditation documents and processes is in tension with how inherently per-
sonal engineering ethics is in local contexts; it must respond to the needs and experiences of 
institutions, instructors, students, and industry partners hiring program graduates. Lack of synchro-
nization across different levels and stakeholders and the fact that these levels are not homogeneous 
can complicate the impact at the local level (Martin et al., 2021). Different political landscapes, 
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local industry demands, institution-community partnerships, and faculty and student body diver-
sity contribute to heterogeneity, making it difficult to argue that one shared understanding of engi-
neering ethics is desirable or possible. Levels, accreditation standards, and local implementation 
are complex and contextual. Therefore, it is necessary to more deeply theorize and investigate the 
potential gap between the accreditation of engineering ethics and what engineering ethics means 
at the local level.

Setting this as an opening for the chapter, we genuinely want to question: How do the broad, 
impersonal conceptions of engineering ethics contained in accreditation documents and processes 
impact how they can be translated, interpreted, or implemented in local and personal contexts? As 
such, in the first part of this chapter, we emphasize the importance of understanding the history and 
the character of accreditation in engineering education, as well as the messages and ideas of the 
peculiar language the accreditation documents suggest. We will do this by drawing connections 
to the previous chapters in the theme. We will also briefly address the accreditation process and 
interrogate how it may contribute to the gap between the broad, high-level accreditation standards 
and local contexts. Our work regards existing accreditation documents and processes as broad 
and impersonal. The second part of the chapter will address educational questions related to how 
this gap is related to institutional positionings, curriculum design across different engineering 
disciplines, teacher agency and relations to ethics in engineering education, and the student as the 
focal point in education. In addition, we will highlight the heterogeneity in each of these levels that 
influences the degree of disconnect between the local contexts and the accreditation of engineering 
ethics. We will also graphically illustrate the very complex and contextualized picture of engineer-
ing ethics education at the local level. Finally, we will offer suggestions at both the accreditation 
and local levels to bridge the gap between them. The value of this chapter is very much in its 
potential to offer a way in which different and diverse positionalities of ethics at the local level can 
be considered when examining accreditation and vice versa.

Regarding the positionality of the authors of this chapter, Helena is a social scientist with a 
Ph.D. in Teacher Education obtained as a Marie Curie Fellow at two different institutions and 
countries in Europe. Her Masters was in Lifelong Learning: Policy and Management, and her 
Bachelor’s in Community Youth Work and Non-formal Education. All educational degrees were 
obtained in different countries and followed different educational provisions, allowing Helena to 
tap into various systems and practices. Currently, she works on translational research that serves 
institutional changes and practice development. Her engagement with engineering ethics educa-
tion comes from working on many transversal skills and exploring the difficulties in teaching and 
learning. Further interest in accreditation and engineering ethics education came from her previous 
work on policy and curricular matters and her recent research on teaching transversal skills. The 
fact that she works in a French-speaking context makes her close and familiar with CTI. 

What would accreditation look like if it were locally situated, with accountability to the land 
and waters and their stewards? and this interdisciplinary educational background provides a solid 
grounding in the traditions of engineering education and critical approaches to education that chal-
lenge systemic inequities such as racism and sexism. An even more profound understanding of the 
different impacts that technologies can have on various groups arose from her postdoctoral work 
in an Information Science department. In her current role as an assistant professor of engineering 
education, she uses this critical lens to teach an undergraduate course focused on the impact of 
engineering on society and engineering ethics. She hopes that her students will be able not only to 
discuss and understand the broad ethical issues arising from the development of new technologies 
(which are often intertwined with systemic issues such as racism) but also apply these lessons to 
ask critical questions in every phase of the engineering design process – from forming a design 
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team to considering what happens at the end of a product’s life cycle. Part of Stephanie’s role is 
to ensure that the course content and assessments align with CEAB guidelines (CEAB is used in 
Canada and is similar to the Accreditation Board of Engineering and Technology (ABET), which 
is used in many English-speaking countries) and to collect data indicating how well students are 
meeting those guidelines. As an authorial team, we both draw from our social-sciences back-
grounds, which treated ethics as a nuanced, contextual, and complex topic. We both believe that 
this complex view of ethics is critical in a field such as engineering, as the new technologies and 
infrastructures that engineers design can considerably impact society – impacts that are not the 
same for different locations and groups of people.

The impersonality of accreditation

Accreditation is a process by which an external organization evaluates an institution’s or pro-
gram’s quality and standards. Accreditation aims to ensure that specific standards are met and that 
quality education and services are provided to its stakeholders (Adreani et al., 2020). As stated in 
previous chapters of this section, accreditation also involves documents and processes that convey 
a very vague, broad perspective of ethics. Hence, the essence of engineering ethics is detached 
from the local context in many ways. While the emphasis on standards and quality is often enu-
merated through accreditation, the essential aspects of ethics may be so broadly stated that they are 
decontextualized, creating an impersonal relation between accreditation and the local contexts of 
the institutions, instructors, and students. In this section, we discuss three dimensions of accredita-
tion – quality, values, and language – using a critical lens to look for how they impact perspectives 
on engineering ethics in ways that are enacted at a local level.

Quality

As a tool for ensuring quality, accreditation has become a crucial component in higher educa-
tion. National and international accreditation systems “ascertain the existence of qualitative 
requirements through an evaluation process” to ensure a given service complies with the quality 
standards and encourage ongoing improvement (Adreani et al., 2020, p. 691). In engineering edu-
cation, “accreditation programmes identify specific areas of knowledge and skills that need to be 
addressed in order for students to qualify as engineering graduates” (Junaid et al., 2022, p. 371). 
Thus, institutions use accreditation tags to argue that their programs are of a certain quality and 
that their graduates uphold specific knowledge, skills, and values.

In that way, accreditation creates a specific guarantee for the institutions that their students will 
be seen and considered worthy of the professional standards within a particular discipline and 
employable in a specific context. In addition, accreditation can be regional, national, or interna-
tional. Regional and national accreditation is important to ensure the running and funding of the 
programs; international accreditation facilitates recognition across borders and is an important 
aspect of graduates’ mobility.

In light of this, Cardoso et al. (2016) questioned whether quality assurance agencies can ensure 
quality, especially if quality is perceived as culture, compliance, and consistency. While those 
authors point to quality as negotiated and assured mainly within the institutional setting, the same 
is observed when the quality assurance process is externalized. Quality is often non-negotiated 
and fails to recognize the full range of essential factors and processes within an academic institu-
tion. Obstacles to ensuring quality, including lack of incentives and overvaluing research against 
other activities such as teaching, drive a restrictive agenda in quality assurance. Additionally, in 
discussing the role of accreditation, particularly in engineering, the relevance of quality assurance 
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is more than often related and defined according to programs’ perceived relevance to the labor 
market (Bendixen & Jacobsen, 2020) and often not sensitive to societal and environmental aspects 
that are particularly important to ethics in the engineering professions.

Furthermore, standardization of ethics in accreditation can be perceived as a double-edged 
sword. While standardization is important to achieve coherence in quality assurance across con-
texts, it disconnects accreditation from specific contexts. It perhaps undermines, misrepresents, or 
erases the local aspects of quality and locally important aspects of ethics. For instance, two large 
accreditation systems in engineering education are ABET and CTI, both used in various countries. 
As a result, the standards that CTI, a French accreditation body, places in France need to corre-
spond to standards in other countries such as Canada, Belgium, Switzerland, and China.

