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Introduction

Creating an inclusive environment where all developers regardless of their identity can 

feel welcome and exploit their talents is an ethical imperative no company can ignore. 

With its broad and significant impact on our society, software and its design also must 

be inclusive of an increasingly diverse end user base and their preferred software usage 

patterns. It is no surprise that the differences between the people developing software 

are reflected in how software is developed and what the resulting software looks like. The 

characteristics of and support for inclusive development teams and inclusive software 

and the intricate interdependency between the two are emerging as one of the more 

critical and pressing needs in software research and practice.

Indeed, software organizations have in the last decade been trying to make changes 

for a more diverse and inclusive software development environment. The push for 

increased diversity in software has been a public one, from annual diversity reports by 

some of the world’s most visible companies such as Microsoft,1 Google,2 and Facebook3 

to large projects such as the Linux Foundation’s Software Developer Diversity and 

Inclusion project [1] that explores, evaluates, and promotes best practices from research 

and industry to increase diversity and inclusion in software engineering.

At the same time, the scientific literature provides clear evidence that diverse teams 

are more creative and high-performing [2, 3, 4] and that the software industry still has a 

diversity problem. Research has shown that diversity is an essential feature of a team – 

without gender diversity, teams may focus on doing things faster and less on doing new 

things [5, 6], while teams that benefit from race or nationality diversity also leverage 

multiple points of view, availability of knowledge and skills, and constructive conflict 

[7]. However, diversity comes with an increased cost of communication, and successful 

mechanisms for creating diverse and inclusive software development environments are 

still to be better studied.

1 www.microsoft.com/en-us/diversity/inside-microsoft/annual-report
2 https://diversity.google/annual-report/
3 https://diversity.fb.com/read-report/

https://www.microsoft.com/en-us/diversity/inside-microsoft/annual-report
https://diversity.google/annual-report/
https://diversity.fb.com/read-report/
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Despite these many efforts, diversity remains low. Numbers from the software 

industry show that less than 25% of software engineers are women. Diversity is also 

low in regard to many other facets of diversity. For example, in the United States, less 

than 5% of software engineers are Black and, in New Zealand, only 8% are Māori [8]. 

Men in same-sex relationships are 12 percentage points less likely to have completed a 

bachelor’s degree in a STEM field compared with men in different-sex relationships [9]. 

Significant research shows that developers from marginalized groups such as women, 

racial and ethnic minorities [10, 11], or non-native English speakers face bias [12] and 

discrimination [13].

While diversity can be described along various dimensions including gender 

identity, ethnicity, race, age, neurodiversity, or sexual orientation, most of the debate has 

centered around gender diversity, and gender has usually been interpreted as binary. 

This book expands beyond this view and considers a range of diversity facets and their 

impact on software engineering. It also considers intersectionality between the different 

facets of diversity, since people in intersecting, historically excluded groups will have 

unique experiences and needs [10, 14].

To the best of our knowledge, this book is one of the first collections of current works 

on this topic – there are no books explicitly targeting diversity in the context of software 

engineering to date. A major related work is the Encyclopedia of Gender and Information 

Technology edited by Eileen Trauth, but it covers both a much broader area, information 

technology rather than software engineering, and a much narrower one, focusing on 

gender and predominantly on women [15]. Inspired by the aforementioned work, this 

book provides an updated perspective of the range of diversity and interventions of 

equity and inclusion in software engineering.

Overall, the book provides an overview of research into the different aspects 

of diversity and inclusion in software engineering, as well as the tools, methods, 

and practices proposed to foster diversity, to build inclusive software teams and 

development environments, as well as inclusive software. It also describes the research 

challenges and possible methodologies in studying diversity and inclusion in software. 

For researchers, the book presents a state-of-the-art collection of existing studies into 

many aspects of diversity, methods and tools proposed and tried out in practice, 

challenges in research, and methodologies supporting studies of diversity and inclusion 

in software engineering and contributes to a research agenda on this topic for future 

studies. For industry practitioners, the book describes efforts to investigate diversity in 

InTroduCTIon
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software teams, whether in corporate or open source environments. It also describes 

empirical evidence about effectiveness of certain methods and approaches to foster 

diversity and inclusion in software development. For educators, the book describes 

practices and effective changes in computer science/software engineering curricula 

that were found as effective in engaging learners from marginalized groups and creating 

inclusive software teams that are diverse and with a heightened ability to develop 

inclusive software and that relate to educational material useful for training for diversity, 

equity, and inclusion.

 Landscape of Diversity and Inclusion Studies
The space of diversity and inclusion studies is, not surprisingly, diverse: one might 

consider multiple diversity axes (e.g., gender, age, ethnicity) or their combinations (as 

individuals located at the intersection of multiple diversity axes do not necessarily know 

whether their experiences should be attributed to either of the axes or the interplay 

between them); multiple social, socio-technical, and technical perspectives (e.g., how 

does team diversity affect communication between the developers and their software, 

how different stakeholders respond to software changes, or what are gender- and/or 

age-related biases in the software itself); as well as different tasks, from identifying the 

problems through proposing solutions to evaluating the solutions and implementing 

them in software practice.

We start this book with the first part aiming to chart a broad picture of software 

engineering diversity and inclusion studies. Each one of the chapters constituting 

this part covers multiple studies related to diversity and inclusion, for example, in 

Chapter 3, “The Challenges of Ethnic-Racial Diversity Within the IT Sector,” Michele 

Miranda and Rafael Prikladnicki survey the scientific literature on the topic, while 

Chapter 4, “Breaking the Glass Floor for Women in Tech,” by Trinkenreich et al. 

focuses on challenges experienced by women both in companies and in open source 

projects as well as actions one can take to overcome those. As opposed to these 

two studies, Chapters 1 and 2, “Roads Ahead to Diversity and Inclusion by Software 

Engineering” by Rastogi and “ED&I and SE: Challenges, Progress, and Lessons” by 

Grundy et al., do not focus on specific subdomains and provide a global overview of 

their work in this domain, challenges, progress made, and lessons learned.

InTroduCTIon
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 Inclusive Software
Lack of diversity and representation in the teams that create and maintain software 

products can have impacts on the products these teams create. If software products are 

to be usable by a wide range of diverse people, they must be designed with inclusivity 

in mind. Having more diverse perspectives involved in the creation of software can help 

in this regard, but for this to happen, the way we create software needs to be inclusive. 

In the next part, the chapters focus on the inclusivity of software products themselves 

and examine the inclusivity of the process of developing software. Hashmati and 

Penzenstadler, in Chapter 5, “How Users Perceive the Representation of Non-binary 

Gender in Software Systems: An Interview Study,” discuss how to make software systems 

more gender-inclusive for the full gender spectrum. Tizard et al. motivate the need for 

and provide recommendations for more inclusive software requirements elicitation 

to understand more diverse user needs in Chapter 6, “Elicitation Revisited for More 

Inclusive Requirements Engineering.” In Chapter 7, “Developers’ Perspective of Diverse 

End User Requirements,” Grundy et al. examine current practices, software developer 

perceptions, and challenges of considering diverse user needs. Pandey et al. make 

recommendations, in Chapter 8, “UI Development Experiences of Programmers with 

Visual Impairments in Product Teams,” for more accessible software tools from their 

studies of teams including software developers with visual impairments. Johnson and 

Smith discuss the importance of considering ethics in the software development process 

and make recommendations for ensuring ethical decision making in Chapter 9,  

“The Role of Ethics in Engineering Fair AI (and Beyond).” Finally, Devathasan et al. 

reflect, in Chapter 10, “Beyond Diversity: Computing for Inclusive Software,” on the 

ability of students to build inclusive software products by including activities such as 

empathy-based requirements gathering techniques.

 Diversity and Inclusion in Development Teams
Given the surge in research and corporate efforts to study and increase the participation 

of women and marginalized groups in software development, how diverse and inclusive 

teams really are? What are the perceptions of developers about diversity, its benefits, or 

about how inclusive their teams are in the development work? While a growing body of 

research brings evidence about the benefits of diverse teams, with gender-based diversity 

being most studied, insights into inclusiveness of software teams are still limited.

InTroduCTIon
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In this next part, chapters report from studies of perceived diversity and inclusion 

in development teams in corporate environments, as well as open source projects, or in 

the industry in general. Hodges and Murphy-Hill (Chapter 13, “Perceptions of Software 

Developer Inclusion: A Survey at Google”) describe insights from a developer survey 

at Google that investigated the sentiment around inclusion in development projects as 

related to experiences in help-seeking or other collaborative behaviors in teams. Kohl 

and Prikladnicki (Chapter 11, “Gender Diversity on Software Development Teams: A 

Qualitative Study”) report on perceptions on gender diversity in software engineering, 

from a more general study, their findings suggesting that gender-diverse workspaces 

relate to better ideas sharing, better decision making, and creativity and innovation. 

Similarly, the chapter co-authored by Qiu and colleagues (Chapter 14, “How Much 

Do Women Build Open Source Infrastructure?”) investigates the representativeness of 

women in open source development and in particular infrastructure projects, reporting 

an upward trend in the percentage of women among both highly active (core) and  

the general repository contributors. Finally, Sánchez-Gordón and Colomo-Palacios 

(Chapter 12, “Exploring Intersectional Perspectives in Software Engineering Through 

Narratives”) discuss the largely understudied aspect of intersectionality in software 

engineering and use narratives collected through ethnographic histories from software 

practitioners from underrepresented groups to draw attention to what they refer to as 

“multiple interlocking issues” related to diversity in software development.

 Across the Gamut of Opportunities: Initiatives 
and Interventions
In the world of constant critiques of the low diversity in software engineering settings, 

it is often quite rare that research can provide a fresh take and showcase intervention 

and solutions to combat the issue. With this book, we want to showcase that there is 

room for both the outlined critique and approaches that can be adapted to a range of 

environments.

In this part, authors cover a range of topics that highlight that we can do more than 

just study the challenges of diversity, but that we have techniques to help construct, 

design, and build that can improve diversity in software engineering. This part begins 

with a chapter by Barbora Buhnova (Chapter 15, “Beyond Classroom: Making a 

Difference in Diversity in Tech”) on learning about how projects like “Czechitas” have 

triggered a social movement for ushering in and retaining over 50,000+ women in 

InTroduCTIon
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Czechia. Gama and colleagues (Chapter 16, “Toward More Gender-Inclusive Game 

Jams and Hackathons”) also cover how intentional use of in-person experiences of 

hackathons and game jams can be more inclusive across women and LGBTQ+. In the 

global landscape of development, Samarah and colleagues (Chapter 21, “Bringing 

Diversity in Software Engineering Education from the Middle East and Africa”) cover 

the state of the challenges of engaging software engineering to the Middle East and 

Africa. Dicker and colleagues (Chapter 19, “Experiences Implementing and Deploying 

Anonymous Code Review”) compare settings of industrial code review and how 

developers experience pushback and share results from tools they built to support an 

anonymous code review process. Likewise, Murphy-Hill and colleagues (Chapter 18, 

“Did Gerrit’s Respectful Code Review Reminders Reduce Comment Toxicity?”) provide 

results at reducing code review toxicity in industry settings. This part also covers a range 

of experiences in OSS from understanding how to enforce codes of conduct by Frluckaj 

and Howison (Chapter 17, “Codes of Conduct in Open Source”) to recommendation for 

successful mentoring strategies to onboard new contributors by Jacobs and colleagues 

(Chapter 20, “Mentorship of Women in OSS Projects: A Cross-Disciplinary, Integrative 

Review”), and finally Demetris Cheatham (Chapter 22, “Open Sourcing Diversity, Equity, 

and Inclusion”) outlines how companies like GitHub can use their power to influence 

equity, diversity, and inclusion by forming partnerships with the organizations and 

individuals on the ground doing the meaningful work that makes a difference.

 Challenges and Initiatives to Designing Inclusive 
Software Engineering Education Environments
Investing in the study and preparedness of the future generation of software engineers 

may prove effective in further understanding the barriers of diversity and inclusion 

but also in trying out some strategies to overcome them in education environments. In 

addition to supporting software engineers on their career paths once in the software 

industry, efforts could be made to develop learning environments that are inclusive of 

all students’ needs as well as train them with a heightened awareness and regard for 

the benefits of diverse teams and ways in which diverse teams can be inclusive of their 

members’ unique contributions.

This part starts off with Lucia Happe’s (Chapter 25), “Effective Interventions to 

Promote Diversity in CS Classroom,” that reviews some of the reasons for which women 

engage with computer science (CS) as well as those for why they would drop out of 
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CS education and offers some insight into some interventions perceived as effective 

in targeting and mitigating frustrations in CS education. With a more Latin American 

focus, Chapter 23, “Rethinking Gender Diversity and Inclusion Initiatives for CS and SE 

in a University Setting,” by Jocelyn Simmonds and colleagues discusses gender-related 

initiatives in Chile and brings recommendations for improvement from a qualitative 

study of the experiences and perceptions of computer science students, staff, and 

faculty at the University of Chile. The other two chapters describe specific interventions 

to design inclusive learning environments. In Chapter 26, “Software Engineering 

Through Community Engaged Learning and an Inclusive Network,” Nawar Arony and 

colleagues describe the design of and experiences from the INSPIRE: STEM for Social 

Impact program at the University of Victoria, Canada, where students, in particular 

women and other underrepresented groups, are empowered to learn and use software 

and other engineering solutions in approaching sustainability-focused, community- 

driven problems and in a network of academic and industry mentors. Finally, Liebel 

and Sigurðardóttir in Chapter 24, “Economical Accommodations for Neurodivergent 

Students in Software Engineering Education: Experiences from an Intervention in Four 

Undergraduate Courses,” discuss the obstacles as well as the accommodations and 

interventions for neurodivergent students they found successful in a number of courses 

in the undergraduate computer science program at Reykjavik University, Iceland.

 Methodologies Supporting Studies of Diversity 
and Inclusion in Software Engineering
Studying diversity requires utmost care: while methodological rigor is a must for any 

scientific publication, less rigorous studies targeting individuals from marginalized 

groups might lead to conclusions harming those individuals or reinforcing pre-existing 

stereotypes. Moreover, increased societal attention to diversity and inclusion means 

that studies of these topics are conducted beyond the traditional academic circuit. 

For example, Stack Overflow4 and GitHub5 publish yearly reports about developer 

communities referring to such diversity attributes as gender and location; TokyoDev 

4 https://survey.stackoverflow.co/2022/
5 https://octoverse.github.com/
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has surveyed 558 international software engineers living in Japan;6 Andela studied the 

importance of team culture and giving back by surveying software developers.7

This is why three chapters constituting the last part of the book touch upon topics 

related to conducting studies of diversity and inclusion in the software engineering 

realm. Chapter 27, “How to Measure Diversity Actionably in Technology,” by Hamid 

et al. focuses on the survey instrument to measure diversity in terms of GenderMag 

personas as well as provides a strategy for validating software engineering surveys in 

general. In Chapter 28, “How to Ask About Gender Identity of Software Engineers and 

‘Guess’ It from the Archival Data,” Serebrenik reviews ways of obtaining information 

about an individual’s gender identity that often constitute a prerequisite for diversity 

and inclusion studies. Finally, Chapter 29, “Strategies for Reporting and Centering 

Marginalized Developer Experiences,” by Ford and Johnson focuses on the interaction 

between researchers and developers from historically marginalized communities. The 

chapter provides approaches on how to center research on marginalized perspectives 

as well as illustrates these approaches by case studies the authors conducted working 

with blind and low-vision software developers as well as Black and African-American 

technologists.

We hope that these chapters can benefit both practitioners and academics active in 

the diversity and inclusion studies of software developers.
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CHAPTER 1

Roads Ahead to Diversity 
and Inclusion by Software 
Engineering

Ayushi Rastogi*, University of Groningen, The Netherlands.

Software has a pivotal role in human lives. It is instrumental in transforming dreams into 

reality, such as the role of software in self-driving cars and space explorations. Software 

is also fueling our worst nightmares. Channeling the spread of misinformation, inciting 

communal violence, and making life-threatening decisions for humankind are examples 

of how software harms society. In the twenty-first century, software is the most potent 

tool with humankind that nurtures and ruptures the social fabric of modern human 

civilization.