On the other hand, each accrediting body or agency has its own set of criteria for evaluating 
institutions, which can create confusion and inconsistency across engineering education programs 
(Wysocka et al., 2022). Different demands, often very vague, can lead to disparities in the qual-
ity of engineering ethics education in different institutions. However, over-standardizing or over-
generalizing an aspect such as ethics can ‘wash off’ the much-needed local aspects of ethics.

Values

The question of quality relates directly to the question of values. Although accreditation con-
stitutes an important way to ensure that engineering programs provide their students with the 
knowledge and skills necessary to enter the profession and protect the safety and welfare of the 
public, often what is considered a professional standard in engineering is set up and maintained 
by one dominant social group. This can lead to issues where engineering designs may be viewed 
as successful, even if they do not work for – or worse yet, actively cause harm to – people from 
communities underrepresented in engineering (e.g., through misidentification of people of color 
by facial recognition algorithms; Buolamwini & Gebru, 2018). Attention to diversity issues in 
engineering education has been growing, and the need to ensure that accreditation standards are 
inclusive and equitable comes along the same lines. Several organizations, including ABET and 
the National Society of Black Engineers (NSBE) in the United States, have developed initia-
tives and resources to promote diversity and inclusion in engineering education and accreditation 
(Zoltowski et al., 2020).

Andreani et al. (2020) noted that accreditation serves neo-institutional behaviors through which 
quality assurance mechanisms present a delegation of power, sourcing it from institutional manage-
ment to external accreditation body and that these processes support the New Public Management 
paradigm, focusing on “the benefits of trade in terms of efficiency and consumer freedom” (p. 
694). Power relations among institutions, industry, and professional bodies have been shown to 
play a role in the accreditation of engineering programs, with specific impacts on engineering eth-
ics education (Martin et al., 2021). Industry professionals often serve on accreditation boards, give 
feedback on accreditation documents, and participate in accreditation visits, influencing which 
ideas about engineering ethics are most important to new graduates working in their industries. 
Similarly, professional organizations may strive to ensure alignment between engineering ethics 
education and their own definitions and codes of ethics. While this alignment can promote greater 
attention to the local ethical needs of industry and professional organizations, there is the potential 
for bias in terms of what definitions of ethics are considered good (or good enough) and should be 
included or not included in accreditation.

In many cases, the values that guide accreditation documents and processes may be implicit 
or invisible to the institutions, instructors, and students. To that end, we wish to amplify the call 
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for more systematic and comprehensive policy documents (e.g., Davies et al., 2010), including 
accreditation documents, to clarify underlying values. Knowing exactly which values are being 
reified in these accreditation documents can help us to identify instances in which those values 
may be aligned or misaligned with those upheld by institutions, teachers, and students, therefore 
highlighting potential gaps to be bridged.

Language

A global analysis of accreditation documents conducted by Junaid and her colleagues (2021, 
2022) has shown that language in accreditation documents is very implicit and that a gap exists in 
strongly supporting ethics as part of an engineering degree. Furthermore, the study shows a large 
degree of misalignment on ethics in different accreditation documents worldwide and much space 
for individual interpretations. This brings us to question the perceived value of ethics in engineer-
ing education and practice, being both informed and partially constructed by accreditation bodies.

Language is crucial as it constructs a discourse, and it is through words that action (or inac-
tion) is created. For instance, language carries implicit and explicit values. As such, policy docu-
ments, including those related to accreditation, can create an imagery of what is essential in, what 
should be taught in, and what is not considered part of engineering ethics. Junaid and colleagues 
(2022) analyzed the language of different accreditation documents. They found that words used to 
describe expected learning outcomes around ethics were mainly lower-level verbs from Bloom’s 
taxonomy (e.g., ‘know,’ ‘define,’ ‘be aware of’). The absence of higher-level verbs such as ‘com-
pare’ or ‘justify’ can lead to a lack of critical thinking around engineering ethics in the curriculum. 
Furthermore, the lack of words such as ‘global’ or ‘justice’ gives a perception that these are not 
part of ethics education in engineering (Junaid et al., 2022).

Regarding the place of ethics, Junaid et al. (2022) analyzed the content of accreditation docu-
ments worldwide. They found that definitions vary to a great extent, and this leaves room for 
interpretation of what engineering ethics is. Very few terms were comparable across contexts, even 
though engineers are highly mobile professionals. For instance, in South Africa, the definitions are 
focused more on technical than educational terms (Gwynne-Evans et al., 2021). Observing ethics 
as a technical aspect of engineering assumes that ethics is a technical checkpoint, not a multi-
perspective issue that must be carefully discussed. Additionally, some accreditation documents 
are used internationally, such as ABET (adopted in 41 countries) or CTI, using identical processes 
for all contexts. Having this in mind, “accreditation bodies could bring into focus the terms they 
use and what they mean as part of their ethical due diligence in the construction of engineering 
programmes across a range of countries where the context of the intended meaning of the learning 
outcomes as state might otherwise be missed” (Junaid et al., 2022, p. 375).

Local context(s), cultures, and positionalities

Interrogating engineering ethics education locally requires considering how ‘the local’ is defined. 
In educational research, the local can be a geographic descriptor. However, beyond this and par-
ticularly in the realm of higher education, local can be considered as an institution or department, 
as a discipline or a subject, as a singular program or a course, as a teaching practice, and quite 
certainly as a student learning experience in classes and afterward, as graduate engineers. Further, 
considering the complexity of ‘the local’ also highlights that these layers are not self-standing. 
Hence they are tied by power practices and are heavily relational. These layers of the local are 
also rarely homogeneous, meaning the interactions and impacts are different in different institu-
tions, classrooms, and communities and, therefore, must be addressed through a comprehensive 
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lens that includes socio-economic-political dimensions of educational practice. Beyond this, in 
their careers as ethical practitioners, engineering graduates are tasked with ‘wicked’ complex 
problems that concern diverse societies and the environment, some of which are critical to the 
people and communities around them (one sense of local), and others that have global considera-
tions, potentially bringing another dimension into the discussion of ‘the local.’ Understanding the 
nuances of ethics at this local level is critical for their participation in society as people, not just 
as engineers.

In the following sections, we break down how high-level accreditation documents and pro-
cesses are translated (or not) within three local levels: the institution and program level, the class-
room and instructor level, and the student level. We use the word ‘translation’ (as opposed to 
implementation) as it encompasses the idea of a higher-level concept or framework undergoing 
some change in order to suit the local context to which it is being applied (Völker et al., 2023). We 
highlight how these local contexts matter in our interpretation of engineering ethics due to how 
the levels interact through power structures (e.g., instructors following a curriculum set by their 
institutions), as well as the heterogeneity that is inherent within a single institution or classroom 
as well as collectively across a nation. We wish to be clear that many of the challenges we discuss 
here are not caused solely by a mistranslation of accreditation documents or processes and may 
have other contributing factors, including institutional context and instructor and student values. 
However, by pointing out potential mismatches between accreditation definitions of engineering 
ethics and those at these local levels, we hope to call attention to more nuanced ways of approach-
ing engineering ethics education that may require more specificity than currently afforded by cur-
rent accreditation documents and processes.

Institutional and program level

Unlike pre-tertiary education, higher education is known to be relatively autonomous in prepar-
ing its programs and course offerings. While institutions must manage the needs and desires of 
various stakeholders – such as national or provincial/state professional organizations, industry 
members, faculty, and students – accreditation is a critical hurdle that institutions and programs 
desire to ‘pass,’ as it strengthens claims regarding the quality of degrees to their students (future 
and current) and to the employers who will hire those students. With the emergence of engineering 
ethics as an explicit criterion in many accreditation documents over the past few decades, institu-
tions have made some progress in incorporating ethics into their programs. However, it is rare to 
have a systemic institutional push towards comprehensively incorporating ethics into engineering 
academic programs. Instead, institutions often meet accreditation standards by creating one or two 
standalone courses related to engineering ethics (Hamad et al., 2013). This raises some issues in 
how engineering ethics is integrated and perceived locally.

When all discussion of ethics is relegated to a standalone course rather than being carefully 
incorporated into technical courses, students may need help to connect the broad rules and lessons 
of engineering ethics with their day-to-day technical design work. Ethics is, therefore, decontextu-
alized and invisible in their local work contexts; it is discussed in terms of historical case studies or 
professional codes of conduct, and ethics only emerges as relevant in its breakdown (i.e., an engi-
neering disaster with ethical implications). These issues are compounded when students or even 
faculty do not consider these standalone courses as ‘core’ engineering courses (Martin & Polmear, 
2023). Their positioning in the program (e.g., as an option that can be taken in any year) and the 
possibility that this is one of the few courses that students will encounter being taught by a ‘non-
engineer’ can devalue these courses in students’ minds. How can ethics be core to their daily prac-
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tice when it is not core to their educational program? Suppose accreditation standards insisted on 
the systematic incorporation of ethics across multiple courses. In that case, it may become more 
accessible to locate ethics in the daily practices and discussions of engineering work and apply 
the broad ideas in meaningful ways in engineers’ communities. Asking, in various courses, What 
are the ethical issues here? allows students to understand ethics more deeply and in ways that can 
be applied not just to their professional contexts, but also to situations and experiences outside of 
engineering. Integrating engineering ethics across the curriculum would also go a long way toward 
perpetuating consistency and a culture of engineering ethics in the institution rather than simply 
focusing on compliance as an indicator of the program’s quality.

A systemic incorporation of ethics across a program would require a robust and convincing 
narrative of engineering ethics – something not present in current accreditation standards. The 
language currently used in accreditation documents is broad, unspecified, and open to interpreta-
tion, which weakens its ability to convey a cohesive narrative of engineering ethics (Junaid et al., 
2022). Creating a robust and program-level narrative of engineering ethics responsive to the local 
context may be challenging. For example, Who defines ethics at the institutional level, and what 
values do they hold? Careful consideration is necessary regarding what ethical commitments are 
important for a particular institution. Local geographies, histories, and politics impact these differ-
ent ethical commitments. For example, an institution may view ethical partnership and reconcili-
ation with Indigenous communities as a key commitment to its research, teaching, and service. 
In this case, a local narrative of engineering ethics may prioritize ethical ways of partnering with 
Indigenous communities harmed by past engineering projects, such as hydroelectric dams (Martin 
& Hoffman, 2008). Students can then use these understandings of ethics in other professional and 
personal connections with Indigenous communities. However, challenges may arise if those local 
definitions of engineering ethics and their implicit and explicit values do not match the accredita-
tion expectations.

In some cases, the definition of engineering ethics in accreditation documents may focus on 
personal accountability or ethical principles that do not recognize ethical partnerships and rec-
onciliation with Indigenous communities as meaningful indicators of engineering ethics. On the 
other hand, if institutions have the power to define their own indicators, they can fine-tune their 
indicators to respond to the ethical histories and situations that are relevant in their local contexts. 
The responsibility for ensuring that engineering ethics at the program level responds to local con-
texts falls to the institution to define and revise its own indicators over time.

A final aspect of program-level narratives of engineering ethics that may be disconnected from 
local contexts and needs emerges when we consider the different ways that engineering ethics is 
conceptualized in different engineering disciplines. The heterogeneity in engineering programs 
and practices contributes to this complexity. In civil engineering, for example, ethics may be dis-
cussed in the context of the safety of roads, bridges, and buildings, showing popular case studies 
(e.g., the Tacoma Narrows Bridge collapse in 1940) that highlight how faulty design can lead to 
the loss of human life. Biomedical engineering may put a slightly different spin on ethics, drawing 
from codes of ethics of medical fields to highlight the importance of understanding the impacts 
of new biomedical devices on patients, including how to design ethical research and testing pro-
tocols. Students in software engineering may struggle to connect these types of case studies and 
principles to their work – after all, they are not building large physical structures and may not be 
writing software that will be used in the medical field. These students require yet another approach 
to ethics that highlights the dangers of black-boxed algorithms that perpetuate systemic inequi-
ties in often invisible ways (Benjamin, 2019; Buolamwini, 2022; Noble, 2018). While only three 
different engineering disciplines have been mentioned here, it is already easy to see how broad 
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accreditation standards and indicators have very different local interpretations within the different 
engineering disciplines.

Once again, the broad sketch of engineering ethics in accreditation may be helpful because 
it allows for multiple interpretations of ethics, including all of the different ethical considera-
tions that are more or less important in various engineering disciplines. At the same time, without 
explicit guidance regarding what ethics can look like in different engineering disciplines, engi-
neering ethics education may be limited to the more visible and historical scenarios (e.g., ensuring 
your bridge does not fall and injure or kill anyone), while complex ethical issues that are increas-
ingly important in today’s digital world (e.g., algorithmic biases) may not be explicitly identified 
as essential or necessary for engineering students to learn.

To summarize this section, we see that the broad standards and descriptions of engineering 
equity in accreditation documents are often several levels removed from what engineering ethics 
means locally for institutions and engineering programs. While this may seem like a good thing 
in that it can allow for multiple interpretations of engineering ethics that can meet local needs, we 
must keep in mind that this is extra work that the institution and program must do, which may not 
be explicitly recognized, valued, or accepted during the accreditation process. It may be easier and 
cheaper for institutions to continue to design standalone ethics courses that technically meet the 
standards for accreditation without actually preparing students for the specific ethical challenges 
in their engineering disciplines and broader communities.

Course and instructor level

The local level of individual courses and instructors is also crucial to consider. Related to the 
ideas discussed at the institutional and program levels, the perceived value of engineering ethics 
comes from the messages and directives instructors receive from more senior faculty members and 
administrators. If internal stakeholders perceive that ethics is only being taught in order to meet 
accreditation standards rather than because it is a critical topic for their students to know and apply 
in their future work, they may simply ‘teach to accreditation’ (similar to ‘teaching to the test’) 
and include the bare minimum of ethics education to meet accreditation standards satisfactorily 
(Martin et al., 2021). If ethics coverage is met through a single standalone ethics course, other 
instructors may believe they do not need to cover ethics in their technical and design courses. This 
can create the impression that ethics is not critical to engineers’ daily technical and design work. It 
also results in a missed opportunity for instructors to touch upon the ethical issues that arise within 
their local technical and design contexts, such as the ethics of user testing a new iPhone app, the 
ethics of sourcing raw materials, or the ethics involved in working with clients in an engineering 
capstone course. These examples may also be relevant to students’ lives outside of their engi-
neering work, such as purchasing new technologies or engaging in professional relationships. In 
essence, we can find local instances of engineering ethics in most, if not all, engineering courses, 
but the accreditation process can stifle the desire to think critically about these local definitions of 
ethics and teach them to students.