Software is a creation and a reflection of humans. From inception to implementation 

and maintenance, an individual or a group works and makes decisions on software. This 

process infuses the technical details of software development with the experiences and 

worldviews of the individuals and groups involved in its development. The resulting 

software is not just for the people and by the people but also a reflection of the people 

involved in its development.

Software is made with various intentions and serves a range of purposes. Even 

with the best intentions, software can unintendedly harm humankind, especially 

marginalized communities.

https://doi.org/10.1007/978-1-4842-9651-6_1
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One such example is a face recognition system. Face recognition systems help 

humankind automatically process people’s information, individually and as a crowd. 

These systems, however, are shown to harm marginalized communities (e.g., black 

population1) by systematic misclassification, placing them in a disadvantaged position.

Explorations on diversity and inclusion focus on appropriately handling the 

distinguishing characteristics that systematically place an individual or group(s) in a 

disadvantaged position. These characteristics can be visible and perceived (e.g., gender 

[21], age [10], nationality [18], and race [15]) and subtle and not visible otherwise (e.g., 

beliefs and background [9]) [20]. In simpler terms, promoting diversity starts with 

understanding when to distinguish and when not to. For instance, one way to promote 

diversity is to not distinguish people on gender for job application. In another scenario, 

promoting diversity means creating special provisions for the visually challenged. 

Inclusion goes further into making everyone feel included.

This chapter offers the author’s perspective on promoting diversity and inclusion 

and discusses the role of software engineering research. The chapter introduces the 

unique position of the software industry in exaggerating diversity and inclusion issues 

and the unique opportunity to solve a problem of historical relevance. The author 

describes the two paths research can pursue, at the software and human levels, to 

mitigate diversity and inclusion issues and the scope of each exploration. Finally, the 

chapter characterizes the software engineering research focused on diversity and 

inclusion (with examples) and proposes a roadmap for improvement.

This chapter is written for various audiences. Software engineering research can 

pursue the two paths presented in this chapter to promote diversity and inclusion. 

The software industry (including software-defined enterprises) can use it to overview 

the current state of research and potential solution spaces. For the broad computer 

science audience and other fields interested in exploring diversity and inclusion, this 

chapter introduces the unique position of software systems in exacerbating diversity 

and inclusion issues and providing a unique solution space. While there are many paths 

to explore diversity and inclusion issues (e.g., policy-making bodies and government), 

the insights presented in this chapter are limited to what we know from the scientific 

literature in software engineering research. For the interested, it will be worthwhile 

exploring the directions mentioned previously.

1 www.wired.com/story/best-algorithms-struggle-recognize-black-faces-equally/
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 A Unique Opportunity
Software engineering is in a unique position regarding diversity and inclusion. Software, 

on the one hand, is exaggerating diversity and inclusion issues at an unprecedented 

pace. On the other hand, it offers a unique solution space that never existed earlier.

Diversity and inclusion issues exist historically. Some early documented references 

to diversity and inclusion issues date to the 1960s [24], although the issues have existed 

for much longer. These issues have percolated in society for a long time and have 

many manifestations. For instance, Chapter 6, “Elicitation Revisited for More Inclusive 

Requirements Engineering,” describes diversity and inclusion issues in requirements 

engineering and offers advice for more inclusive requirements engineering. Another 

manifestation is during software development, where there is a systematic difference 

in evaluation depending on the gender [21] and geographical location [18] of code 

contributors. Part 3 of this book offers detailed insights into diversity and inclusion in 

development teams. Further, some issues affect a specific subpopulation (e.g., a region). 

In contrast, others can involve a wider population (e.g., multiple countries) [17].

With software, diversity and inclusion issues are widespread and bigger. As 

reflections of people, software imbibes people’s characteristics and cues that introduce 

biases and fairness issues. For example, a recent study shows that setting gender 

to “female” resulted in fewer high-paying job ads than setting the gender to “male” 

[4]. A similar exploration in software engineering research showed that the chances 

of women’s contributions being accepted are higher when their gender identity is 

unknown [21]. The software picks cues from its environment as well. With machine 

learning software, the software picks cues and amplifies what it learns, which worsens 

existing issues. Software systems can now inflict more harm than they would have had in 

the past.

The software also offers an unprecedented opportunity and a solution space to 

mitigate this problem of historical relevance. This unique position comes from the 

characteristics of software (as opposed to humans), the role of software as an intermediary 

in our daily lives, and the historical data generated during its development and use.

Software offers a way to enforce rules where humans fail and subconsciously 

introduce biases [13]. The second opportunity comes from the position of software in 

modern human civilization. As the invisible air around us, the software is everywhere, 

giving it the unique opportunity and capability to influence communications, beliefs, 

experience, and more. If software’s position is leveraged wisely, it can contribute to 

reintroducing lost values.

Chapter 1  roads ahead to diversity and inClusion by software engineering
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Software engineering offers another opportunity in the form of data to investigate 

and reflect on software and its development. During software development, traces of 

development activities are captured. Examples are version control systems, mailing 

lists, and issue-tracking systems. For decades, these logs with rich insights on activities, 

actors, and events have helped us improve software and its development [11, 19]. These 

traces have recently shown us an evidence-based path to investigate diversity and 

inclusion issues, including measuring the extent of the problem [17, 18, 21] and potential 

solution spaces [17]. For more initiatives in practice and education, refer to Parts 4 and 5 

in the book.

This opportunity is unprecedented in history for various reasons. We now have 

data on actions and behavior contributing to diversity and inclusion issues. For the first 

time, we can study the decisions behind closed doors. The qualitative analysis helped 

us understand perceptions and experiences. Now with the data, we can substantiate the 

claims. Software data can help us go beyond perceptions, which might sometimes not 

reflect reality. Unlike experiments, which are yet another powerful tool to study behavior, 

to some extent, data mitigates the changes in behavior resulting from observation – also 

referred to as the Hawthorne effect.

Today, data-driven explorations promise to offer objective insights as long as the 

data reasonably reflect actual events. Analyzing activity log data in its current form offers 

a space where the phenomenon seen is closer to the actual event. However, it remains 

a valid risk that once these data sources are used for analysis, it changes the actions and 

behavior of the people. Another challenge is the nonavailability or limited availability of 

data. Given the topic’s sensitive nature, there is limited to no data to study diversity and 

inclusion.

 Two Solution Spaces
Software and humans are in a vicious cycle in which they constantly learn and influence 

each other. To break this cycle, changes are required at the level of software and people, 

the two solution spaces to promote diversity and inclusion. Changes at either of the two 

levels will influence one another and create a cycle of changes promoting diversity and 

inclusion. For example, a recommender system that offers equal job opportunities to 

people from different demographics will foster diversity. In the long run, this is likely 

to change marginalized communities’ social status and contribute to changing the 

prevalent notions responsible for biases.

Chapter 1  roads ahead to diversity and inClusion by software engineering
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Making software systems fairer can start at any stage of software development. 

For software systems yet to be developed, discussions on fairness should start at the 

inception of an idea, leading its way into its design, implementation, testing, and use. 

For software systems in use, it is still necessary to gauge how the outcomes of a software 

system influence people.

During ideation, fairness refers to the awareness of audiences and their various 

needs. The better we understand the needs, the more prepared we are to propose a 

solution that likely works for all. However, there remains an unforeseeable future that 

is hard to quantify. For example, creating software for a visually challenged audience 

requires understanding their needs. One such need is comprehending an image. See 

Chapter 6, “Elicitation Revisited for More Inclusive Requirements Engineering,” for 

insights on how requirements can be made more inclusive.

Fairness in design choices is about balancing the stakes by making trade-offs 

among competing and often conflicting priorities. In the preceding example, to 

design a software system for a visually abled and disabled audience, there is a need to 

consider presenting the same information in different formats. For example, offering an 

alternative text for an image makes the content of an image comprehensible to a visually 

disabled person.

During development, the individual and group experiences and decisions are 

codified in source code, potentially introducing fairness issues. These issues can 

come through three channels: (a) algorithms making decisions, (b) machine learning 

components as abstract algorithms, and (c) the data from or to which it is learned or 

applied.

Algorithms as decision-makers, unless designed to meet the requirements of 

any, are likely to miss the needs of many. These differences emerge as bias against 

subpopulations. Machine learning components are a more complex alternative 

to algorithms in making decisions, and often it is unclear what rules they follow. 

Sometimes issues creep in from the data it is trained on and, otherwise, the data it is 

applied to. Even when an algorithm is unbiased, it can introduce unfairness if the data it 

is applied to has inherent biases.

Testing for fairness comes into play when a system is ready for use or in use. Testing 

for fairness looks into attributes (e.g., gender and ethnicity – also referred to as sensitive 

or protected attributes) to assess how software systems behave for one or more protected 

attributes [5]. Finally, who has access to software or its feature is another source 

contributing to fairness issues during deployment.

Chapter 1  roads ahead to diversity and inClusion by software engineering
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Another way to break the vicious cycle starts with the people involved in its 

development. As the driving force, humans have a significant role in shaping software. 

Therefore, with diversity considerations, it is likely to create software that caters to the 

needs of many. This starts with creating and promoting a fair development environment 

(including its process) and a diverse and inclusive workforce.

People are shaping software in various capacities. Some of these roles might be more 

visible, for example, developer and tester. Other roles might be more subtle, such as user 

and business requirements analysts shaping the features implemented in software. As a 

user, people consciously or subconsciously drive the need for software or its features. An 

architect envisions what the software may look like, and developers bring the vision to 

reality. There are more roles than the ones mentioned here. Collectively, these individual 

and group dynamics, if meaningfully controlled, can improve the software system and 

spearhead solving the fairness issues at its source.

The two solution spaces have their utility and purpose. Fixing software systems for 

fairness is a reasonable short-term goal, although it has its share of issues. First, fixing 

fairness issues is challenging in the current landscape of somewhat homogenous teams. 

It is unreasonable to expect teams with a limited understanding of the problem to 

devise a solution that works for all. The meaningfulness of such a solution needs to be 

investigated.

The other alternative is making participating stakeholders in software development 

diverse and devising initiatives and processes that foster inclusion. This solution space is 

even more challenging since we are discussing issues that have percolated for centuries 

and are now deep-rooted. Any attempts at solving the problem from either end will go a 

long way in mitigating diversity and inclusion issues.

 Studies in Software Engineering
Explorations on diversity and inclusion in software engineering can be best described 

based on (a) the objective of a study, (b) the context, (c) the characteristics of 

stakeholders, and (d) the choice of data and method for exploration.

Chapter 1  roads ahead to diversity and inClusion by software engineering
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Objective: The objective of a study can be (a) to identify a problem, (b) to 

characterize the state of practice, and (c) to propose or adopt solutions. Today, some 

studies identify and report a problem relating to diversity and inclusion. For instance, 

a study by Terrell et al. shows evidence of gender bias by eliminating other potential 

explanations for an observation [21]. More similar studies offer insights pointing to 

diversity issues (e.g., geographic disparity in code evaluation [18]).

Studies characterize the state of practice to describe how things work in practice. 

This includes investigations into interactions among diversity and inclusion goals 

and software development activity, process, and outcomes. These explorations form 

the basis for understanding problem space and exploring appropriate solutions. 

For instance, a study on gender diversity showed that gender diversity correlates to 

improved productivity [23].

The solution space often takes inspiration from other fields for ideas likely to work in 

software engineering, for instance, anonymized peer reviews as a potential solution for 

mitigating biases in software engineering [14]. Another example is the GenderMag tool 

designed to identify diversity issues in software [3].

Context: The context for explorations on diversity and inclusion can be 

characterized as open source, industry-sponsored open source software systems, 

commercial software systems, and software-defined enterprises. Other contextual 

factors are the phase of software development and specific development activity. 

Here, the phase of software development refers to requirements elicitation, design, 

development, testing, and maintenance [20]. In each of these software development 

phases, activities such as code review [18], debugging [8], and pair programming [7] are 

studied to investigate diversity and inclusion issues.

Stakeholders: Each exploration addresses the problems or needs of one or more 

stakeholders. A stakeholder is characterized by features (visible or invisible) that 

uniquely define an individual or a group. These features can be identifiable, cognitive, 

changing over time, and role-based. Identifiable features generally refer to gender [21], 

ethnicity [15], and culture [1]. A particular class of identifiable characteristics includes 

specially abled individuals, for example, visually challenged [12]. Cognitive features 

include aspects such as ethics [2] and personality [6]. Features that change with time are 

age [10], experience [10], and status as a newcomer [16]. Finally, people in various roles 

include users, developers, and managers.

Chapter 1  roads ahead to diversity and inClusion by software engineering
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Data and methods: There are quantitative explorations based on traces of 

development activities inferred from archival data and its associated metadata (e.g., 

[19]). There are qualitative explorations (in the form of surveys and interviews) 

soliciting the perceptions and experiences of participating stakeholders (e.g., [22]). 

Other explorations follow a mixed-methods approach, use ethnography, or conduct 

experiments [20]. Ultimately, these solution spaces generate awareness and offer 

recommendations and tools that help identify and understand a problem and propose 

solutions.

 The Road Ahead
Data: To understand diversity and inclusion issues, we need data for analysis. While the 

software industry may have information on some attributes relevant to diversity studies, 

it is only the case for some. For instance, asking about an employee’s ethnicity at work 

might not be legal. Care must still be taken when we have access to the data that can 

offer insights since observation will likely change the behavior.

Some studies derive information such as gender [21], geographic location [18], and 

ethnicity from signals [15], but this comes with its limits. These automated solutions 

miss nuances and sometimes reinforce stereotypes running in society. Therefore, 

diversity and inclusion must be investigated with great care. For more on ethics, refer to 

Chapter 9, “The Role of Ethics in Engineering Fair AI (and Beyond).”

Intersectionality: Most explorations in software engineering have focused on 

understanding problem space in one dimension. It needs to be made clear how 

improving diversity in one aspect influences another. For instance, if we are trying to 

improve gender diversity, are we also improving diversity in other forms?

A common notion is that improving diversity in any form promotes diversity in other 

forms, but preliminary evidence suggests the opposite. For instance, a recent study 

showed that teams diverse in gender are not necessarily diverse in geographical location 

and vice versa [17].

This raises an even more important question: whose problem do we solve? This 

question goes beyond the discussion on gender and location into deeper spaces 

where solving the problem for one person creates a problem for another. It only 

gets complicated from here, with software now having an uncodified part (courtesy 

of machine learning) that continues to evolve. This ever-changing element further 

complicates our understanding of fairness, diversity, and inclusion.

Chapter 1  roads ahead to diversity and inClusion by software engineering
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One way ahead is investigating how solving a problem for one subgroup influences 

another. This way, we facilitate making informed choices and trade-offs otherwise. 

This information is relevant since it generates awareness of what we can improve and 

acceptance of what we cannot.

While we previously discussed limitations relating to data, these issues increase 

multifold for investigating trade-offs. From the given data sources, it is often difficult 

to gauge the influence of all the characteristics that interact. Other alternatives, 

such as conducting experiments on humans, are challenging. The closest we have 

is conducting experiments on the student population. Still, studying a problem on a 

student population in many situations is not feasible. For instance, understanding how 

global software engineering teams collaborate might be challenging to replicate based 

on student population, even if globally distributed. Chapter 12, Exploring Intersectional 

Perspectives in Software Engineering Through Narratives,” presents explorations on 

intersectionality using narratives.

Ethics: Most problems arise because of the topic’s sensitive nature. With studies on 

diversity and inclusion, considering the ethics of doing a study becomes as important 

as the objective of bringing positive change in society. Since these goals can often be 

conflicting, studying and meaningfully exploring the choices is hard.

Diversity and inclusion: Improving diversity is essential; doing it meaningfully is 

more. Most explorations have been trying to understand the problem space and how to 

quantify it. Future exploration should now focus on finding solutions but also on looking 

into inclusion. This is as important since there is no meaning to improving diversity 

without doing it meaningfully or without making attempts for inclusion, which is a 

much more complex problem. Chapter 10, “Beyond Diversity: Computing for Inclusive 

Software,” provides more details on the subject.

Sustainable solutions: Another aspect to consider is the sustainability of a solution. 