In considering how engineering ethics is personalized in courses, we must also consider each indi-
vidual instructor’s relationships and experiences with engineering ethics. Instructors may need help 
determining what definitions and examples of engineering ethics are appropriate for their students 
due to the broadness of the topic in both the literature and the accreditation documents. Other instruc-
tors may be grounded in the tradition/assumption of engineering as apolitical and objective (Cech, 
2013). While those instructors may be comfortable teaching traditional engineering ethics case stud-
ies such as the Challenger disaster or the Tacoma Narrows Bridge, they may be less likely to include 
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issues that appear to align more with social justice discourses, such as systemic racism in algorithms 
(Benjamin, 2019; Noble, 2018) or recent movements to modernize and address harm in engineering 
graduation rituals (Retool the Ritual, 2023). This is perhaps not surprising, given that the definitions 
of engineering ethics in accreditation documents, as explored by Junaid et al. (2022), did not refer-
ence terms such as “global,” “value,” and “justice.” To attend to local definitions of justice, we must 
explicitly call out engineering values (including historical values of objectivism) and consider how 
larger systemic injustices can and should be addressed within and beyond engineering practice.

On top of the content of engineering ethics, the accreditation documents need to address issues of 
pedagogy. Junaid et al. (2022) note that many accreditation documents use lower-level verbs from 
Bloom’s taxonomy (e.g., know, define, be aware of) to describe students’ understandings of ethics 
than technical items required (e.g., analyze, synthesize, evaluate, design, or create). Precisely how 
are engineering students expected to come to know engineering ethics, and what contexts (local 
and global) are they expected to be aware of? Is there an expectation that instructors should find 
ways to connect the classroom with the local community, and if so, how should they be supported 
in doing so? These questions are not answered in the accreditation documents. Instructors who 
try to move beyond memorized definitions and historical case studies may struggle due to a lack 
of training and support in pedagogical approaches, including small group discussions, debates, or 
other activities with high student-to-student interaction (Martin et al., 2021). As students begin to 
engage deeply in discussions of ethics, locating engineering ethics within their personal histories 
and professional experiences, conflict may arise as different viewpoints clash – something that is 
especially likely if the course is diving into ideas of engineering ethics that may be viewed as more 
controversial and political. Instructors must not only deal with the content of ethics within their 
classroom but also with the idea of ethics as it relates to their pedagogical choices: How can they 
support all students and minimize harm while still ensuring that students are prepared to address 
these real-world applications of engineering ethics they will face in their future lives? Once again, 
the broad and impersonal definitions of ethics in accreditation documents may cause instructors to 
shy away from such challenging topics, classroom dynamics, or pedagogical approaches. Even if 
instructors find ways to create a classroom environment that allows for multiple personal defini-
tions and understandings of engineering ethics to come together, they must still figure out how to 
assess students’ understandings of engineering ethics, which has its challenges.

Finally, the accreditation process is chore-like and can place a heavy load on already burdened 
instructors. In some cases, instructors must carefully document low, average, and high-quality 
student work for every assignment and exam while carefully articulating which accreditation 
standards are being addressed by each question or section of a rubric. This work is done in addi-
tion to the regular lecturing, planning, prepping, and grading in each of their courses. In the end, 
these piles of documentation are sent to other faculty and staff members on a committee to be 
compiled and presented to those carrying out the accreditation evaluation. While these instructors 
may eventually hear, months later, that their program has passed accreditation, they are unlikely to 
receive meaningful and actionable feedback that they can implement in their courses. Therefore, 
accreditation risks becoming a bureaucratic procedure without local, actionable impact, leading to 
feelings of disempowerment and disengagement from instructors.

Student level

We can also understand the local level of engineering ethics as the experience of students – who 
are both learners and graduates headed out into the workforce. While accreditation standards and 
processes may guide the courses they are expected to take throughout their degree, students may 
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be unaware of this, as they are often not directly part of the accreditation process other than to 
provide permission for instructors to use their coursework as examples of student learning out-
comes. Therefore, their notion of engineering ethics is built through their classroom experiences. 
As we have already mentioned, a standalone ethics course (among many more technical courses) 
may send students the message that ethics is not at the core of their program and duties as future 
engineers (Martin & Polmear, 2023). This message is reinforced by the perception that an ethics 
course that relies predominantly upon content and pedagogies from the social sciences (such as 
group discussions or written work) should automatically be more accessible than their technical 
courses. Therefore it is viewed as less critical and often pushed to the bottom of students’ lengthy 
to-do lists as they complete their semester’s work.

Students may also need help locating themselves within traditional ethics case studies. At times, 
these traditional cases may be viewed as irrelevant when they deal with outdated technologies or 
ethical codes that are not part of the students’ everyday lives and will not be part of their future pro-
fessional practice. In addition, when complex techno-socio-political situations, such as that of the 
Challenger disaster, are reduced to a 1–2-page case description, it is easy for students to read the 
facts and say, ‘Of course, I would never do that!’ Students argue that they would do proper testing 
and speak up against management, even though they are missing critical context that is not easily 
summed up in the case. Sociologist Diane Vaughan has pointed out that the Challenger disaster 
was not the result of individual bad decisions but rather of years of practices and norms at NASA 
that created a corporate culture that normalized deviance and missed routine signals of impending 
disaster (Vaughan, 1996). She argues that the NASA managers conformed to requirements and 
did not break any rules during the launch. In this way, we can see how students’ understanding 
of engineering ethics at the local level can be limited to individual decisions versus the cultures 
and norms that heavily influence those decisions in ways that are either invisible or considered 
unimportant until disaster strikes. Students do not realize that, in their local contexts, they can 
unintentionally reify those cultures and norms. Further, students’ hyperfocus on individual actions 
may cause them to ignore or be unable to address the role that engineers play in complex systemic 
issues, including climate change, racism, and other biases in technology design and reconciliation 
efforts with Indigenous communities.

Finally, we must consider the impact of heterogeneity in the student population on the trans-
lation of engineering ethics at the local level. Students in engineering programs have different 
histories, backgrounds, and identities, and all of these factors can influence what engineering eth-
ics means to them (Castagno et al., 2022). For example, a racialized woman in engineering may 
argue that professional codes of ethics do not adequately respond to equity, diversity, and inclu-
sion goals in the profession. A student from a country that has been dealing with war and violence 
may question the idea of engineers holding paramount the safety, health, and welfare of the public 
(Engineers Geoscientists Manitoba, 2018, p. 1): Which public is being protected through the use 
of drones and automated weaponry? Some may argue that a professional code of ethics can be 
interpreted in ways that address emerging ethical dilemmas in engineering and can respond to 
personal codes of ethics; others may turn that argument on itself, arguing that allowing for room 
for interpretation means that decisions can be made that do not fully address the ethical issue or 
that lead to contradictions (e.g., be faithful to your employer but also hold the safety of the public 
paramount – But what if your employer is doing something harmful?).

In short, students will respond to the broad ideas of engineering ethics that are handed down to 
them through the curriculum. However, they will also internalize and personalize (or fail to do so) 
these ideas in accordance with their own histories and identities.
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Summary

This section has highlighted how engineering ethics is grounded in local contexts, cultures, and 
positionalities. Accreditation documents and processes have implications for how engineering 
ethics is taught and understood by institutions, instructors, and students. Without institutional or 
instructor drive to connect engineering ethics as articulated in engineering accreditation docu-
ments and processes to local contexts, students can be left with fragmented, vague, and surface-
level understandings of engineering ethics that will not address the ethical challenges they will 
face in their future professional work and as members of society. We have created a visual (see 
Figure 36.1) that graphically illustrates engineering ethics at these various local levels that can act 
as a tool for stimulating discussion and reflection.

Although we have mainly discussed the impersonality of engineering ethics accreditation docu-
ments and processes as a challenge that should be overcome, it is also possible to understand 
this impersonality as something that allows space for flexibility and adaptation. As mentioned in 
our discussion of institutions and programs, vagueness requires institutions to define their own 
indicators for engineering ethics, which can, in turn, respond to local contexts and priorities. 
Additionally, instructors may feel a greater sense of freedom in choosing the content and class-
room activities that resonate most strongly with them, their students, and their communities if they 
are not burdened by a detailed list of ethical concepts and considerations in the accreditation docu-
ments. Our concern arises from the fact that although some institutions, programs, and instructors 
may thrive in this ill-defined space, others may require more guidance, which they cannot get from 
the accreditation documents and processes. There may also be those who continually fall back 
upon traditional, depersonalized notions of engineering ethics (due to a lack of experience, lack of 
desire or resources to change, or general resistance to the idea of engineering as politicized) who 
would need more of an external push to contextualize engineering ethics in their local contexts. 
As accreditation documents and processes are used to both shape and assess engineering programs 
worldwide, they are well-placed to instigate change in this way.

Conclusion

Our goal for this chapter was to problematize the idea of engineering ethics education at the local 
level as it relates to engineering accreditation documents and processes. We have discussed how 
vague language, assumptions of standardized values, and the assumption of quality in accreditation 
can lead to disconnects between how engineering ethics is defined and assessed in accreditation 
and how engineering ethics lives within institutions, classrooms, students, and their communities. 
We would encourage everyone involved in engineering ethics education – accreditation bodies, 
assessors, institution leadership, instructors, and students – to engage in deeper reflection on what 
engineering ethics means in diverse and heterogeneous local contexts.

We encourage institutions, programs, educators, and students to ground engineering ethics 
within their local contexts. This may mean connecting to institutional and community values, 
reaching out to industry and non-governmental partners, including ethics in more technical engi-
neering courses, and incorporating classroom discussion that encourages students to share their 
definitions of engineering ethics and its importance to them. At the accreditation level, we call 
upon accreditation boards to explicitly acknowledge and value the heterogeneity in local engineer-
ing ethics within the accreditation documents and processes. We hope that by calling attention to 
what engineering ethics looks like at the local level, we can create curricula and classroom envi-
ronments that prepare engineering students for the complex ethical challenges they will encounter 
in their workplaces and communities.
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Figure 36.1  Graphical representation of potential mismatches between accreditation documents/processes 
for engineering ethics and implications at the institutional, instructor, and student levels.
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552, 553, 557, 569–591, 595–612, 615–628, 
632–644, 650–661

Accreditation Agency for Study Programs in 
Engineering, Informatics, Natural Sciences and 
Mathematics (ASIIN) 467

Accreditation Board for Engineering and 
Technology (ABET) 97, 99–101, 103, 104, 
215, 289, 293, 378, 396, 514, 569, 578, 579, 
583, 586, 589, 608, 617–624, 637, 638, 640, 
652–654

accreditation body/organization 396, 466–467, 
481, 583, 587, 653; see also Accreditation 
Board for Engineering and Technology; 
Accreditation Agency for Study Programs in 
Engineering, Informatics, Natural Sciences 
and Mathematics; Canadian Engineering 
Accreditation Board; Chinese Engineering 
Education Accreditation Association; 
Engineers’ Council for Professional 
Development; Engineering Council of South 
Africa; Engineering Council; Engineers 

Canada; Engineers Ireland; Institution of 
Chemical Engineers; International Engineering 
Alliance; Japan Accreditation Board of 
Engineering Education; South African Council 
for the Project and Construction Management 
Professions

across the curriculum see curriculum (across the)
action research 114, 151, 175, 410
active learning 293, 300, 346, 349, 351, 356, 395, 

429, 430, 436, 533, 542
adverse effects 119, 137, 307
aerospace and mechanical engineering 245, 269, 272
aerospace engineering 2, 246, 248, 249, 269–280, 

296; see also aerospace and mechanical 
engineering

affective 67, 77, 79, 180, 183, 185, 201, 202, 209, 
221, 380–381, 384, 400, 461, 465–482, 499, 
622; see also affective domain

affective domain 461, 465–468, 470, 474–476, 479, 
481, 482, 585, 622; see also affective

Africa/African 4, 11, 37, 84, 144, 159, 173, 181, 
256, 271, 275, 353, 420, 537–538, 544–547, 
549, 552, 570, 583, 596, 599, 601–603, 654

agency 20, 21, 63, 65–66, 68, 69, 72, 105, 128, 
130–131, 158, 168, 170, 171, 175, 183, 202, 
203, 208, 209, 210n1, 218, 223, 257, 271, 277, 
316, 317, 322, 324, 326, 328, 340, 349, 366, 
367, 369, 374, 383, 384, 386, 402, 445, 446, 
459–462, 467, 469, 478, 479, 509, 512, 517, 
634, 638, 651

algorithmic fairness 129, 199, 201, 206, 238, 321, 
330–332, 428; see also bias (algorithmic)

American Concrete Institute (ACI) 251
American Institute of Chemical Engineering 

(AIChE) 312, 578
American Institute of Electrical Engineers (AIEE) 

93, 100
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American Medical Association (AMA) 576
American Society of Civil Engineers (ASCE) 

91–93, 96, 97, 101–102, 251, 253, 348, 569, 
572, 620–623

American Society of Mechanical Engineers 
(ASME) 93, 97, 101, 557

anchoring bias 187
Anthropocene 109–113, 119, 166, 167, 201–203, 

404
anthropology 3, 110, 245, 352, 386, 501, 563
artificial intelligence (AI) 4, 9, 13, 19, 23, 24, 29, 

125–137, 159, 167, 172, 199, 221, 232, 241, 
243n9, 247, 312, 322, 378, 452, 462

arts-based methods 426–437
Asia/Asian 4, 77, 125, 144, 154, 155, 160, 304, 323, 

353, 560, 562, 570, 571, 575, 578, 588, 596, 
599, 604, 605, 608, 616

assess-ability 633, 639–640, 644
assessment see assess-ability; assessment 

(attitudes/behavior/affective dispositions); 
assessment bias; assessment (competencies); 
assessment (fairness/goodness/judgement); 
assessment instrument(s); assessment 
(learning/development); assessment 
(programs/curricula); assessment (risk/social 
and environmental impacts); assessment 
(technology), curricula, life cycle assessments; 
rubric(s); self-assessment

assessment (attitudes/behavior/affective 
dispositions) 461, 465–482, 487–503, 
556–564; see also assessment of learning/
development; assessment instrument(s)

assessment bias 112, 129, 548, 559, 560
assessment (competencies) 461, 465–482; see 

also assessment (learning/development); 
assessment instrument(s)

assessment (fairness/goodness/judgement) 4, 79, 
133, 188, 224, 225, 347, 460, 461, 507–520, 
541; see also assessment (competencies); 
assessment instrument(s)

assessment instrument(s) 80, 184, 369, 414, 417, 
419–421, 471–476, 481, 493–496, 498–499, 
502–503, 516, 562

assessment (learning/development) 1, 3, 6, 27, 137, 
249, 335, 340, 345, 346, 349, 350, 355, 356, 
369, 373, 399–401, 403, 414, 417–421, 426, 
428, 430–432, 443, 450, 453–456, 459–463, 
492–495, 507–519, 526, 531–533, 536–553; 
see also assessment (attitudes, behavior, 
and/or affective dispositions); assessment 
(competencies); assessment instrument(s)

assessment (programs/curricula) 279, 293, 459, 461, 
462, 523–534, 536–553

assessment (risk/social and environmental impacts) 
14, 23, 71, 98, 102, 112, 115, 119, 121, 130, 
131, 134, 136, 216, 217, 224, 239, 256, 257, 