Most current solutions are explored in isolation. In practice, however, for a solution to be 

sustainable, it must balance business needs and the needs of society. Only then are we 

minimizing the potential for harm while maximizing the interests of software, society, 

and industry.

Inspiring other fields: Amid all these challenges and limitations in software 

engineering, we still have something that can inspire research in other fields: software 

and data. We hope that what software engineering can do can inspire other fields to 

gather a closer understanding of their subject. Future research can explore novel ways to 

enable us to study relevant problems to solve diversity and inclusion issues. This could 

come either from software solutions or guidelines for building software solutions.

Chapter 1  roads ahead to diversity and inClusion by software engineering
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Takeaways 

• software is a creation and reflection of humans.

• for a better society, have better software. for better software, have 
a better software development team.

• unless designed for the needs of any, a software system will miss 
the needs of many.

• development activity traces are our unique opportunity to 
understand diversity and inclusion issues in the wild.

• improving diversity is important; doing it meaningfully is more.

• sustainable solutions to improve diversity and inclusion are 
pragmatic and account for business needs.
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Software is developed by humans to address human needs. Many human aspects impact 

end users of software, for example, sight differences; cognitive differences; user age, 

cultural background, language, and language proficiency; living and working conditions; 

and so on. Many human aspects also impact software engineers and teams, such as 

differences in gender, culture, language, emotions, motivation, experience, etc. While 

end users of software represent the wider human population with its variations, typically 

software developers form a more unique group: highly educated, highly proficient 

in English, very comfortable with technology, highly paid, and, unfortunately due to 

continued trends, mostly male. In order to build software solutions for the wider end 

user populations, it is critical for software developers to empathize with and deeply 

understand their end user differences and how that impacts software usage.

In this chapter, we provide an overview of a few of our recent studies identifying 

some of the key challenges of these human aspects impacting software engineers 

and software end users. We follow this with a summary of a few of our recent studies 

addressing how some human aspects impact software engineering (SE), including 

end user age and mental and physical challenges and developer emotions and gender. 

https://doi.org/10.1007/978-1-4842-9651-6_2
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We report some of the key lessons that we have learned to date from conducting these 

studies and present a brief research roadmap for better addressing these human 

aspects in SE.

 Human Aspects and Software Engineering
Several human aspects impacting SE have been studied. In the following, we briefly 

review some of these, but this is by no means a comprehensive list – we have developed 

a preliminary taxonomy of end user human aspects [11] and one of developer human 

aspects impacting requirements engineering (RE) [14].

Gender: Gender bias toward software end users, for example, assuming users are 

male – this can include the use of noninclusive language, terminology, treatment, and 

assumptions about users based on their gender [42, 45]. Gender bias also impacts software 

engineers [Chapter 4 -Breaking the Glass Floor for Women in Tech, Chapter 5 - How Users 

Perceive the Representation of Non-binary Gender in Software Systems: An Interview 

Study, Chapter 11- Gender Diversity on Software Development Teams: A Qualitative 

Study] [22]. The GenderMag framework offers an approach to de-bias user interfaces [4].

Age: Impact of age on usage and/or age bias in design of software systems, for 

example, elderly users desiring interaction and terminology respecting their life 

experiences – this includes the different needs that young vs. older users may have, 

the different contexts of use for their software solutions, and wrong assumptions about 

differently aged users. We developed AgeMag to address age bias in ecommerce [33], 

and various guidelines exist for aging user design [36].

Emotions: People react differently to software, for example, some feel over- 

constrained and anxious when using smart home technology – some users react 

positively and others negatively to exactly the same solution. Different emotional 

reactions can have a profound impact on acceptance and adoption of software 

applications, explored in several recent work on emotions and requirements engineering 

from both end user and developer emotion perspectives [1, 5].

Physical or mental challenges: Both developers and end users may have a wide 

range of physical challenges, for example, a color-blind user with fine motor skill control 

limitations may struggle to use many mobile apps – challenges include color-blindness, 

sight challenges, hearing challenges, coordination challenges, and impacts caused 

by chronic disease such as stroke, obesity, cardiac arrest, infection, etc. These may be 

due to a range of causes, and their impact on different developers and users ranges 
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from inconvenient to making software impossible to use. Various design guidelines 

have been developed to help different challenges [19], though much less in the mental 

challenge area [Chapter 24 - Economical Accommodations for Neurodivergent 

Students in Software Engineering Education: Experiences from an Intervention in Four 

Undergraduate Courses] [32].

Spoken language: Spoken and written language differs among end users, for 

example, an app assuming high English proficiency and using technical jargon will 

confuse many end users – spoken and written language, language complexity, dialogue 

style, and language proficiency all may differ. Development teams may also use different 

languages, jargon, and terminology [21]. Some work has explored internationalization of 

software and simplification of text [41].

Socio-economic status: Different users have differing abilities to pay for and use 

technology, for example, a homeless person may only be able to afford a very low- 

end handset – this includes access to technology, affordability of solutions including 

software, network costs, etc. Their living and work environments may also greatly impact 

software use [12, 44]. Some users have no work, are under-employed or in precarious 

work, and have differing incomes, and all may have a significant impact on the design 

and deployment of software, especially in health and services domains. Limited 

guidance and tools address these issues arising from digital inequity [32, 35].

Culture and ethnicity: There is a need in development teams and in software 

developed to address cultural differences, for example, a global software team with 

mixed cultural work practices needs to respect differing approaches to authority – 

considerations include cultural practices, assumptions, behaviors, accepted and 

unaccepted practices, biases against particular users of software, and power structures  

in teams and groups. Limited work has been done on requirements and design 

approaches to incorporate culture and respect different ethnicities of users [Chapter 3 -  

The Challenges of Ethnic-Racial Diversity Within the IT Sector, Chapter 21 - Bringing 

Diversity in Software Engineering Education from the Middle East and Africa] [3, 47].

Geographic location: Where end users are located geographically, for example, 

users in rural areas often have low-bandwidth Internet impacting usage – considerations 

include rural/remote vs. urban, low-bandwidth area, and access to technologies 

and software. Studies show location may impact users and software systems 

significantly [48].
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 Identifying the Key Challenges
Survey 1 – Challenges in addressing diverse end user requirements: We initially 

conducted a large survey and targeted interviews of software developers to explore some 

of the human aspects of their end users they found most challenging to address and why 

[Chapter 7 - Developers’ Perspective of Diverse End User Requirements]. We wanted 

to gain a better understanding of current developer approaches to addressing diverse 

end users’ human aspects and key open challenge areas in this domain and determine 

key focus areas for researching new techniques and tools to address these [11]. Our 

survey was answered by 61 developers and managers, and then we interviewed a further 

12 developers in detail. We wanted to better understand how these diverse end user 

human aspect issues are understood and addressed from an SE perspective. We asked 

specifically about end users’ age, accessibility needs, physical and mental challenges, 

language and technology proficiency, socio-economic status, gender, and cultural 

differences. Some of the key reasons given by respondents why they found these aspects 

challenging to address include the broad range of the end user human differences 

that exist and have to be catered for; the different languages and range of comfort with 

technology of different user groups; different problem-solving styles of many end user 

groups; complexity of user interfaces in many application domains; and differences in 

terminology used, digital literacy, and the need to carefully consider text and icon usage 

for many target end users [11]. We asked developers what would help them improve 

development of their software to better address some of these diverse human aspects. 

Examples reported include better requirements capture and human aspect modeling 

support; providing developers with better guidelines and practices to follow; better 

design frameworks and tooling to address a greater range of end user human aspects; 

development tools that automatically prompt and advise on missing end user human 

aspect issues in designs and implementations; simpler interfaces in software for many 

end user groups; more live testing with representative end users, including more diverse 

participant recruitment approaches; better defect reporting to enable end users to more 

easily report problems; the need for better development processes to improve target end 

user involvement; and a need for better education of software engineers about diverse 

end user human aspects.

Survey 2 – Human aspects impacting software engineering activities: As with 

diverse end user requirements heavily impacting software engineers, RE activities 

themselves are some of the most human-centric activities in SE. We chose to conduct a 

study aimed at exploring the influence of human aspects on RE activities. We conducted 
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a survey with 111 software practitioners, applying a mixed-methods approach to 

analyze both the qualitative and quantitative data collected [15]. Key findings include an 

acknowledgment of the influence of human aspects on the performance of practitioners 

involved in RE activities; motivation, domain knowledge, attitude, communication skills, 

and personality were seen as some of the most significant human aspects impacting RE 

activities; differences in personality were seen to influence RE activities; and motivation 

factors include team collaboration, personal satisfaction, customer engagement, 

communication skills, and individual interest. We also identified a set of human aspects 

that were seen to reduce the effectiveness of individuals involved in RE activities. These 

include communication issues, inadequate domain knowledge, customer/stakeholder 

nature, team behavior, and management issues. We are now conducting an in-depth 

study into personality and motivation issues with two software teams.

Data analysis 1 – end user app review analysis: We wanted to better understand 

the deficiencies end users of software report, which could lead to improving its design 

and implementation. We analyzed human-centric issues reported in COVID-19 apps 

[6] and classified the human-centered problems end users encountered into several 

different kinds, including age, disability, emotions, gender, language, location, privacy, 

socio-economic status, and others. We found of the 2,611 manually analyzed app 

reviews, 716 identified human aspect–related issues. Over 50% said the human value of 

privacy was an issue, 14% user’s geographic location, 11% socio-economic status, 11% 

language aspects, 5% emotion, and 4% age. However, these figures did vary a little for 

different COVID-19 apps from different countries [6].

Data analysis 2 – GitHub human-centric issues analysis: Contrasting with the 

preceding end user app review analysis, we wanted to find out how developers actually 

discuss the impact of diverse end user needs on SE work. We conducted an analysis of 

1,691 issue comments from 12 diverse projects on GitHub, ranging from small to large- 

scale projects, including projects designed for end users with special needs, for example, 

visually impaired and dyslexic users [23]. Our analysis revealed that there are a wide 

variety of human-centric issues being discussed in these repositories. We categorized 

the human-centric issues into eight categories: inclusiveness, privacy and security, 

compatibility, location and language, preference, satisfaction, emotional aspects, and 

accessibility. Some categories, such as inclusiveness, cover several other human aspects, 

for example, age, gender, and culture. There is also an overlap between some categories 

and technical-related issues, such as compatibility. We found that privacy, satisfaction, 

and user preference categories were very commonly discussed in these repositories, 

whereas there was a limited discussion of accessibility and emotional aspects. Based on 
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the analysis, human-centric issues were found to be different across different projects, 

and unexpectedly, projects designed for end users with special needs, for example, 

visually impaired and dyslexic users, and the ones with large-scale end users, for 

example, Firefox, have limited discussions of human-centric aspects, specifically in 

accessibility and inclusiveness categories!

 Progress Addressing the Challenges
We discuss a few of our recent studies looking to study specific human aspects or small 

numbers of them, their impact on software engineers and/or end users, and how we can 

address some of the challenges of human-centric issues on SE highlighted previously.

End user age – age bias and ecommerce software: Our app review analysis and 

survey of software engineers indicated aging users have very different needs from many 

younger users. We conducted a study on how people from different age groups behaved 

when they used ecommerce applications [33]. Following the InclusiveMag methodology 

[34] – a meta-method to increase software inclusivity in underserved populations – we 

identified specific requirements for ecommerce sites for people of different ages. This 

involved three steps – (1) scope, describing facets of older people using ecommerce; 

(2) derive, developing personas from the facets; and (3) apply, testing the personas 

using a cognitive walk-through [31] – with two ecommerce applications. Personas 

were developed from evidence-based facets [2, 30, 36, 37] and interviews with people 

(n = 24) from four different generations: Generation Z and Generation Y (combined, 

born 1981–2002 but not including those under 18), Generation X (born 1965–1980), 

Baby Boomers (born 1946–1965), and the Silent Generation (born 1928–1945). The 

personas that were developed were a general user and an elderly user as there was a 

clear distinction between the Silent Generation and younger users. Interestingly, all 

ages found ways to mitigate risk, another common facet when using ecommerce [2]. 

We performed a cognitive walk-through with the personas using Amazon (amazon.

com) and Alibaba (alibaba.com) and found the elderly persona struggled to use 

both. These results demonstrate potential age bias against older people when using 

ecommerce applications. This is of particular concern given the increasing use of online 

ecommerce and especially during the COVID-19 pandemic lockdowns when at times 

it was the only way to buy essential items [8].We are working on development of a new 

age inclusiveness Magnifier (“AgeMag”) to help identify age bias within ecommerce 

applications.
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End user physical and mental challenges – augmented reality browser plug-ins: 
Our GitHub discussion analysis and survey of software engineers both suggested that 

many software engineers struggle to understand challenges of end users different from 

themselves, especially those with physical and mental differences. A popular approach 

to improve developer empathy for these diverse accessibility challenges is “augmented 

reality” (AR) browser-based plug-ins – the attempt to mimic how a user with a particular 

challenge or set of challenges will view and interact with a target website. We conducted 

a survey with 30 developers to understand current usage of these plug-ins and found 

that while more than 60% of participants tried to ensure accessibility in different stages 

of the software life cycle, only 15% used plug-ins to understand end user challenges. 

They agreed that more end user involvement is needed to create empathy and explained 

that they would be more inclined to use these plug-ins if there were more awareness, 

better training, and better support. To explore the current status of these plug-ins, we 

analyzed popular plug-ins and conducted a heuristic evaluation with a commonly used 

plug-in, Funkify, with banking, ecommerce, and social media web applications [7]. Our 

evaluation showed that tools such as Funkify elicited the desired empathetic response, 

were easy to use, and offered flexibility and customization across a wide range of 

disabilities. However, these can be improved to cater to users with multiple challenges, 

add in more disabilities such as autism and hearing impairment that are harder to mimic 

than low vision or color impairment, and support sharing of content between developers 

for repeat testing [46].

Developer emotions – developers responding to requirements changes: Our 

survey of software engineers indicated their emotional responses to requirements 

challenges are diverse. We carried out an in-depth study on the emotions experienced 

by 201 practitioners as they responded to requirements changes [28] using a mixed- 

methods approach. One of our key findings was that participants reported feeling highly 

pleasurable emotions (e.g., enthusiasm, increased energy, inspiration) more commonly 

than less pleasurable emotions (e.g., anger, anxiety, fatigue). Individual practitioners, 

the team, the manager, and the customer were identified as the stimulus that triggered 

the emotional responses to requirements changes. Finally, the emotions of practitioners 

were seen to vary with the stages of the requirements handling, across receiving, 

developing, testing, and delivering requirements changes. Critically, we identified that 

introducing last-minute requirements changes close to a deadline was seen to violate the 

developer’s emotional well-being. We developed a set of practical recommendations for 

practitioners and researchers, including an emotion-centric decision guide for when to 

introduce and accept requirements changes.
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Developer gender – gender bias in SE job advertisements: Our surveys of 

software engineers tended to confirm that SE remains a male-dominated workforce. 

One potential reason we speculated could be the way job advertisements are designed 

is biased toward male candidates [22]. Preliminary research conducted with software 

engineers and hiring managers indicated that is indeed the case. Traditional word- 

based gender bias detection methods are somewhat inappropriate in the context of 

SE. Based on the recommendations made by software engineers and hiring managers, 

we prepared a checklist to detect gender bias within job advertisements. We developed 

an NLP-based tool implementing the set of recommendations. In another study we 

conducted a broad-ranging survey of software engineers and prepared male and female 

SE candidate preferences, career goals, and job application behaviors. We represented 

these with personas to give hiring managers a better idea of diverse candidates while 

designing job roles. The personas can also be used to apply a cognitive walk-through 

to job advertisements to detect gender bias issues [22], based on the “GenderMag” 

framework [4].

 Key Lessons Learned from Our Studies
We summarize a range of lessons learned from conducting the preceding challenge and 

progress studies and highlight some actionable recommendations for practitioners and 

researchers.

Including challenged end users: When developing solutions for challenged end 

users, it is critical to ensure their engagement throughout the project, but it has always 

been difficult to find large numbers of participants. Traditionally the main reason 

was difficulties they face in traveling and sufficiently diverse users [39]. However, with 

COVID-19, lack of familiarity with online tools and lack of support from these tools for 

differently challenged users was a serious challenge. We faced difficulties when looking 

for sufficient participants with low vision, dyslexia, color impairments, and motor 

impairments for our requirements gathering and evaluation studies. As alternatives, 

we leveraged related work analysis, had discussions with disability unit managers, 

and conducted cognitive walk-throughs [18, 46] and simulated actual participants via 

personas [26]. While SE communities are familiar with these methods, the accessibility 

and HCI research communities can be quite negative about them. More work is needed 

to emphasize the complimentary value of these methods to solely using real end users.
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Recommendation: Use multiple, complimentary approaches to ensure diverse 

representatives of end users in development and studies.

Study recruitment: When researchers do requirements gathering, co-design, and 

evaluation with real users, it is critical to keep participants deeply involved throughout 

the research projects. Common methods to interact with participants include surveys, 

interviews, focus groups, and observations. However, during the COVID-19 pandemic, 

these methods could not be followed via traditional face-to-face or paper-based 

approaches. We had to adapt our recruitment methods to include more social media 

advertisements and recruitment via online events such as conferences, workshops, 

and meetups. We had to adopt remote engagement methods such as online interviews, 

online observations, and online surveys. These presented challenges, including Zoom 

fatigue, Internet traffic and connectivity issues, privacy issues in a digital environment, 

IT literacy issues, as well as missed opportunities created by the lack of face-to-face 

cues. Surprisingly, these methods seemed to have positive impacts on some studies 

since they created more equitable opportunities, reduced travel time, reduced anxiety 

for introverts, and provided equal-power relationships between researchers and 

participants.

Recommendation: Ensure flexible, human-centric recruitment and engagement 

approaches in studies and development.

Deep participant feedback: During our preliminary interview-based study on 

software practitioners’ responses to requirements changes [29], we faced challenges 

in eliciting participant’s responses about their emotions. Many people were not 

comfortable sharing details of their emotions, or how they felt, in a workplace context. 

In our follow up in-depth study [28], we revised our approach – a critical strategy was 

to share a list of emotions with them to pick, instead of starting on the proverbial blank 

slate. Using the job-related affective well-being scale (JAWS) [43] proved to be effective, 

as participants were able to select from options to capture their emotional responses. It 

was also helpful for us to categorize the responses into a coherent and finite set. vs using 

a fully open-ended response. The asynchronous and anonymous nature of the survey, 

as opposed to live face-to-face interviews, seemed to work better for eliciting responses. 

The effect of national culture on openness to share emotions at work (preliminary study 

of eight New Zealander and two Australian practitioners vs. in-depth study international 

in nature), and improved awareness of emotions and well-being due to work-from-home 

experiences during the COVID-19 pandemic, may also have improved quantity and 

quality of responses.
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Recommendation: Many projects touch on sensitive human aspects; these need care 

and alternative approaches to respect participant concerns and improve engagement.

Multidisciplinary teams: Our surveys and GitHub discussion analysis highlighted 

that human-centric SE needs to incorporate other disciplines into the development 

process, such as health, psychology, and sociology – areas that are increasingly 

utilizing technological solutions for human-centric problems. Multidisciplinary teams 

are becoming the norm, with representation from all stakeholders important for the 

final product development of human-centric software and including them in the 

development process. The use of “co-design” and “living lab” methodologies in health in 

particular puts the end users and the “experts” at the center of the development process 

to incorporate human aspects in the product [10, 38].

Recommendation: Multidisciplinary teams with expertise outside SE are formed 

and used.

Need for multidisciplinary theories and techniques: Our developer emotion, 

gender bias, and human-centric issues studies all involved varying amounts of 

qualitative data. Hence, selecting appropriate qualitative data analysis techniques 

was critical to deriving rich findings and insights. We applied the qualitative data 

analysis techniques from socio-technical grounded theory (STGT) such as open coding 

and constant comparison along with memoing [16]. It allowed us to reach beyond 

descriptive findings and formulate theoretical frameworks, taxonomies, researcher 

reflections, and practical recommendations to share with the software practitioner and 

research communities [15, 28].

Recommendation: Qualitative methods including socio-technical perspectives are 

needed when studying human-centered issues.

 Research and Practice Directions
In the following we briefly summarize some of the key research directions that we 

recommend be pursued to improve ED&I issues in SE.

Diversifying software teams: It has been shown that diverse teams perform better. 

In our investigation of gender bias within SE job advertisements, we found that gender- 

related bias also exists in computer science education and SE work environment [22]. 

To develop a gender-inclusive SE environment and gender-inclusive CS/SE education 

environment, we need to ensure the recruitment and career advancement process is 

gender inclusive. From the findings of our preliminary work with SE job advertisements, 

we also found that apart from gender, there are other biases relating to age, culture, 
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and English language proficiency of software engineers. To ensure an overall-inclusive 

SE work environment, more research is needed to identify these specific biases and to 

devise ways to alleviate them.

Recommendation: Further research into other biases in software teams is needed.

Supporting diverse software engineers: To be able to solve the needs of diverse 

users using software solutions, the software development teams themselves need 

to bring together people with a variety of skill sets, backgrounds, and technical and 

nontechnical expertise, for example, enabling end user software development using 

LowCode approaches accessible for users who are reliant on screen readers through 

a preliminary extension of an open source software, Node-RED [24]. More research 

is required to further investigate and analyze the accessibility of the existing software 

solutions, including end user–based tools, that is, LowCode approaches for users with 

visual impairments.

Recommendation: Ensuring diversity is supported and respected in SE teams is 

essential.

Impact of human aspects in different contexts: In the ecommerce and health 

domains, almost everyone is an end user, and therefore ehealth and ecommerce 

applications must be more inclusive. Underserved and under-represented populations 

are most at risk of harmful effects from the exclusion of human aspects including age, 

gender, culture, technical literacy, etc. [25], and underserved groups also have the 

highest burden of disease [27].

Recommendation: Research on how human aspects impact ED&I issues in different 

domains.

Under-represented end user human aspects in research: Our survey of developers 

and analysis of app reviews and GitHub and Stack Overflow discussions [11, 13, 23] have 

highlighted some end user human aspects whose requirements and design approaches 

to address are as yet little understood and addressed in SE. These include neuro-diverse 

end users; end users with low literacy and technology usage proficiency; addressing 

human values of transparency and honesty; motivational and engagement drivers 

in many domains; and – despite considerable research to date in other fields – aging 

and young end users. There is a pressing need for software engineers to be equipped 

with better guidelines, techniques, and tools to address these end users’ specific 

software needs.

Recommendation: Research on impact of many other human aspects on SE is 

needed, for example, cognitive differences, literacy, human values, and motivational 

differences.
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Adaptive Software for diverse end users: Most software is designed for the majority 

of users with homogeneous characteristics, often neglecting those in need of special 

features and support such as older adults, people from different cultures and languages, 

people with physical and cognitive challenges. For example, a red-green color-blinded 

person will face difficulties in separating red and green, a person with low vision will 

face issues in reading small symbols and text, while a Generation Z user would skim 

through most content at a rate of 4.4 seconds on every 100 words of text [40]. There are 

also culture-based different interpretations of color, for example, Chinese newspapers 

using green for negative stock values and red for positive [9]. Due to this inherent variety 

of human needs, a single design will not cater to audiences with distinct characteristics 

[20]. An approach we are using to address this is adaptive software. This allows users 

to define their own preferences and the developer to support adaptivity of the user 

interface and workflows accordingly. We have explored adaptive user interfaces in detail 

for color-blind, low-vision, and dyslexic users [26] and plan to explore other human 

aspects and software features.

Recommendation: End users are very different – we need better approaches to 

adapting actively to their needs, not them to software.

Impact of developer empathy and culture: Our surveys demonstrated many 

differences between most developers in understanding their end users. While AR/VR 

tools assist in supporting developers in understanding such differences, better support 

is needed. We need to explore yet more human and socio-technical aspects, such as role 

of culture – as an amalgamation of organizational, team, and individual culture [17] – in 

SE/RE activities, practices, and roles.

Recommendation: Researching the role of empathy in developer and end user 

interactions and understanding how developers view the role of ethics are essential.
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Ethnic diversity is the expression of diversity one finds within a single entity (a business, 

a team, a community, or a country). A person’s ethnicity usually includes beliefs, 

nationality, and language and gives the person a distinct sense of belongingness among 

a group [17]. Diversity means including or acknowledging people from a wide range of 

backgrounds. The existence of people from various ethnic and cultural backgrounds or 

identities is referred to as ethnic diversity. Ethnic-racial diversity is important because 

people should have a commitment to evaluate their personal biases and stereotypes in 

order to facilitate collaboration and cooperation[1]. If someone only cares about their 

core beliefs and cultural identity, people will not work together to benefit the common 

good. There must be a common understanding and willingness to push society forward 

for the benefit of everyone. For this reason, diversity in IT and software development 

teams is a topic that has attracted the attention of researchers and organizations, who 

seek to understand the benefits and challenges that diversity can provide [21].

There is an increasing debate about ethnic diversity in IT and a broad body of 

research demonstrating the importance and effectiveness of diverse teams as being more 

innovative and more productive and directly impacting the business rules of companies 

[Chapter 21, “Bringing Diversity in Software Engineering Education from the Middle East 

and Africa,” Chapter 29, “Strategies for Reporting and Centering Marginalized Developer 

Experiences” [7]]. For example, studies on diversity in software engineering indicate 

https://doi.org/10.1007/978-1-4842-9651-6_3
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that the efficient use of talent from diversity groups can play an active role and benefit 

organizations in terms of competitiveness, performance, economic growth, and social  

development [8, 10, 13, 21, 24, 26]. According to Patrick and Kumar [18] and Mujtaba 

[15], diversity among employees tends to make the business environment conducive to 

serving external customers, in addition to promoting positive publicity for the company.

In terms of benefits for companies, other indicators can be mentioned such as the 

use of different experiences to add a different perspective, increasing the number of 

solutions to be developed [23]. In addition, diverse environments tend to promote the 

development of more robust final products and develop solutions to more complex 

problems [4, 25]. It is noticed that software development companies tend to increasingly 

observe the importance of diversity and inclusion in software development teams. As 

a result, they seek to implement diversity management models to enhance the positive 

effects of this inclusion. However, the benefits and challenges of including diversity in IT 

are not only related to organizations, universities, and companies; they also permeate 

among the people who make up the diversity groups. Through the accounts of diversity 

groups, such as ethnic-racial diversity, we can observe that social issues (e.g., the way 

people interact with each other based on their culture), for example, have a profound 

impact on the inclusion process, whether in the educational environment or in the 

industry.

The purpose of this chapter is to share how ethnic-racial diversity has been explored 

in software engineering literature and related areas. To achieve this objective, we carried 

out a systematic mapping of the literature. According to our results, we observed that 

the field of research on ethnic-racial diversity in IT is rich and complex. The number of 

papers found demonstrates that this is a research topic of recent interest in the field of 

computing. The papers found are divided into reports of personal experiences lived in 

academia or industry, reports of experiences in educational programs aimed at teaching 

programming, and the management model of inclusion of ethnic-racial diversity in the 

industry.

We also observed that few papers are dedicated to carrying out a broader discussion 

on the origin of the problems and challenges that impact ethnic-racial diversity groups, 

and there are no definitions about ethnic-racial diversity groups or even consensus on 

which terms define such groups.
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 Ethnic-Racial Diversity
Boukreris et al. [3] observed that the idea of diversity conveys the notion of variety, 

difference, and opposition. According to Page [17], diversity can be understood in two 

groups: identity and cognitive diversity. Identity diversity is characterized by other 

subgroups such as gender, ethnicity, religion, sexual orientation, culture, and other 

social markers. Cognitive diversity differentiates individuals based on their intellectual 

capacity.

Debating only about diversity in its general sense can result in distancing or even 

erasing the various groups that help compose this diversity. Therefore, identifying which 

diversity groups we are referring to and discussing the aspects that characterize them is 

essential to obtain a more accurate understanding of the data that are raised in relation 

to the diversity groups in question.

Within the identity diversity groups, we can infer ethnic-racial diversity. Ethnic- 

racial diversity according to Gomes [9] is the way in which some intellectuals refer to the 

black segment (formed in Brazil by black and brown people). According to the author, 

the term ethnic-racial comprises the multiplicity of dimensions and issues that involve 

the history, culture, and life of blacks in the African diaspora1 (like Brazil), in addition to 

physical characteristics and racial classification.

For Gomes [9] the ethnic-racial expression has been adopted within the theoretical 

and political contexts, trying to end the impasse and dichotomy between the concepts 

of race and ethnicity to refer to the black segment. The author also adds that, for an in- 

depth understanding of ethnic-racial relations, one must consider the identity processes 

experienced by the subjects, that is, the way in which they observe themselves, identify 

themselves, and talk about themselves and their ethnic-racial belonging.

In this work, we chose to use the term ethnic-racial diversity to refer to the black 

population, whether in African countries or in their diasporas, regardless of the form 

of composition of this group in each country of the diaspora, for example, in Brazil it is 

composed of black and brown people. We also use the term black people, when we see 

it necessary to give greater emphasis to the ethnic-racial diversity group we are referring 

to. Thus, in the next section, we will reflect on the need to debate the nuances of ethnic- 

racial diversity within IT.

1 The African diaspora is the name given to a phenomenon characterized by the forced 
immigration of Africans to other countries. These countries are now called African diasporas.
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 The Challenges of Ethnic-Racial Diversity: 
A Necessary Conversation
In Brazilian society, there exists the “myth of racial democracy,” an idea that suggests 

that all white people and non-white enjoy exactly the same rights and privileges. 

Besides that, this does not consider the currently embattled for the social rights of the 

non-white population. However, there is some progress about the matters of increasing 

public politics to fight against racial inequality. According to Ribeiro [22] (translated by 

the author)

The path to change is complex, but reality is not immutable. The strength-
ening racial consciousness has been an important element in this construc-
tion. Ethnic-racial education is an important aspect for the realization of 
democracy. In the 21st century, the State must accelerate the process of 
inclusion, based on racial policies, as a focus of social justice.

—Matilde Ribeiro

Among the issues that are deepened by the myth of racial democracy is racism. 

The issues born of racism exist and are huge. They are related to all structures of 

society: economic, political, social, cultural, historical, and religious. However, racism 

does not act only in the field of structures; it creates ways of being and thinking, it is 

systemic, and, therefore, it determines the actions of individuals insofar as it defines and 

impregnates culture. Among the problems intensified by racism are the few or inexistent 

opportunities for blacks in certain sectors of society and the prejudices, arising from 

stereotypes, built on black bodies and reinforced by structural racism2:

The stereotypes are mental plans from the cultural process of classification 
of pieces of information. But, this categorising is formed by the perception 
of social rules explicit and non-explicit, and about this point there is a cor-
relation between the inconscient and the racism.

—Adilson José Moreira [14] (translated by the author)

2 Structural racism is a set of institutional, historical, and cultural discriminations and practices 
within a society that often privileges some races to the detriment of others (our translation) [2]. 
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The technology sector also has some prejudices about why certain bodies are more 

or less frequent within this space, for example, some gender and ethnic-racial prejudices 

try to explain that women are naturally less interested in the area of technology or that 

certain cultures and countries have more aptitude for the sector [5, 12]. These biases 

exclude from the analysis the necessary incentive for people to decide for a certain area 

and link the justification of the natural to the choices made [6, 11].

According to the Stack Overflow annual survey conducted in 2022, with more than 

69,000 users working in the technology sector in the programming area, about 1.49% 

of people declared themselves to be black in the question about race and ethnicity. 

However, the response related to the white option represents about 40% of users, 

followed by the European option, about 37%. The other options appear below 10%. 

Given these results, it seems that the population within the programming area is mostly 

white, according to Stack Overflow. It is therefore observed that analyzing the low 

participation of black people in the technology sector through the lens of meritocracy is 

a mistake. Because to understand that racism is the main illness that prevents the access 

of black people to the spaces that they can occupy, mainly from the filter of culture, is to 

understand the dynamic, renewable, and conflictive character of racism.

Therefore, reflecting on these and other challenges faced by the black population is 

essential to devise intentional actions to face these challenges and promote abundant 

ethnic-racial inclusion in the area of technology, because from these reflections, 

we no longer understand the number of black people in technology as a matter of 

aptitude and choices, but as the result of a series of combined factors that resulted in 

few opportunities for a population that, only in Brazil, constitutes themselves like the 

majority of the population. In the next section, we present the methodology used for the 

development of this work.