259, 261, 264, 275, 296, 305, 314–318, 
326–327, 329, 347, 388–389, 497, 571; see 
also accidents; disasters; life cycle analysis; 
environment(al); pollution

assessment (technology) 52, 120, 134, 216, 217, 
224, 327, 329, 381–383, 386, 389, 431

Association for Computer Machinery (ACM) 287, 
289, 322, 466

attained curriculum see curriculum (attained)
attitudes 14, 44, 45, 54, 60, 64, 113, 121, 134, 

153, 166, 175, 189, 193, 236, 263, 328, 342, 
401, 436, 441–442, 448–449, 459–461, 465, 
474–475, 487–503, 537, 541, 552–553, 
556–557, 585, 609

attributes 100, 117, 129, 199, 216, 297, 348, 436, 
489, 494, 496, 497, 525, 526, 530, 531, 538, 
545, 550, 551, 578, 582, 583, 589–590, 605, 
618, 639

authenticity/inauthenticity 191, 340, 386, 399, 401, 
403, 412–415, 417, 418, 430, 433, 502, 515, 
517–519, 528, 532, 572, 608, 633, 637, 638, 
640, 642, 644

authority 82, 98, 155, 157, 182, 207, 237, 307, 313, 
315, 471, 473, 511, 513, 553, 561, 586, 587, 
608, 617, 633, 634, 637–639, 641

automation 131, 135, 201, 224, 270, 273–275, 280, 
331

autonomy 35, 46–48, 63, 65, 69, 155, 157, 159, 180, 
223, 326, 333, 397, 405n1, 414, 496, 500, 538, 
546, 587, 609

behavior (ethical) 5, 28, 30, 32–34, 41n1, 52, 54, 
62, 66–68, 71, 77, 78, 81, 83, 91, 92, 95, 97, 113, 
119, 120, 126, 147, 158, 175, 180, 181, 184–187, 
191–193, 198–200, 217, 220, 221, 223–225, 231, 
234, 235, 241, 256, 261, 266, 271, 275, 278, 307, 
308, 312, 314–316, 326, 327, 330, 332–334, 340, 
350, 354–356, 367, 374, 389, 394, 400, 403, 410, 
417, 450, 453, 459–462, 465–467, 470, 473–476, 
481, 488, 489, 492, 498, 502, 523, 556–564n3, 
564n4, 564n6, 573, 598, 617, 621, 633, 639, 640; 
see also assessment (attitudes/behavior/affective 
dispositions); codes (professional/of conduct)

beneficence 69, 114, 222, 223, 326
bias (algorithmic) 135, 321, 330–332, 657; see also 

anchoring bias; confirmation bias; implicit 
bias; moral intuition(s)

bias (cognitive) see cognitive bias
biomimicry 116
Bloom’s taxonomy 33, 38, 441, 461, 466, 474–477, 

479, 481, 482, 600, 604, 606, 622, 654, 658
boundary work 383, 387–388, 641–642
Brazil/Brazilian 152, 175, 222, 271, 276, 278, 279
Buddhism 4, 154, 155
Buen Vivir 4, 37, 38, 117, 144, 147, 155, 156, 158, 

159, 173, 271
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building(s) and construction 95–96, 110, 112, 
118–119, 217, 251–266, 276, 279, 286, 465, 
538, 545–546, 549–551, 622, 623, 656

bureaucracy 83, 84, 129, 572, 585, 650, 658

Canadian Engineering Accreditation Board (CEAB) 
97, 99, 100, 581–582, 590, 650, 652

capitalism/capitalist 4, 109, 116, 118, 151, 158, 161, 
172, 174, 199, 271–274, 276–277, 280n3, 637; 
see also postcapitalism

capstone 222, 289, 351, 352, 417, 549, 551, 657
care see ethics of care
case-based instruction 364, 365, 369, 371, 372, 379, 

499
case studies 363–366, 368, 370
Catholicism 156
CEAB see Canadian Engineering Accreditation 

Board
CEEAA see Chinese Engineering Education 

Accreditation Association
certainty/uncertainty 78, 112, 120, 187, 218, 234, 

237, 307, 310–313, 315, 342, 371, 461, 513, 
514, 517–519, 584, 590, 598, 632

challenge-based learning (CBL) 35, 38, 363, 
368–372, 374, 436, 519

change (behavioral/cultural) 52, 71–72, 98, 100, 
103–104, 113, 115, 116, 118, 120, 122, 134, 
144, 156, 161n1, 162n4, 165–167, 170, 175, 
176, 180, 181, 183, 187, 191, 193, 207, 213, 
219, 239, 241, 263, 271, 277, 278, 280n2, 
286, 295, 297, 312, 352, 380, 381, 386, 394, 
401, 403, 404, 411, 417, 426, 433, 447, 450, 
453, 455, 462, 465, 467, 474, 481, 482, 489, 
496, 499, 503, 514, 531, 543–546, 560, 572, 
580–582, 596, 597, 599, 604, 606, 610, 619, 
622, 624, 628, 633, 636, 637, 641, 642, 644, 
651, 655, 659, 660; see also climate change

character 2, 20, 23, 31–32, 34, 48, 49, 55, 97, 105, 
156, 160, 174, 183, 210, 210n1, 230, 305, 354, 
367, 368, 370, 373, 383, 384, 386, 397, 410, 
412, 427, 445, 446, 450, 459–461, 466, 467, 
487–498, 500–503, 545, 558, 578, 604, 609, 
621, 651

chartered engineer 542, 580, 610, 624; see also 
licensed engineer; Professional Engineer (PE)

ChatGPT 8, 23, 126, 131, 136, 298, 331
chemical engineering (ChE) 2, 220, 245, 247–249, 

286, 304–318, 349, 578, 619
ChE see chemical engineering
chemistry 64, 172, 304–313, 315, 316, 352, 386
China 4, 29, 84, 173, 251, 353, 556, 562–563, 570, 

571, 575, 576, 583, 585–587, 653
Chinese Association for Science and Technology 

(CAST) 587
Chinese Engineering Education Accreditation 

Association (CEEAA) 587, 591

Chinese Institute of Engineers (CIE) 585
Christianity 118, 280n3
circular economy 115, 205–206, 254, 260, 291, 292, 

294, 389
civic 64, 334, 341, 411, 412, 415, 427, 433, 436, 

489, 501, 545, 599, 607, 612
civil engineering 2, 91, 102, 108, 143, 176, 184, 

204, 245, 246, 248, 249, 251–254, 256–259, 
261–264, 266, 289, 372, 382, 510, 549, 563, 
571, 572, 587, 615, 618–623, 656; see also 
Civil Engineering Body of Knowledge; civil 
engineering program criteria