 Research Methodology
For the development of this systematic mapping, we used the guidelines provided 

by Petersen et al. [19]. The objective of this mapping is to identify how ethnic-racial 

diversity is being considered in software engineering research. As a result, the following 

research question (RQ) was defined:

• (RQ) What studies have been published on ethnic-racial diversity in 

SE, and what are their challenges?
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According to Petersen et al. [19], to start the systematic mapping, it is necessary to 

define the scope of the research, which includes the definition of research questions and 

identification of keywords. The keywords defined were software engineering, software 

development, software developer, race, ethnicity, geography, socioeconomic status, 

ethnic-racial, and racism. We also tested the search string using keywords such as people 

of color and black people, but the results did not change.

We chose to search in electronic databases that met the following source selection 

criteria: databases that include articles from related journals and conferences in the 

respective context of this research, databases with an advanced search engine that allows 

you to filter the results by keywords that address the search questions, and databases 

that provide access to full articles written in English.

Based on these criteria, the following databases were selected: ACM Digital Library 

(DL), IEEE Xplore, and Scopus. The search string has been adapted for each database 

according to the search functionality offered by it. In parallel, a list of control articles was 

generated, used as a way of validating and guaranteeing reliability and relevance and 

evaluating the research sequences.

The search string was formulated according to combinations, variations between 

keywords, and some characteristics of these words. The end result was as follows:

(“Software Engineer” OR “Software Developer” OR “Software 
Development”) AND ( “Ethnicity” OR “Racial” OR “Ethnic” OR 
“Socioeconomic Status” OR “Ethnic-Racial” OR “Racism”)

For this string, no time restriction was applied, since the focus was to understand 

when ethnic-racial diversity is a subject for research in the area of software engineering. 

The keyword “socioeconomic status” was selected due to the observation in previous 

papers that some articles, when analyzing the socioeconomic issue of people in 

technology, have the black population as a research group.

The inclusion and exclusion criteria were defined to optimize the filtering of the 

results obtained, executing the search sequence in the chosen databases, such as 

follows:

Inclusion criteria

• The terms defined for the search or by similarity with the subject

• Articles from academic journals, conferences, and workshops

• Works written in English
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Exclusion criteria

• Keywords and abstracts that are not focused on software engineering 

or related areas

• Articles that are not focused on software engineering or related areas

• Conference proceedings, courses, standards, panels

• Study format not in pdf or not available

• Articles that do not deal directly with the black population, that is, 

that do not analyze this population and its nuances

• Articles that only mention ethnic-racial diversity among existing 

diversity groups

After the initial query, we reviewed the results to determine which results should 

be included in the analysis based on the inclusion and exclusion criteria. A two-step 

process was followed to identify the set of papers in scope of the review: The abstract 

of each paper was reviewed to determine whether it should be considered further. This 

resulted in a further reduction in the number of papers to consider further. In some 

cases, it was unclear from the abstract as to whether the paper met the inclusion or 

exclusion criteria in which case it was categorized as a Maybe and taken forward to the 

next step. Subsequently, the full paper was briefly read to consider whether it should be 

considered further. In some cases, a discussion took place between us two authors to 

decide whether to include the paper.

Each paper was then read in its entirety and classified according to the target 

audience and search field. After that, we identified common themes for each paper and 

summarized the main results. In the next section, we present the results obtained from 

the implementation of this methodology.

 Findings
In this section, we present the results of the systematic literature mapping. We selected 

11 papers that we accepted based on the acceptance criteria defined for this work. The 

string used to find these articles was applied in August 2022 to the following search 

databases: ACM Digital Library, IEEE Xplore, and Scopus. The number of papers found 

through the string and selected can be visualized in Table 3-1. We analyzed the general 
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themes of each paper, the target audience within the ethnic-racial population, whether 

the field of research was academia and/or industry, as well as the territories on which 

the papers were addressed, that is, if the reported experiences were about countries 

on the African continent or its diasporas. The accepted articles can be observed in 

Table 3-2.

Table 3-1. Papers per electronic database

Source Initial Selection Accepted

aCM Dl 792 25 9

ieee Xplore 135 3 1

scopus 42 2 1

total 848 30 11

During the information extraction phase, we read the 11 papers to analyze and 

classify them according to the research question. We note that most of the papers 

are recent, and therefore it is suggested that it is a topic on the rise. We created 

a classification scheme to present the results according to extracted data. Such 

classifications were territory, target audience, and research field. Due to the number of 

papers found, we believe that the analysis of articles based on these indicators will help 

us obtain a greater understanding of how research on ethnic-racial diversity in the area 

of computing is being conducted.

We observed that, regarding the territory indicator, 100% of the articles dealt with 

cases and experiences in African diaspora countries, such as Brazil and the United States 

of America. Only P11 spoke of experiences in African countries beyond their diasporas. 

The other classifications can be observed in Tables 3-3 and 3-4. Some themes appeared 

in more than one article in different ways, such as the insertion of black people in the 

area of computing, whether in academia or industry, challenges related to stereotypes 

within the area of computing, opportunities and challenges to remain in the area, and 

racism. In the next section, we will analyze the data extracted from these articles and 

reflect on the challenges and opportunities they present.
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Table 3-2. List of accepted articles

Study DL Title Authors Source Year

p1 aCM towards a Model for Managing 

Diversity and inclusion in 

software Development teams

Michele Miranda and 

rafael prikladnicki

sBes ’20 2020

p2 aCM Better late than never: 

exploring students’ pathways 

to Computing in later stages of 

College

Kathleen J. lehman, 

annie M. Wofford, 

Michelle sendowski, 

Kaitlin ns newhouse, 

and linda J. sax

sigCse ’20 2020

p3 aCM i Can’t Breathe: reflections 

from Black Women in CsCW 

and hCi

sheena erete, yolanda 

a. rankin, and Jakita 

o. thomas

CsCW3 2021

p4 aCM Black Men in it: theorizing an 

autoethnography of a Black 

Man’s Journey into it Within the 

United states of america

Curtis C. Cain and 

eileen trauth

sigMis 2017

p5 aCM the intersectional experiences 

of Black Women in Computing

yolanda a. rankin and 

Jakita o. thomas

sigCse ’20 2020

p6 aCM Characterizing the social 

ties Between Black and tech 

Communities on twitter

Marisa vasconcelos, 

priscila rocha, Julio 

nogima, and rogerio 

paula

Websci ’22 2022

p7 aCM information systems in 

the Community: a summer 

immersion program for 

students from historically 

Black Colleges and Universities 

(hBCUs)

Jeria Quesenberry, 

randy Weinberg, and 

larry heimann

sigMis-Cpr ’13 2013

(continued)
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Table 3-2. (continued)

Study DL Title Authors Source Year

p8 aCM african american Males 

Constructing Computing identity

Betsy James Disalvo, 

sarita yardi, Mark 

guzdial, tom McKlin, 

Charles Meadows, 

Kenneth perry, and amy 

Bruckman

Chi ’11 2011

p9 aCM What is a Computer scientist?: 

Unpacking the ontological 

Beliefs of Black and hispanic 

female Computing students

Jake lopez, Monique 

ross, atalie garcia, and 

Carolina Uribe-gosselin

sigCse 2022 2022

p10 ieee on the relationship Between 

the Developer’s perceptible 

race and ethnicity and the 

evaluation of Contributions in 

oss

reza nadri, gema 

rodriguez-perez, and 

Meiyappan nagappan

ieee transactions 

on software 

engineering

2022

p11 scopus Black professional 

Communicators testifying to 

Black technical Joy

antonio Byrd technical 

Communication 

Quarterly

2022

Table 3-3. Classification by target audience

Target Audience Paper

Black women p3, p5, p9

Black men p4, p8

Black population p1, p2, p6, p7, p10, p11
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Table 3-4. Classification by search field

Search Field Paper

academia p2, p3, p7, p8, p9

industry p1, p6, p10, p11

academy and industry p4, p5

 Analysis of the Results
According to the results presented in the previous section, we obtained three 

classifications of indicators: territory, target audience, and research field. However, 

there was an intersection of categories as we analyzed the data. Regarding education 

and the academic environment, the papers found (P2, P3, P7, P8, P9) observe issues 

related to access to higher education in computer courses, challenges related to student 

permanence such as dropout rates, training rate, and entry into the labor market. The 

paper P2 observes the entry of women and black people in the field of computing after 

their experiences in other fields of studies, due to not seeing themselves as computer 

scientists given questions of stereotypes about the area and their identities. The papers 

P3 highlights the violence that black academics suffer. Still on the field of education, 

some works, in addition to mapping the number of black people in computing, 

make suggestions for educational actions to increase the insertion of black people in 

computing or their permanence in the area. This is the case of studies P7 and P8, which 

suggest summer programming courses for African-American students or specifically for 

black men.

As for the studies that refer to the research field of industry (P1, P6, P10, P11), 

we observed that the issues related to insertion and permanence reported to the 

academic research field remain. The paper P10 looks at the nuances related to accepting 

contributions to OSS projects in relation to ethnic groups such as black people. 

The authors state that specific diversity factors related to race, personality, gender, 

geographic location, and other social markers can affect the acceptance or rejection of 

pull requests. Also according to the authors, there are differences in the acceptance rate 

of work pull requests between groups of different ethnicities. P11 also notes that the 

field of computing in recent years, through higher education and code bootcamps, has 

realized the promise of social mobility, which for a historically marginalized population 

is a breath of hope about individual achievements.
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The papers P4 and P5 note that whether in academia or industry, the proportion 

of black people in technology is staggeringly low. P4 highlights that black men in the 

United States of America have a strong inclination toward technology during their youth, 

but this identification does not advance toward professionalization and performance in 

the technology market. This mismatch may occur because black students are historically 

considered academically inferior when compared with white students and are more 

likely to attend schools that are poorly equipped with resources that contribute to 

providing a quality education. The paper P5 highlights that, although there is an effort to 

include women in the field of computing, the number of black women who benefit from 

these policies is still low.

A common aspect found in the articles selected through the mapping is the report 

of the low insertion of black people in the computing area. The authors of P10 highlight 

the experience within the OSS community regarding submitting and correcting code for 

OSS projects. Among their results, they note that the number of black people developing 

software is 0.1% out of a total of 6.8% of developers on the GitHub platform. They 

found that 0.13% of contributions sent to OSS projects on GitHub were made by black 

people and that nontechnical factors related to code quality such as developer ethnicity 

influence the evaluation result, for example, raising the acceptance rate of contributions 

from white people between 6 and 10% and that contributions from developers in 

Asia and Africa are about 7 and 16% less likely to be accepted when compared with 

contributions from senders in North America. Also according to the authors, people of 

the same ethnicity are more empathetic in correcting the codes of their peers.

In certain studies (P2, P4), it is observed that the authors do not understand the 

insertion of black people either in the field of academia or industry, related only to 

factors of personal interest or better aptitude (reinforcing the idea of merit). Some 

works reinforce that there are social factors that influence the participation of black 

people in the field of computing, such as the issue of stereotypes. According to the 

study P4, among the many stereotypes aimed at black people are those that black 

men are aggressive and that black people in general are superstitious, lazy, carefree, 

aggressive, intellectually inferior, ostentatious, active in sports, artistic, and poor 

academic performers. In this sense, it is vital to combat this racism and stereotype for the 

broad participation of black people in various spaces of society, including computing. 

According to P8 people are more likely to identify with something if they perceive it to 

be the norm in their social group. However, the stereotype of the dominant group that 

makes up the field of computing is non-black people.
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Another important analysis refers to the intersectionality of gender and racial issues. 

Works that address the racial issue focusing on black women deal with other elements 

related to female gender oppression combined with racism, which affect black women 

in all structures of society, whether by their gender or racial peers. This intersectionality 

that racism and gender oppression provoke not only pushes away the ideal of equal 

treatment but strengthens projects of domination, forming various social hierarchies. 

According to the authors of the article P3, even among black women with higher levels 

of education and employment, there is a wage gap, greater stress, and depression 

in relation to, for example, white women. According to the authors, “Being black in 

computing is an act of resistance to the dominant culture that denies our existence and 

refutes that racism exists even within the ‘meritocracy’ of computing.”

The use of self-ethnography to report personal experiences both in academia and 

industry by black people stands out (P3, P4, P5). According to the authors of papers P3, 

P4, and P5, self-ethnography and testimonial authority are methodological approaches 

little used in the area of computing, but which, however, are rich sources of reports and 

observations from an epistemic agency to witness lived experiences, because, according 

to the authors, there is no separation between academic or industrial life and systemic 

oppression, which is reflected in the absence of better opportunities and low wages. The 

area of software engineering is a fertile field of recognition of studies of this nature as 

legitimate research and a catalyst for social change. This methodological approach sees 

black people as subjects of rights and in the production of the study.

Other analyses are still possible from these results that could not be included in 

this chapter, and, mainly, new research should be carried out in order to deepen the 

discussion of this topic. In the next section, we present our final remarks.

 Final Considerations
Discussing ethnic-racial diversity is a challenge that begins with the definition of terms, 

especially when the group is composed of black people. Understanding the constitution 

of the black, the factors that imply in self-identification are disciplines that are beyond 

the scope of this work, although without them it is impossible to demonstrate the 

complexity and richness of the subject. We observed, for example, that the paper P10 

reports on the difficulty that developers have with self-declaration when it comes to 

the black segment, which makes it difficult to accurately express the amount of this 

population within the area. Even so, although there is this complexity in the definition 
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of the term, according to the papers selected for this study, it was evident that the black 

population is smaller in quantitative terms within the area of software engineering 

compared with other ethnic groups, mainly that of white people.

We observed that there is an understanding that ethnic-racial diversity is important 

within the area of technology and that the factors that hinder the greater insertion of 

this group in the area of computing break the veil of meritocracy and personal aptitude, 

giving rise to other analyses such as stereotypes, racism, power relations in society, the 

myth of racial democracy, and meritocracy, which are grounded by structural racism.

Among the limitations of this work are the possible amounts of keywords that can 

return relevant papers on the topic. As it is a recent field of research, it is observed that 

the community is still learning to define and use the best terms to deal with ethnic-racial 

diversity within IT. Another limitation is the local theoretical framework. In Brazil there 

are renowned researchers who are exponents of research on ethnic-racial diversity 

that drive the debate in society and the creation of public policies, but who however 

politically choose to write their works in Portuguese. Therefore, the research that 

researchers in IT have taken on the task of carrying out, investigating in an increasingly 

profound way the origin of the problem of the insertion of black people in computing, 

the actions of reparative policies, and the generation of opportunities through the state 

and the industry that aim to mitigate this problem, combined with anti-racist actions, 

can play a very important role in the fight for more diversity in the area of computing. 

This can be seen already with a significant discussion on gender diversity, and we do 

believe that bringing the ethnic-racial diversity discussion to the same level is really 

important. And starting that was the main goal of this chapter.
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November 2, 2022, a month before we received the first reviews on this chapter. Michelle 

was an amazing person and researcher. Her PhD was exactly on the topic of this chapter. 
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Most of what I’ve learned about diversity and inclusion in the past four years was by 

interacting with her, a black woman that made a difference and raised the awareness of 

this important topic. She has contributed significantly to this work, and for this reason 

and as a dedication to her memory, she remains as the first author of this chapter.
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Women1 face many challenges in the tech industry. Implicit gender biases significantly 

impact hiring decisions, women disengage with technology faster than men, women are 

often less likely to get their code accepted, and tools, processes, and even education are 

not inclusive [1]. A direct outcome of these biases is that women represent less than 24% 

of the employees in the software development industry, with an even further imbalance 

in participation in Open Source Software (OSS) projects (around 10%). The software 

industry lacks equitable participation conditions, exacerbating the gender imbalance of 

those who shape technology.