Civil Engineering Body of Knowledge (CEBOK) 
622, 623

civil engineering program criteria (CEPC) 
621–623

climate change 14, 60, 63, 71, 109, 110, 112, 131, 
167, 170, 198, 204, 207, 312, 470, 643, 659

climate crisis see climate change; ecological crisis
co-curricular activities 54, 340, 345, 348–351, 

355–356, 364
codes (professional/of conduct/of ethics) 2, 4, 13, 

19, 22, 23, 30, 31, 33, 36, 38, 40, 44, 45, 55, 
62, 63, 68–70, 91–103, 105, 108, 157, 183, 
190, 192, 198–200, 215, 218, 235, 236, 240, 
248, 250, 253, 254, 256, 257, 259, 275, 285, 
287–290, 295, 297–300, 305, 312, 314–316, 
327, 333, 334, 340, 345–348, 356, 364, 365, 
378, 384, 394, 396, 411, 413, 429, 443, 446, 
466, 467, 469, 473, 482, 498, 511, 516, 529, 
533, 537, 541, 550, 557, 559, 560, 581, 
584–586, 588–590, 598, 600, 601, 603, 604, 
606, 607, 611, 622, 624, 632, 633, 636, 639, 
641, 642, 653, 655, 656, 659

cognitive bias 129, 135, 175, 186, 187, 189
cognitive domain 466, 474–477, 481, 585
collaborative learning 387, 448
collective(s) 2, 19, 21, 22, 41, 60–72, 111, 203, 

233, 240, 245, 247–249, 304, 306, 308–314, 
316–317, 349, 403, 539, 619

colonization/de-colonization 3, 7–8, 11–14, 117, 
144–147, 149, 151–152, 161n2, 165–167, 
169, 171–176, 246, 249, 252, 255, 264–265, 
269, 271, 272, 280, 280n1, 280n3, 351, 
409, 411, 413, 420, 570, 576, 577, 583, 633, 
635–637, 641, 643; see also critical approach 
to emotion; critical engineering; feminist 
critical (standpoint) analysis; global north 
normativity; normative holism; WEIRD; 
Western normativity

commons 166, 174
community 37, 55, 63, 70, 92, 96, 103, 112–113, 

122, 151, 152, 159–161, 173–176, 180, 190, 
192, 222, 254, 255, 258, 261, 263, 265, 
270–271, 274, 275, 277–280, 289, 292, 311, 
316, 341, 343, 350, 351, 383, 389, 401–403, 



 Index

668

410–426, 431, 433, 437, 441, 451, 462, 470, 
513, 514, 537–541, 544–547, 553, 596, 
633, 643, 658, 660; see also community 
(engagement); community of engineers; 
community (research/practice)

community (engagement) 30, 120, 151, 190, 222, 
277, 298, 343, 351, 401, 410, 421, 422, 462, 
545, 547, 643, 651

community of engineers 63, 110, 114, 120, 216, 
280, 314, 542, 584, 606, 640, 641

community (research/practice) 4, 9–11, 16, 17, 24, 
40, 122, 344, 487, 491, 503, 533, 534, 569, 
636, 642

community (stakeholders) 343, 410, 462, 539, 540, 
544, 546

comparative study 353, 559–560, 571, 575–588, 
600–612; see also international comparison

competence see assessment (competencies); ethical 
competence/competencies

computer science 13, 126, 134, 143, 219, 352, 517, 
626

confirmation bias 187, 188
Confucianism 4, 144, 147, 154–156, 160
consequentialism 4, 7, 20, 45–55, 112, 144, 146, 

156, 157, 199, 323, 636; see also utilitarianism
construction(s) see building(s) and construction
constructive alignment 476, 481
Constructive Technology Assessment (CTA) 217, 

224, 225, 381–383; see also assessment 
(technology)

contractualism 4, 45, 47, 51
corporate culture see culture (organizational/

corporate)
corporate social responsibility (CSR) 9, 40, 115, 

176, 198–200, 222, 223, 234, 235, 239, 240, 
254, 258, 313, 316, 372

Creative Anticipatory Ethical Reasoning 436
critical approach to emotion 78, 79
critical consciousness 246, 270, 280
critical engineering 174–176
critical theory (CT) 143–146, 165, 169–172, 264, 

379
critical thinking 20, 22, 34, 51, 117, 128, 131, 137, 

153, 175, 187, 189, 236, 256, 317, 329, 330, 
343, 370, 400, 401, 430, 432, 434, 435, 451, 
462, 465, 499, 501, 536, 573, 640, 643, 654

cross-cultural 24, 180, 193, 343, 417, 558, 560, 561, 
571, 600, 603–605, 611, 628

cross-national 575, 583, 584, 588, 611
culture see culture (demographics); culture 

(disciplinary/engineering); culture 
industry; culture (norms/traditions); culture 
(organizational/corporate); culture (popular)

culture (demographics)152, 172, 387, 419, 644
culture (disciplinary/engineering) 62, 63, 65, 66, 

192, 206, 213, 247, 249, 285, 295, 297–300, 

365, 399, 401, 430, 435, 444, 451, 536, 618, 
623, 638, 639, 641, 652, 656

culture industry 172
culture (norms/traditions) 78, 171, 173, 186, 256, 

271, 275, 307, 309, 315, 434, 560–564, 573, 
591, 598, 599, 601, 603, 605, 643

culture (organizational/corporate) 62, 64, 71, 72, 
120, 187, 326, 355, 379, 547, 549, 659

culture (popular) 77
curriculum see curriculum (across the); constructive 

alignment; curriculum (attained); curriculum 
design/designers; curriculum (ideal); 
curriculum (intended); extra-curricular

curriculum (across the) 192, 351, 352, 500, 501, 656
curriculum (attained) 524–526
curriculum design/designers 286, 352, 380, 383, 

433, 501, 525, 531, 532, 595, 600, 611, 612, 
651

curriculum (ideal) 523, 530, 531, 533
curriculum (intended) 524–529, 531, 533

data (computer science) 8, 126, 129, 131, 133, 135, 
136, 167, 169, 199, 231, 240–242, 243n5, 245, 
247, 321–327, 329–331, 333–335, 369, 403, 415, 
480

data life cycle (DLC) 247, 324–327, 329, 333, 334; 
see also end user

decision-making 3, 4, 13, 19, 21, 22, 25, 27, 29–34, 
40, 52, 54, 55, 60–72, 77, 79, 80, 82, 83, 85, 
114, 120, 121, 132, 135, 146, 184–187, 189, 
191, 198, 201, 215, 219, 222–224, 226, 233, 
246, 252, 262, 266, 270, 308, 312, 313, 315, 
322–324, 326, 327, 340, 341, 343, 348, 350, 
353–356, 364, 383, 384, 387, 389, 400, 401, 
410, 413, 414, 429, 431, 432, 443, 450, 469, 
470, 473–475, 478, 479, 488, 489, 502, 503, 
507–509, 514, 516, 517, 524, 530, 533, 539, 
547, 573, 579, 596, 597, 601, 606, 607, 611, 
632, 636, 643

deep ecology 4, 112, 116–118, 121
defense industry 272
deontology 4, 7, 20, 45–50, 53, 55, 112, 144, 146, 

156–158, 203, 323, 607, 636
de-respons-ability 206
design see design education; design principles; 

empathic design; human-centered design; 
inclusive design; participatory design; social 
process of design; sustainable design; user-
centered design; value-sensitive design

design education 221, 222, 225, 226, 341, 610
design principles 115, 259, 264, 400
dialogical/monological methods 444, 455
dialogue 14, 19, 52, 108, 109, 113, 114, 117, 119, 

120, 122, 151, 165, 173, 175, 183, 185, 226, 
232, 247, 249, 271, 272, 278, 280, 327, 328, 
331, 333, 335, 342, 344, 353, 373, 400, 401, 
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442, 447, 451, 495, 515, 572, 610, 611; see 
also ethical dialogue

dignity 14, 92, 98, 99, 114, 155, 287, 292, 316, 341, 
392

dilemma(s) 3, 13, 14, 22, 30, 31, 44, 47, 48, 55, 80, 
108, 109, 111, 113, 116, 122, 128, 131, 132, 
137, 145, 152, 157, 182–184, 186, 189, 191, 
192, 194, 199, 209, 214, 219, 246, 252, 256, 
272, 288, 296, 312, 316, 340–343, 347–350, 
355, 363, 365, 371, 372, 378, 385, 386, 429, 
435, 444, 448, 465, 468, 471–473, 480, 490, 
493, 507, 508, 516, 529, 530, 561, 623, 650, 
659

disability 66, 150, 402, 508, 514
disasters 33, 62, 66, 200, 217, 218, 254, 269, 276, 

314, 316, 341, 348, 363, 410, 416, 450, 560, 
616, 640, 655, 657, 659; see also accidents; 
assessment (risk/social and environmental 
impacts); disasters; environment(al); life cycle 
analysis; pollution

discourse 4, 16, 19–22, 45, 52, 77, 79, 81–83, 145, 
146, 155, 169–171, 174, 193, 198, 200–204, 
206, 208, 213, 231, 241, 242, 247, 304, 310, 
313, 316, 317, 379, 386, 389, 435, 531, 572, 
597, 633, 635, 637, 638, 642, 654; see also 
multi-stakeholder

disempowerment 658; see also emancipate; 
empower

disengagement 355, 372, 641, 658; see also 
emancipate; empower

dispositions 32, 49, 85, 328, 384, 461, 465–472, 
474–476, 479, 481, 482

DIT, DIT-2 79, 80, 183, 184, 369, 471, 473, 475, 
477–481, 516, 517

diversity, equity, and inclusion (DEI)/equality, 
diversity, and inclusion (EDI) 3, 9, 92, 98, 
103–105, 144, 246, 249, 252, 255, 262, 264, 
351, 431, 531, 533, 543, 544, 590, 600, 623, 
632, 641, 643, 644, 659; see also diversity; 
equity; inclusion

diversity 3, 5, 6, 9, 11, 16, 28, 35, 62, 77, 92, 98, 
99, 103–105, 108, 144, 155, 170, 173, 186, 
209, 246, 251, 252, 255, 262, 264, 299, 311, 
318, 326, 344, 347, 351, 369, 401, 411, 416, 
431, 473, 488, 490, 510, 531, 533, 543, 544, 
570, 571, 574, 577, 581, 584, 588, 590, 600, 
605–607, 609, 621, 623, 632, 637, 640, 641, 
643, 644, 651, 653, 659

DLC see data life cycle
duty 47, 156, 158, 159, 182, 257, 309, 316, 536, 

550, 640

early warning 13, 120, 307
EC see Engineering Council; Engineers Canada
ecological crisis 63, 71, 92, 109, 110, 208, 643; see 

also climate change

ecology 4, 19, 41, 112, 116, 118, 121, 150, 158, 
312, 389

ecosystems 22, 28, 61, 63–64, 67, 109, 112, 116, 
168, 265, 305, 309, 459, 539, 540, 577, 606, 
609; see also habitat

ECPD see Engineers’ Council for Professional 
Development

ECSA see Engineering Council of South Africa
effectiveness 14, 31, 40, 54, 80, 115, 135, 184, 247, 

261, 308, 340–343, 349, 354, 355, 432, 436, 
452, 499, 510, 526, 532, 541, 549, 551, 556, 
598, 608

EI see Engineers Ireland
electrical/electronic engineering 2, 245–249, 

285–296, 300, 378, 467, 618, 626
emancipate 113, 151, 152, 161n1, 165, 169, 

246, 270, 271, 274, 276–280; see also 
disempowerment; disengagement; empower

emergent/emerging teaching methods 14, 192, 339, 
340, 345–351, 356, 430

emotion(s) 6, 8, 10, 13, 19, 22, 24, 39, 50, 55, 60, 
67, 76–85, 136, 137, 145, 147, 149, 158, 169, 
180, 184–186, 189–191, 193, 217, 220, 221, 
249, 262, 307, 340, 343, 348, 353, 354, 356, 
363, 366–368, 370–372, 374, 383, 384, 386, 
398, 403, 429, 435, 444, 448, 451–452, 455, 
460, 462, 467, 470, 475, 478, 479, 489, 499, 
508, 518, 558, 640

empathic design 3, 145, 147, 220–222
empathy 35, 40, 49, 50, 79, 82, 85, 131, 135, 

145, 147, 158, 173, 175, 184–186, 190, 191, 
193, 220, 221, 224, 340, 354, 371, 372, 410, 
412, 414, 415, 417, 420, 429, 435, 436, 470, 
488–490, 501, 601; see also empathic design; 
empathy (development of)

empathy (development of) 191, 340, 354, 415, 420, 
435

empower 103, 113, 131, 136, 137, 151, 152, 161, 
175, 226, 246, 270, 278, 279, 295, 326, 332, 
349, 469, 573; see also disempowerment; 
disengagement; emancipate; empower

enactment 102, 204, 279, 313, 367, 382, 383, 572, 
641

end user 36, 126, 127, 131, 135, 220, 333
energy 4, 9, 14, 28, 50, 63, 71, 95, 119, 131, 136, 

172, 253–255, 259–262, 266, 296, 305, 306, 
341, 372, 386, 410, 418–420, 643, 644; see 
also energy efficiency; energy justice

energy efficiency 95, 254, 259–261
energy justice 4, 9, 119, 643, 644
engagement 55, 70, 80, 110, 126, 135, 213, 246, 

263, 277, 288, 305, 309, 310, 316, 327, 330, 
340–343, 349–351, 353, 356, 370–372, 385, 
389, 399, 401, 404, 410, 412–416, 421, 422, 
431, 434, 443–445, 447, 451, 453–455, 462, 
470, 495, 499, 513, 514, 519, 530–531, 533, 
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536–541, 543–553, 573, 583, 584, 597, 618, 
623, 638, 640, 643, 651; see also community 
(engagement); industry engagement; student 
engagement

Engineering and Science version of the Defining 
Issues Test (ESIT) 184, 473, 475, 477–481, 
516, 562

engineering and society 167–169, 581, 586, 591; see 
also Science and Technology Studies (STS)

Engineering Council (EC) 466, 512, 542, 580, 581, 
610, 617

Engineering Council of South Africa (ECSA) 545, 
549, 552

engineering design 3, 35, 52, 101, 125–127, 
143–145, 185, 213–220, 222, 223, 225, 226, 
248, 262, 275, 289, 292, 296, 341, 410, 415, 
428, 432, 434, 474, 493, 498, 573, 579, 582, 
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444, 445, 447, 451, 492, 500, 508, 530, 558, 
560, 578, 601, 633, 636
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