Reducing the gender gap requires not only attracting but also retaining women in 

tech. Implicit biases, including sexist behavior, pervade the software industry and create 

a “glass floor” – a persistent barrier to enter the tech world. Even when women break 

through this barrier, they face sociocultural challenges due to the hostile social dynamics 

in their daily work. Instances of women needing to hide their gender in their profile, 

stopping their contribution to an OSS project, leaving their jobs in the software industry, 

1 In this chapter, we use the term “gender” as a socially constructed concept, where gender 
identification, display, and performance might or might not align with a person’s sex assigned 
at birth. To reflect this social concept of gender, we use the term “women” and “men” as a 
shorthand for people who self-identify as such.
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or altogether giving up on the technology area are unfortunately frequent occurrences. 

Even in companies and communities that care about diversity and inclusion, 

sociocultural problems are prevalent.

Through a systematic literature survey of 51 studies [14] and an empirical study 

with software developments teams from a global ICT company [15], we identified seven 

types (Figure 4-1) of challenges that women face and eleven actions that companies and 

communities implement to overcome them. In the following, we present some findings 

reported in this literature.

 Challenges

Lack of peer parity: An imbalance in gender diversity makes it difficult for women to 

succeed. Women report frustration at being outnumbered and invisible in men- 

dominated groups. As men and women have different norms for socialization, the lack 

of peer parity, role models, and role stereotyping further degrades their self-confidence 

[14]. On the other side, the literature says that women who experience peer parity engage 

faster with the project or community [6].

Toxic culture: Microaggressions and sexist behavior are not uncommon in tech. 

Besides having their voices suppressed in technical discussions, women are subjected 

to various diminishing comments, such as that their inclusion in the team is a result of 

Toxic
Culture

Prove-it-AgainImpostor
Syndrome

Maternal Wall Glass
Ceiling

ToxicTT
Culture

Prove-it-AgaImpostor
Syndrome

Work-Life
Balance
Issues

Lack of 
Peer Parity

Figure 4-1. Challenges reported by women in companies [14] and OSS 
projects [15]
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diversity initiatives and not a reflection of their skills or capacity [14]. Despite proving 

their competency in their code/project areas, women are rarely asked their opinion [16]. 

In a recent survey [4], about one-third of the women contributors reported experiencing 

written or spoken language that made them feel unwelcome in OSS interactions. 

Discriminatory expletives, swear words, and negative critiques often used in code 

reviews and mailing lists are particularly insulting to women. Even finding mentors can 

be a challenge, since upon discovering their mentee’s gender, men mentors can treat the 

relationship as a dating opportunity.

Impostor syndrome: The hostile toxic culture that often pervades tech communities 

leads to those in the minority doubting their abilities. Impostor syndrome, wherein 

individuals struggle to internalize their accomplishments, results not from an 

individual’s inadequacy, but from systemic oppression [5]. Despite being knowledgeable 

and professionally well-settled, women may be more reluctant to publicly display their 

work and speak out in meetings and may create fake accounts to hide their gender when 

they are new to an online community.

Prove-it-again: Women report the need to repeatedly show competence and expend 

extra effort to be heard when competing with men. Despite accomplishing exceptional 

work, women feel they need to prove themselves once again when receiving a task that 

is considered more important or risky and when there is someone else overseeing their 

work to guarantee that it will be done. Women in tech also feel they have “no room to slip 

[up]” [14]. Prove-it-again involves constantly providing more evidence to demonstrate 

competence.

Maternity wall: The maternity wall is a common stereotype faced by women and 

describes the experience of mothers whose coworkers perceive and judge them as 

having made one of two choices: to continue to work and neglect their family or to 

prioritize family over work, making them less reliable in the workplace. Thus, when 

women in tech have children, they tend to receive fewer responsibilities. Given the 

common belief (stereotype) that mothers are not capable of handling much work, 

women sometimes “surprise colleagues that they are able to handle it all.” This is clear 

in cases when women are asked to step down from their roles after returning from 

maternity leave [14].

Glass ceiling: The glass ceiling describes a corporate world phenomenon in which 

minorities’ access to top-management positions is blocked by tradition or culture [9]. 

It is an invisible structural barrier that prevents minorities from career advancement 

[11]. In addition to the gender wage gap, women often report feeling that they have 

nowhere left to climb in the ladder, working harder to achieve the same positions 
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as men while having their ambition discouraged. Moreover, women report they are 

disproportionally unsupported to reach higher positions because corporate politics 

are played by men and men lift only their counterparts to the top [14]. The barriers to 

future career opportunities discourage women from continuing in the tech industry. For 

example, studies have found women’s participation to drop from 14.2% (participants of 

Google Summer of Code) to about 4.3% as core developers in OSS; that is, they are better 

represented earlier in the joining process than in core roles.

Work-life balance: Societal role expectations, women’s career ambitions, and the 

nature of the IT industry challenge the way women manage their professional and 

personal lives. When working extra and long hours, women feel more stressed and have 

trouble disconnecting from work, which impacts their household tasks and well-being. 

Women often are the primary caregiver for a family and perform a larger share of the 

household labor. Many people believe that working from home is easier for caregivers. 

However, even when working remotely, women in tech face pressure to work extra 

hours and face consequences for not giving in to this pressure: if they miss after-hours 

meetings, they are excluded from decisions made during them and are perceived by 

others as “lacking in teamwork.”

most challenges women face in the software industry have a parallel in 
oss. however, some of them manifest differently. in oss, women face bias when 
they explicitly identify themselves as women; in the software industry, women 
report a lack of recognition and face the maternity wall. in oss, women report 
difficulties in finding a mentor, but onboarding is usually not as challenging in the 
industry.

 Actions to Mitigate the Challenges
The aforementioned challenges that push women away from the tech industry are, 

to some extent, known. However, it is important to take action to increase women’s 

participation and create a more diverse and welcoming environment. In the following, 

we will focus on actions reported in the literature, illustrated in Figure 4-2, and how they 

help reduce the current challenges.
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Figure 4-2. Actions to mitigate challenges faced by women [14, 15]

Women are more inclined to join companies or projects that have more women 

involved. This strengthens their belonging to the project. It is important to promote 
awareness about the presence of women in the project or company to help attract 

more women and reduce the feeling of alienation. For example, an online dashboard 

can be used to present the number of women participating, showing what kinds of roles 

they play, how long they have been involved, and information about their pathway in the 

project or company.

This can highlight not only that women are welcome at the project or company but 

that there are role models to be followed there. For example, companies can promote 
women to leadership roles as a way to empower a larger cohort. First, this sends a clear 

message that women belong there and that they are respected. Second, having women 

in decision-making positions can ensure that their voices will be heard. This would, 
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for example, make it easier to communicate the needs and problems faced by women, 

since the interlocutor also experiences them. Promoting more women to leadership is 

important, but it is essential to empower women by giving them the necessary authority 

to play the leadership role. Serving in a high position can be even more challenging for 

women, as they often lack the support or power to accomplish their strategic goals. As a 

result, women leaders often experience shorter tenures than their peers who are men. 

When recognizing women’s achievements, projects and companies should provide the 

social attraction women seek to overcome their competence-confidence gap.

Inspiring actions can include showcasing by publicly celebrating women’s 

accomplishments in blogs, project homepages, and social media and organizing events 

with women speakers. These actions can attract more women and retain women who 

are already employees or contributors. Considering that this media exposure can include 

women’s posts and pictures, it can also help de-stereotype the software developer, which 

is usually associated with images of men. Two examples of this strategy are the “Women 

That Build Award”2 in “Women Who Code”3 and “Women in Tech,”4 which highlights 

a woman who has excelled in her work in the STEAM industry. Women can nominate 

themselves or be nominated by other people.

Having women recruiting women may help focus the recruitment process on 
women. Moreover, making job opportunities attractive to women’s needs, creating 

more part-time positions, reserving positions prioritized for women, and advertising job 

openings to women’s groups are actions that help focus the opportunities on women. If 

no women are involved in the recruitment process, the pipeline may be easily broken, 

which would affect the recruitment.

A girl should enter the tech pipeline when she is at school by taking preparatory 

courses, becoming experienced in the use of computers, and otherwise preparing for 

undergraduate college degrees in STEM. Further along the pipeline – and depending on 

the educational system – a young woman majors in computer science, and after that she 

graduates from a computing discipline and, then, enters the job market to be recruited. 

Promoting baseline actions, like schoolgirls’ events for girls in STEM, can inspire 

vocation in girls and raise awareness about how the organization supports women’s 

growth. The baseline actions should be active on girls’/young women’s social media 

(e.g., Snapchat/Instagram).

2 https://womenawards.globant.com/
3 www.womenwhocode.com/
4 https://wearexena.com/awards/
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Since girls and adult women need to see themselves in tech for actions to have 

an effect, we need to de-stereotype the tech and avoid the feminization of specific 

assignments, like those relating to nontechnical roles. More images of women should 

be used in technical advertisements, and women should not be only allocated to 

procedural tasks. Organizations should offer women to play all kinds of roles that can 

challenge their skills. Inclusivity also includes adjusting communication styles and de- 

biasing software. Another way to de-stereotype is by de-biasing software through the 

GenderMag technique. GenderMag uses personas and a specialized Cognitive Walk- 

Through (CW) to systematically evaluate software and make them more inclusive of 

women’s cognitive styles [3].

Some actions are essential to deter women from leaving a tech position. The first is 

to cultivate a welcoming and supportive environment and avoid sexism. Women-only 
groups and activities bring a safe space for women to express feelings and opinions 

and are helpful to foster discussions and support networking. An online women-only 

forum can be an easy first step, and the exchanged content can be helpful in monitoring 

situations when women need support. This strategy can be part of more significant 

efforts to encourage and welcome women, which can include mentoring or inviting 

women to contribute to specific activities. Since many projects still have only a few 

women, groups can facilitate interaction between women from different projects. 

Trainings and booklets can help promote inclusive language and avoid gender 

pronouns and terms that assume that people are all one gender or one demographic 

(e.g., using the term “guys”). Bots can monitor written communication and proactively 

correct gender pronouns.

Mentorship can help women to find the assistance and support they need, 

particularly by having women as mentors for other women. Mentors need to be 

supportive, friendly, respectful, and encouraging. Besides joining ongoing support 

groups, women can also be assigned to formal mentors for regular one-on-one meetings. 

A mentoring program can include a plan for different women leaders to discuss their 

career trajectory and the benefits and challenges of holding their job. Women could 

share their techniques for managing time, balancing family and career demands, 

highlighting how they regularly learn new skills, making themselves heard by men, 

ignoring disruptions, and coping with criticism or insults.
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Besides training and assisting women, the workplace itself needs to be safe. Developing 
and enforcing a code of conduct helps mitigate Tightrope effects5 by assisting projects in 

articulating good behaviors for all members. The code of conduct comprises the collective 

norms of a community that shape the culture of collaboration and the community’s 

expectations and values and aim to create a friendly and inclusive community. While 

having a code of conduct will not prevent sexism, it indicates to any men who display sexist 

behaviors that such actions will not be tolerated. The code of conduct needs to be enforced 

among the project members. Organizations should implement mechanisms to monitor 

communication, implement the code, and show that violations have consequences. Provide 

training that covers essential topics, including advocating for women facing disrespect in 

meetings, navigating workplace bias, and fostering awareness about microaggressions. 

These are just a few examples of foundational training elements that empower participants 

to create a more inclusive and respectful professional environment.

Work and family are often the two most important domains in a person’s life, and 

their interface has been the object of study for researchers worldwide. As women assume 

the role of working professionally in addition to their traditional role of homemaker, 

they are under great pressure to balance their work and personal lives. The societal role 

expectations, women’s career ambitions, and the nature of the IT industry challenge 

the way women manage their professional and personal lives. The COVID-19 pandemic 

and the need to work from home cast new light on these issues. While it brought more 

flexibility to many workers, it also brought new challenges. For a great share of the 

population, it became hard to separate personal and professional life. Women felt this 

more than men, given the aforementioned societal expectations.

Supporting parenthood is crucial for women who are caregivers. Maternity leaves 

usually relate to each country’s law. Some countries mandate a longer maternity leave, 

while others mandate a shorter one. Besides sponsoring childcare and children’s 

education, organizations and projects can adjust the duration of the maternity leave 

beyond the relevant country’s laws by offering additional paid leave. Moreover, projects 

can provide psychological safety with a policy to guarantee the same position for women 

who return from maternity leave while adding flexibility in work hours. Extra hours 

should be discouraged, and, instead, projects should cheer those who are centered on 
their well-being. Still, projects with global teams face difficulty finding suitable group 

5 The term Tightrope is usually associated with the circus, where a circus performer balances 
on a stretched rope. Following the analogy, the term can refer to the narrow band of socially 
acceptable behavior for someone, in our case, women.
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meeting times, as people live in different places and time zones. Cultivating a culture 

of mutual respect can help avoid the “invisible punishment” for those who cannot 

stretch when scheduling meetings. Sabbaticals promote well-being and increase future 

productivity through fostering fresh ideas. Implementing sabbaticals allows for paid 

leaves for personal and professional development.

 Not a Conclusion: The Road Ahead
In this chapter, we provide a snapshot of the challenges faced by women in tech and, 

more importantly, the actions that may alleviate these challenges. However, there is still 

a long road ahead at the research, practice, and societal levels to make the tech industry 

more diverse and welcoming.

The literature reports a diverse set of challenges faced by women, but there is still 

a big gap regarding how it connects to the reasons why women leave (or avoid) the 

tech industry. Theoretical understandings can help create more effective, longer-term 

solutions [10]. One of the few studies that have used theory to explain these phenomena 

found that social capital can support the long-term engagement of both men and 

women in OSS projects and that when team members have more diverse programming 

language backgrounds, women are less likely to leave the project. More broadly, we 

need more research about why a large portion of women who study STEM do not join 

the tech industry so we can create more effective, longer-term solutions based on these 

phenomena. Being aware of the challenges that women face, educators can address the 

underlying issues causing these challenges to improve students’ (all gender) awareness 

of biases and discuss possible mitigation actions.

Historically, the social differences influenced by gender roles (i.e., the roles that men 

and women are expected to occupy based on their sex) may be amplified because of the 

gendered division of housework and childcare tasks, especially for mothers of young 

children. Impostor syndrome, sexism, lack of peer parity, prove-it-again, glass ceiling, 

and work-life balance issues were challenges reported by women in different software 

development contexts, including in large companies and open source projects [14, 15]. 

Some challenges surpass the organization and relate to the local, regional, or company/

community culture. These challenges bump into society and often contribute to this 

cultural legacy. One example is the “trailing spouse” – when a person follows their life 

partner to another city because of a work assignment. Moreover, during the COVID-19 

pandemic, a longer “double-shift” in the context of lockdown and limited availability 
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of childcare services contributed to stress, anxiety, job insecurity, and difficulty in 

maintaining work-life balance among women with children [7]. It means that all of us as 

a society have to do our share to evolve and change this cultural legacy that hurts women 

more than men.

Although several actions to increase women’s participation have been proposed 

in the literature, few works present scientific evidence about their effectiveness. For 

instance, few studies evaluate the effectiveness of the “code of conduct” [12, 13], even 

though it is one of the most-cited actions to promote women’s participation. Evaluating 

the effectiveness of actions can be challenging, as communities need to have consistent 

measurements before (baseline), during, and after their implementation [8]. For 

example, although OpenStack created the Women of OpenStack Working Group (which 

included educational sessions, professional networking, mentorship, social inclusion, 

and enhanced resource access), the OpenStack Foundation lacked baseline information 

about the involvement of women [8].

Future work can also understand the intersectionalities of contributors to shift 

the focus away from individual-level conceptualizations of gender in tech and toward 

structural examinations that take into account the power dimensions of race, class, 

culture, sexuality, caregiving responsibilities, disabilities, and other demographics and 

how different systems of oppression are mutually constituted and work together to 

influence women’s participation. Sensitivity to intersections enhances insight into the 

issues of inequality, thus maximizing the chance of social change [2].

Another open avenue for researchers is investigating why women do not join 

the tech industry. The perspective of women who are outsiders (and possible future 

insiders) and understanding what would entice them to join tech can bring new insights 

to attract women to the field.

Finally, “untying the mooring ropes” of sociocultural problems is difficult. The 

cultural structural sexism present in society is mirrored in the professional environment. 

There is still a long work ahead for the software industry, and for us, as a society, to 

create a more diverse and inclusive environment. We hope our results will enlighten 

actions toward reducing the perceived challenges and increasing awareness about the 

structural and cultural hurdles imposed on women that negatively influence diversity in 

the software industry.
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the Representation of 
Non-binary Gender in 
Software Systems:  
An Interview Study
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We research the users’ perception of the representation of gender in software through 

an interview study. We capture the perception of how non-binary people are being 

represented in different software systems. We aim to understand how users perceive 

the value of their gender being collected in the software they use, where it is not 

necessary to be captured, and how to make our systems more gender-inclusive. Through 

thematic coding, the results of the study present various themes related to gender 

representation in software. It is important that software engineers take the issues of 

gender representation seriously. This could imply not to register a user’s gender in the 

first place. Where relevant, it should be done in a way that makes sure that all gender 

identities feel included in the digital world.
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 Introduction
There are multiple aspects of inclusivity that should be considered in software design, 

such as the user’s gender, age, ethnicity, and special abilities. This study focuses on the 

gender aspect, namely, how gender is represented in software – how software systems 

ask about a user’s gender and how that gender information is used by the software. The 

use of gender in software varies depending on the system, where it is not relevant in 

some systems and crucial in others. It is therefore in our interest to not only understand 

how gender is represented in software but also where gender is a relevant factor in a 

system [1].

Current literature looks at gender in software from various different aspects, such as 

conceptual modeling for gender-inclusive requirements [2], how a non-binary person 

was discriminated through different websites when trying to register their gender [3], 

how the quality of requirements is affected depending on the stakeholder’s gender 

[4], the difference between men and women regarding privacy concerns in e-health 

applications [5], and how men and women felt about different gendered aesthetics on a 

website [6]. There is a gap in the literature with regard to how users feel that their gender 

is being represented in software, as well as what the software engineers can do to make 

the systems they create be more gender-inclusive.

In this study, the definition of gender is the gender a person identifies as, that 

is, a person’s gender identity. People may experience a gender identity on a mental 

and emotional level that cannot be captured by documenting a physical expression.1 

The contribution is to understand how gender representation in software systems 

is perceived by users to help practitioners understand how to make software more 

inclusive already at the stage of requirements elicitation.

 Related Work
Spiel [3] writes about their experience as a non-binary person and how they, over the 

course of 1.5 years, faced discrimination with various digital interfaces, detailing their 

thoughts and feelings on how they were represented across various systems. They 

propose a number of solutions for how to include non-binary people in software (e.g., 

1 See also https://transequality.org/issues/resources/understanding-nonbinary-people- 
how-to-be-respectful-and-supportive
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more fields in the databases) and that computer science education take these issues 

seriously and make sure that systems are created more inclusively.

Nunes et al. [2] have created a model for conceptualizing and helping developers 

understand how their software can be made more gender-inclusive adapted to each 

organization and system’s goals. Their aim was to guide requirements engineers to 

creating more gender-inclusive requirements using a framework to help practitioners 

with recognizing gender bias in their systems.

Ehrnberger et al. [7] recreated a drill and hand blender to talk about and challenge 

gender norms surrounding everyday items. Clarkson et. al. [8] discuss the various 

aspects of inclusive or universal design and how practitioners can work with them. 

Within the area of user experience (UX) design, there are many voices raising 

about making software and designs more inclusive [9, 10, 11], giving guidelines and 

suggestions for how software can become more gender-inclusive.

Rowan and Dehlinger [5] look into the difference between men and women with 

regard to privacy concerns for e-health mobile applications, and women reported 

higher concerns than men. The authors suggest that health applications should provide 

different services related to privacy as the concerns and behavior of the users differ 

depending on their gender.

Metaxa-Kakavouli et al. [6] created two different web interfaces that displayed 

the same content for a computer science course, where one page had aesthetics that 

were perceived as gender-neutral and the other had aesthetics that were perceived 

as masculine. Results showed that women reacted negatively to the more masculine 

website.

Criado Perez [12] details how data bias and the gender data gap have affected and 

continue to affect women in various areas of life. The data bias can be seen in everything, 

from software to city planning and the design of restrooms. The book is not strictly about 

software and software engineering, and the study at hand therefore compliments it by 

looking at gender representation solely in software.

Further studies cover how gender differences impact building social goal models 

[13], how algorithm bias can affect the use of user feedback in app stores [14], and how 

the software engineers’ human aspects can affect requirements engineering [15].
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 Study Design
Purpose of the study: The aim of this interview study [16] is to explore and understand 

how gender representation in software is being perceived. The study aims first at 

understanding how users perceive the value of their gender being collected in the 

software they use, how it is currently represented and what effects that has, and what 

experiences users have with gender being represented in software systems. Informed 

consent from the participants was obtained by first explaining the study and the planned 

use of the data before the participants made a decision about whether they wanted 

to take part or not and then signing the consent form. In the interviews, their answers 

were anonymized in the interview transcript, and the interviewer collected their email 

address only to send the finished transcript to the interviewee for them to read over and 

give their permission to use. The research protocol was reviewed at university level and 

not required to go through further review at the national ethics authority.2

Research questions: The two research questions are (RQ1) What is the perception of 

representing gender in software systems? and (RQ2) How are the options of representing 

non-binary gender in software systems perceived? RQ1 aims to look at what people (the 

interviewees) think of how gender is represented in different types of software systems. 

RQ2 aims to look at the perceptions of how non-binary people are being represented 

in software systems. It is partially answered with the help of interviewees who do not 

identify as non-binary, but put themselves in the shoes of someone who identifies as 

it. This design choice was made as (1) we were not able to recruit what we would have 

deemed a sufficient number of non-binary interviewees and (2) the ability of people who 

identify as female or male to put themselves into the perspective of a non-binary person 

might indicate the feasibility of a software engineer doing the same for a gender they do 

not identify with.

Piloting of interview questions: The interview questions (Table 5-1) were piloted 

with the help of interviewee 1, who completed the interview and then gave feedback. 

2 “Under the statutory rules, research ethics review by the Authority is a mandatory precondition 
for commencement of all research and clinical trials planned in Sweden that involves physical 
intervention, on living and deceased persons alike, is carried out with a method that aims to affect 
the research participant physically or mentally, or involves an obvious risk of harm to them in 
body or mind (…). The Swedish Ethical Review Authority neither can nor may issue any advance 
ruling on the question of whether an ethical review is required. It falls on the entity responsible 
for the research to decide whether an initial application needs to be submitted” (https://
etikprovningsmyndigheten.se/en/what-the-act-says/).
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Interviewee 1 is a professor and equality representative at the university, and we 

therefore felt that their opinions and insights were valuable. After the feedback was 

positive, the rest of the interviews were then conducted as planned, and interviewee 1’s 

answers could be used.

Ideally, a more extensive piloting of the interview would have been carried out, but 

because of the short time frame for this study and the already small pool of interviewees, 

this was not seen as feasible. The time frame was due to the project being a bachelor’s 

thesis, with a limited time to find and carry out the research. The small interview pool 

resulted from a convenience sample. We reached out to students on a Discord server 

with around 400 members, as well as other personal acquaintances. As we were asking 

about non-binary gender, the interviewees either identified as non-binary (minority) 

or had relatable expertise or experience so they felt comfortable answering questions 

around the topic, for example, equality representative, researcher of gender studies, etc. 

Some participants struggled with coming up with examples for government software in 

Q4, and the question was therefore clarified to government or tax software instead.

Data collection: The subjects for the interviews were chosen through convenience 

sampling where they were either personal acquaintances or people who had some kind 

of interest in the subject of the study and wanted to take part in it. The majority of the 

participants were European, with a couple of interviewees from the United States and 

Brazil. The interviews were conducted in a semi-structured manner either in person 

or through video calls. The reason for using semi-structured interviews was to give the 

participants the option of speaking freely and for the researcher to be able to ask follow- 

up questions to interesting points they made. The participants consented to recording, 

and their answers were then transcribed and sent back to them for feedback before 

using thematic coding. All their data was anonymized while creating the transcripts. The 

interviews lasted up to 30 minutes, with most of them averaging 20 minutes.
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The interview questions were derived from the research questions, as detailed in 

Table 5-1. Q3 was only asked if the participant did not identify as non-binary, because 

for non-binary participants, the answers to Q1 and Q2 were deemed sufficient to 

answer RQ2. We are aware that Q3 poses a threat to validity since we aim to understand 

perceptions of non-binary people using software systems. In Q4, four different examples 

of software systems were given: dating software, tax or government software, and 

medical software. These were chosen as examples as they cover a range of different types 

of software systems where gender potentially matters and therefore give an overview 

of the issues with gender representation across different fields. The participants were 

first asked a set of demographic questions, including how they identified their gender. 

Table 5-2 details all the participants’ demographic information.

Table 5-1. Interview questions mapping to research questions

Interview Question RQ

Q1. When using software, how do you think people might feel discriminated against because 

of their gender?

rQ1

Q2. In what way could they feel discriminated against? In what type of software? rQ1

Q3. Imagine you were identifying as non-binary. Can you imagine that you might feel 

discriminated against by some software systems? Which ones in that case and how? 

Why do you think you would be discriminated in that way?

rQ2

Q4. think of using dating software, tax or government software, and medical software, do 

you think people would be discriminated against when using them?

all

Q5. Do you think it is relevant to register the gender of people in software systems at all? In 

which cases is it relevant?

rQ1

Q6. Do you think there are software systems where it is important to disclose a person’s 

gender, but right now it is not being asked for? If so, which ones?

rQ1

Q7. are there software systems where you feel it is not important to disclose a person’s 

gender but where you currently have to? If so, what are examples?

rQ1

Q8. Do you think it is important that more genders than the binary male/female are 

considered in software? Why?

rQ2

Q9. Do you have any ideas on how to make software systems more gender-inclusive? all

Q10. anything else you would like to add? all
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Table 5-2. Interviewees’ demographic information

Interviewee Gender Pronouns Profession

1 Male he/him Senior lecturer

2 Female She/her professor

3 Female She/her Student

4 Female She/her Student

5 Male he/him Student

6 Female She/her professor

7 Female She/her associate professor

8 Female She/her Student

9 Male he/him Student

10 Male he/him Student

11 Female She/her phD Student

12 Non-binary they/them Student

13 androgynous they/she Director of marketing

14 Female She/her Lecturer

15 Non-binary they/them postdoc

Data analysis: The interview data was analyzed through thematic coding following 

the guidelines by Saldaa [17]. The coding was carried out through a mixed approach, 

using both inductive coding (creating the themes and codes as we read through 

the transcripts) and deductive coding (developing a set of themes and codes before 

starting the coding). The deductive themes were derived from the interview questions 

presented in Table 5-1. The coding was carried out by the first author and verified by the 

second author.
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 Results
Answering research questions:

RQ1: What is the perception of representing gender in software systems? Summarizing 

the results from the thematic coding, the state of the practice in representing gender in 

software systems is that more can be done with regard to representing gender. Many of 

the interviewees said that the current gender options are inadequate and that software 

asks for gender when it is not necessary.

RQ2: How are the options of representing non-binary gender in software systems 

perceived? The non-binary people who were interviewed for this study said that they 

often felt that their gender was not accurately represented and that the option of 

“other” gender was not useful and discriminatory. They mentioned that certain types of 

software, namely, medical software, should have other ways of presenting their gender 

instead of the binary male and female. The responses from all subjects were considered 

when answering this research question. This could therefore bias the results (see p. 16), 

but the answers were combined because there was a large overlap in the answers from 

the interviewees who identified as non-binary and the ones who were imagining that 

they were identifying as non-binary. The overlap was seen in the answers for Q3 from 

the interviewees who did not identify as non-binary and in the answers for questions Q1, 

Q2, and Q4 from the people who did identify as non-binary.

Participants: The subjects of the study were selected through connections and 

personal acquaintances. Out of the fifteen participants, seven worked in academia and 

seven were university students across different fields of study. One participant worked 

as a director of marketing. Four of the participants identified as male, eight identified as 

female, two identified as non-binary people, and one identified as androgynous. This 

information can also be found in Table 5-2.

Results from thematic coding: The thematic coding was carried out by doing 

multiple iterations, reading over the transcripts, and assigning themes and codes to 

pieces of text. An overview of the deductive themes is presented in Figure 5-1, and an 

overview of the inductive themes is presented in Figure 5-2.
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Figure 5-1. Overview of deductive themes and codes

Deductive themes: Non-binary discrimination often happens in language constructs 

in software, according to many interviewees. They explained that using a gendered 

language when not necessary adds nothing but further excludes non-binary individuals. 

One interviewee mentioned that they might be forced to input a binary gender in places 

that do not offer other options. Interviewees also mentioned that this often happens in 

the user registration state and that digitalization has always been very binary. Similarly, 

interviewees noted that the option of “other” as gender is seen as discriminatory. One 

interviewee explained that it is because users will feel not seen or acknowledged and 

will feel that they are being put in an exception box if they choose the “other” option and 

thus will more likely not go for that option in surveys, forcing them to choose a gender 

option that may not be representative of the gender they identify as. Other interviewees 

mentioned the design choices and uses of colors as a way of cementing the binary 

gender norms.

For dating software, interviewees said that they are generally more inclusive and 

progressive compared with other software. One interviewee pointed out that dating 

software is still very binary. For medical software, some interviewees said that they 

are generally not “up to date,” while others said that they are better than other types 

of software. One non-binary interviewee explained that the information regarding a 
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person’s gender is only relevant to the doctors and that they would work with a medical 

team if they were developing this kind of software. The Personnummer in Sweden was 

mentioned in relation to medical software, where one interviewee mentioned that the 

medical system 1177 [18] assumes a person’s gender based on their personnummer 

when they sign in. Several interviewees mentioned that there is not enough data 

collected for all communities of people, which leads to data bias, for example, for 

different diseases. One interviewee suggested that instead of medical software asking for 

a person’s gender, they should ask about their genetic composition instead.

For government/tax software, interviewees mentioned that they often only register 

male or female and no other genders and are therefore not as up to date as other types of 

software. One interviewee mentioned that registering a person’s gender in governmental 

software should only be done for statistical purposes and that the gender information 

is not relevant in this type of software otherwise. Another interviewee mentioned that 

legislation regarding gender does not always match between countries, which can be 

an issue for people who live and work in one country but have a citizenship in another 

country.

Registering the user’s gender as a deductive theme was asked in Q5 in the interviews. 

Here, almost all interviewees claimed that it is generally not relevant to register users’ 

gender information. Some explained that it could be useful to understand your audience 

and for the companies. Other interviews said that registering a user’s gender could be 

relevant in medical cases, for example, if a patient is unconscious when arriving to a 

medical institution. Registering a user’s gender should follow the laws and regulations in 

a country, one interviewee explained. Another interviewee explained that registering of 

gender could be good if the software is being customized to the user.

Disclosing the user’s gender should be a choice, or that the software asks for consent 

before disclosing it. Two interviewees said that the gender should be completely 

removed from job applications as that only feeds into prejudices. One interviewee said 

that the software should offer personalization irrespective of a user’s gender and focus 

on other information they have provided. Some interviewees said that disclosing of a 

user’s gender should only be done in medical cases. Disclosing a user’s gender should 

not be done unless it is relevant for the service the software is providing, according to 

one interviewee. Another said that it would be better for the software to ask for and 

disclose gender rather than trying to assume people’s gender based on their names.

For more gender-inclusive software, the primary solutions according to the 

interviewees were to have more gender options and make non-binary individuals feel 
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seen. Interviewees suggested having diverse development teams and an inclusive 

software development process and, also, bringing awareness to the gender perspective 

by asking people about how they would prefer to have their gender represented in 

software and that gender should be seen as a spectrum and that pronouns should be 

avoided altogether. Another interviewee suggested that to make it more inclusive, a 

selection of pronouns should be presented on a list to users and that people who have 

chosen that they identify as trans are asked follow-up questions. With regard to the 

data bias, interviewees said that it is important to enrich the data sets to have a better 

representation of all the different types of people that use the software. One interviewee 

said that if gender is relevant to have, it should be made confidential:

Systems can be designed in such a way that this information is not directly 
accessible to anyone who just happens to be maintaining the systems. It can 
start with encrypting the data, what is sensitive, and storing the data with-
out having a name attached to it, just ID number and references.

—Interviewee 13

Inductive themes: Discrimination due to UI was one theme that appeared in the 

interviews. Four codes were found: use of colors, graphics, pronouns in messages, and 

marketing through colors. The interviewees explained that the choices of colors were 

made based on gender, where darker tones were generally seen as targeting men. Other 

aspects of the user interface, such as graphics and messages, could also be seen as 

discriminatory, namely, where pronouns were used in pop-up messages and the default 

pronouns were he/him.

Some interviewees mentioned discrimination due to anonymization, where they 

explained that people using different forums and communities would have an easier 

time spreading harmful comments. One interviewee mentioned that if a non-binary 

person were to disclose their gender in an anonymized community, that might be more 

noticeable and they are at a greater threat of receiving hurtful comments.
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Figure 5-2. Overview of inductive themes and codes

Gender representation in games was a theme that was mentioned multiple times. 

Interviewees explained that there is a large amount of male characters in games, 

together with many characters being gendered in general and female characters 

often being stereotyped, and that there are no non-binary characters in games. One 

interviewee mentioned that games having gendered characters could be a possibility for 

people to take part in a gender different from the one they identify as and thus could lead 

to a better understanding of different genders.

Some interviewees mentioned discrimination when building software. One 

interviewee mentioned that the solution to overcoming gender discrimination in 

software lies in the requirements part and that it is at that stage where inclusivity 

needs to be taken into account. This is in line with what another interviewee said: that 

the engineers really can make a change regarding these issues. Other interviewees 

mentioned that men often make applications for men.

Less inclusive local/regional applications were mentioned a few times. The 

interviewees explained that it is more common in conservative countries that 

applications only have two gender options, one for male and one for female. They 

further explained that users feel more unwelcome when using those applications when 

their gender is not accurately represented.

Another theme that came up in the interviews was data bias. Interviewees said 

that many systems came with creator biases, where data was not collected fairly 

from different user groups. One interviewee specifically mentioned that LGBTQ+ 
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communities were often not identified in the process of collecting data. The same 

interviewee mentioned recommender systems as places where the data bias becomes 

clear. Another interviewee mentioned AI software as inherently biased.

Targeted ads were another theme. It was mentioned in relation to assumptions being 

made based on a person’s chosen gender, as well as people getting ads that did not 

correspond. One interviewee mentioned that when the non-binary are forced to choose 

a binary gender when signing up, the ads they get based on their gender are wrong. 

Some interviewees mentioned that the ads should not know people’s gender at all. 

Another interviewee explained that this type of discrimination could be either implicit 

or explicit and that it could be unnoticed where the binary genders are still being used in 

the back end:

For example, when Facebook had this multitude of options that you could 
provide, but in the back end for advertisers, it’s kind of slotted people into 
binary genders again.

—Interviewee 15

Surveys/questionnaires/sign-ups refer to the different places where users have to 

sign up. Interviewees mentioned that these forms often have a limited amount of gender 

options. As a consequence, people may not exist in systems because they are hindered 

by the barrier of entry, as one of the interviewees mentioned.

Some of the interviewees mentioned social media as a place where technology 

reconstructs gender. They explained that the binary gender norms are present in the 

different social media platforms. One interviewee felt that the platforms should not ask 

for gender at all, while another said that if they do need to ask for gender, they should 

include more gender options for the users.

One interviewee mentioned translation software as an example of software that 

produces wrongful information as a result of data bias. They explained that the software 

changes the noun of a word from female to male when translating it. For example, the 

word “researcher” as a female noun in one language would be translated to “researcher” 

as a male noun in another language. The interviewee said that these types of software 

systems should have some indication to the user that the meaning of the word has 

changed.

The theme Personnummer in Sweden refers to the system in Sweden where everyone 

registered in the Swedish Population Register receives a personal identity number [19]. 

The number consists of a person’s birth date in the form YYYYMMDD, followed by four 
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digits where the third one is decided by the person’s sex. The digit is odd if a person’s 

legal sex is male, and if a person’s legal sex is female, the digit is even. As of now, there 

are no options for a non-binary personnummer, but a motion has been sent to the 

Swedish government about creating a third legal sex as well as gender-neutral personal 

identity numbers [20]. As the information structure is insufficient in the first place, 

representation cannot be accurate either. The interviewees explained that because the 

system is inherently binary, it leads to assumptions:

And they have in medical areas the assumption that if the personal number 
says that you are this gender, we have to add it in your journal that you also 
can read, but it’s not really important actually.

—Interviewee 12

 Discussion
Software development process: Discrimination when building the software is a theme 

that is very relevant to software engineers. The interviewees explained that men often 

make applications for men, and one specifically mentioned that discrimination can 

happen already at the stage of requirements writing:

[…] I think in the domain itself as well, there is so many different aspects of 
how we capture the requirements of the system that are not aware of the 
systematic discriminations that these systems can reinforce.

—Interviewee 1

One possible solution to this would be to use the GenderMag method [21] in the 

software development process. By using the process and provided set of materials, that 

is, the developed personas, companies and software engineers could make sure that 

the software they are developing is gender-inclusive. GenderMag is a good solution 

because it easily provides the developers with personas that they should consider for 

their software and thus can help them find where their software displays gender bias. 

Aside from using GenderMag, developers could use Hidellaarachchi et al.’s [15] paper to 

understand how human aspects of the engineers can affect the requirements they write. 

They did conclude that the gender of the developers was of lower importance than, for 

example, knowledge of the domain,  

Chapter 5  hOW USerS perCeIVe the repreSeNtatION OF NON-BINarY GeNDer IN  
    SOFtWare SYSteMS: aN INterVIeW StUDY



83

but we think that making sure that both the process and the development teams are  

inclusive leads to the software being more gender-inclusive. More on this aspect can be  

found in Chapter 10, “Beyond Diversity: Computing for Inclusive Software,” and  

Chapter 11, “Gender Diversity on Software Development Teams: A Qualitative Study.”

Design of systems: The findings from Costanza-Chock [22] can be incorporated into 

software systems design. Specifically, we can apply the principles of the Design Justice 

Network that are put forth in the book.

Let’s take the first two principles as examples. Principle 1: We Use Design to Sustain, 

Heal, and Empower Our Communities, As Well As to Seek Liberation from Exploitative 

and Oppressive Systems [22, p. 190]. The Design Justice Network encourages designers 

to move beyond critiquing oppressive systems and actively empowering community. 

Software engineers have an agency here that is visible in the fitting or not fitting design 

choices they make, and that agency comes with responsibility.

Principle 2: We Center the Voices of Those Who Are Directly Impacted by the Outcomes 

of the Design Process [22, p. 191]. The idea of “nothing about us without us” is a partial 

answer to the question of who gets to do design work as an appeal for more inclusivity 

in software engineering as a discipline. While female and male interviewees in our 

study provided insightful answers when prompted to put themselves into the shoes of 

a non-binary person, the participants of our study are not representative of software 

practitioners in general. To design well for non-binary users means to have one on the 

development team or as a client stakeholder.

Further principles detail potential impacts in social movements and technological 

innovation as well as best practices for community-engaged research.

User interface and design: The theme discrimination due to UI showed that the 

choice of colors and other design elements often can make users of certain genders 

feel unwelcome, which is in line with the findings of Metaxa-Kakavouli et al. [6]. More 

focus needs to be put on recognizing these patterns of design-related discrimination, 

specifically when creating the software. If users don’t feel welcomed when opening an 

application or a website, they most likely will not continue to use the software, which 

means less profit for the company, but also that the user misses out.

Medical software and data bias: With regard to the medical software theme, 

the most interesting findings are the ones related to data bias. Several interviewees 

mentioned that data is not collected fairly from different groups of people and this then 

makes the medical data biased in relation to gender. It can even be life-threatening, as 

stated by one interviewee:
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If you think about heart attacks, a lot of the symptoms related to females are 
different to the ones related to males. And quite often women die from heart 
attacks because their symptoms are not recognized.

—Interviewee 14

Data bias is something that is prevalent in most software today, and there are a lot of 

things that can be done to solve it. Our first suggestion is something that was mentioned 

by multiple interviewees, which is to enrich the data sets. By making sure that the data 

collected comes from a large and diverse sample of people, it would make the systems 

detecting, for example, medical problems more inclusive and could in the long run 

save lives.

Data bias as a theme was mentioned multiple times, also in relation to other types of 

software besides medical, in line with Criado Perez [12]. She proposes several solutions 

for minimizing the gender data gap, the most prominent being that women should be 

included in the collection of data. For that, women need to be included in all aspects of 

life, and when more women are in positions of power, they remember that women and 

their needs exist.

Rowan and Dehlinger [5] results about privacy concerns are echoed by one 

interviewee, who talked about being wary of giving out their information to companies:

[…] I think that it’s important to break down barriers and to be inclusive. 
But I don’t necessarily think that part of being inclusive is to harvest and 
collect all the data we could possibly muster up because then I feel like that 
delves into a completely different territory.

—Interviewee 8

Non-binary discrimination, registering and disclosing users’ gender: Non- 

binary discrimination as a theme was related to RQ2. A result that was quite surprising 

was how many interviewees mentioned that language constructs were contributing to 

the discrimination of non-binary people. One suggestion to make the language more 

inclusive is to follow the Gender Guidelines by Scheuerman et al. [23], and we encourage 

all practitioners to read Spiel’s paper [3], where they detail their experiences with 

different types of software as a non-binary person and propose several solutions.

The large majority of interviewees mentioned that it is not relevant to register a 

user’s gender at all. While it was not surprising that people thought it unnecessary, we 

were surprised by the fact that almost all of the interviewees said that they found it to 
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not be necessary. In addition, there are examples where gender bias is a known fact, for 

example, job application systems [24, 25], but also in tax systems [26], so these may serve 

as an indicator to not capture gender when not strictly necessary. In light of the General 

Data Protection Regulation (GDPR), the guideline of not collecting unnecessary data 

might have even more weight.

A motion has been sent to the Swedish government about including a third legal 

gender as well as gender-neutral personnummer. This is similar to what other countries, 

such as the United States [27], Germany [28], and Austria [29], have implemented. These 

countries show that it is possible to include non-binary genders in legal documents, and 

more countries should follow in their footsteps.

Limitations and threats to validity: The following threats to validity are of concern 

for the study at hand:

Internal validity: The interviewees were chosen based on if they had an interest 

in the subject matter regarding their experiences of gender in software. While most of 

them were in academia, they were at different stages of their studies or were professors 

in different areas. It was also reasoned that if subjects who had no interest in the topic of 

the study would be interviewed, they would not give any meaningful answers. This is a 

trade-off that has to be made between having a slight bias in the results and receiving not 

meaningful data. Another aspect of internal validity is that Q3 gives results that may not 

be applicable to answer RQ2. This is because when asking people to imagine a scenario, 

it does not give a truthful view of how non-binary people experience representation 

in software systems. This question remains in the study because answers thematically 

overlapped significantly for all genders.

Credibility: The results of the interviews could threaten the credibility of the 

study. The interviewee could be biased in giving answers that do not actually reflect 

their opinions on this subject because they wanted to be helpful to the research. The 

mitigation strategy for this threat is similar to the one for internal validity, namely, that 

the subjects were from a variety of backgrounds and that there is a trade-off between 

having a slight bias and difficulty of saying if the findings are true and receiving not 

meaningful data.

Dependability: The findings within the study were fairly consistent as many 

interviewees mentioned similar themes and codes. It is however difficult to say whether 

the findings could be repeated in a similar study as it depends on the subjects. This 

threat is not possible to mitigate at this stage, because there is only one study made on 
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this topic thus far. More studies of similar nature would have to be conducted to be able 

to say if the findings are congruent and, if so, what made it possible for the results to be 

similar.

 Conclusion
The results of our study point out that registering a user’s gender in software systems 

is often not relevant or even detrimental to the experience of non-binary users. Other 

important points were recognizing what design choices can be discriminatory for different 

types of users and that the data sets used for training algorithms need to be more diverse 

to reduce the data bias that is prevalent in so many software systems. If the software we 

create is inclusive, it makes our communities and society as a whole more inclusive and 

welcoming. Perhaps it is best summarized by the following quote from one interviewee:

[…] The software engineers, they really have the power in their hands to 
change a lot of assumptions and stigmas. […] People use software all the 
time, and you can really change the world in a different and positive way 
where people can feel included. I think that’s important.

—Interviewee 12

For how to ask about gender, we suggest to read Chapter 28, “How to Ask About 

Gender Identity of Software Engineers and “Guess” It from the Archival Data.”
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of software engineering as well as immigrants. We have both experienced racial 

discrimination and one of us sexual harassment based on gender in different countries 

we have lived in. This is a motivation for us to support others who experience 

discrimination and marginalization.
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To create inclusive software, development teams need to consider how they identify 

inclusive requirements for a software product. Requirements elicitation is the first stage 

in the process of developing the requirements of a software system. Elicitation is about 

describing the functionality, reliability, efficiency, and usability of the system to be 

developed, so that it suits the end users’ needs [12].

Recent research has found that both traditional elicitation techniques (e.g., user 

interviews) and newer online crowd-based approaches may have challenges in 

gathering the views of a diverse set of users. In particular, there are significant challenges 

in eliciting requirements from users with cognitive disabilities, as well as ensuring 

that the full demographic spectrum (e.g., by gender, age, ethnicity) of a user base is 

adequately represented.

This chapter discusses the motivations for more inclusive requirements elicitation 

and the challenges that need to be overcome and finally makes recommendations for 

both requirements engineering practitioners and researchers.
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 Motivation for Inclusive Elicitation
Understanding user needs and desires for a software product is a critical part of modern 

software development. In the modern software landscape, development teams must 

keep their users happy to remain competitive as, in many cases, the competition is 

just one click away. Elicitation of user needs is central both in the initial design of the 

software and in its ongoing maintenance and evolution. A 2021 survey of software 

developers found the vast majority of developers (97%) agreed that user feedback gives 

them a better understanding of user needs and makes them aware of usability issues 

[25]. Thus, user needs as described in feedback are often being used to drive product 

development decisions.

However, the user base of software products can be extremely diverse, in terms of 

demographics (e.g., age, gender, geography, cultural background), as well as specialized 

needs related to physical and cognitive disabilities [4, 12, 22, 23]. If the diversity of the 

users being engaged through elicitation processes is not representative of the actual user 

base, this introduces the possibility of developing biased software that does not meet the 

needs of all users. A clear example of this comes from the broader field of engineering 

in the design of car safety devices. Women today are still significantly more likely to be 

seriously injured or killed in car accidents because car safety devices were designed and 

tested considering the size of the average man’s body [7]. There are also many examples 

of software systems failing to consider the needs of all users. When YouTube first 

launched its mobile app, approximately 10% of videos were being uploaded upside- 

down because the software did not accommodate left-handed users.1 More recently, 

various AI systems have been shown to be biased against some users. For example, 

Amazon’s recruiting tool was found to be biased against women,2 and Twitter’s image 

cropping tool had built-in racial biases.3

Focusing on the needs of under-served people can make products better for 

everyone. Again, looking at an example in the broader field of engineering, curb cuts, 

which were originality designed to make city streets more accessible for wheelchair 

users, have improved the accessibility for many others, including people riding bikes 

or skateboards, pushing strollers, delivering packages, and pulling suitcases [3]. For a 

1 www.cio.com/article/234087/consciously-overcoming-unconscious-bias.html
2 www.reuters.com/article/us-amazon-com-jobs-automation-insight-idUSKCN1MK08G
3 www.cbsnews.com/news/twitter-kills-its-automatic-cropping-feature-after- 
complaints/
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software-specific example, consider closed captioning of videos, which was originally 

designed to make videos accessible for people with hearing impairments [13]. Today, 

with the advent of social media, we see captions benefiting nearly everyone since they 

provide viewing flexibility; people can scroll through their social media feed and watch 

videos without the volume or consume videos in different languages.4

Therefore, it is imperative that software requirements elicitation considers the needs 

of all of its users, to ensure the software is inclusive and fair for everyone. However, 

recent research has shown that both traditional requirements elicitation methods 

and recent crowd-based requirements elicitation approaches have representation 

challenges. These challenges are discussed in the next Chapter. (See Chapter 7, 

“Developers’ Perspective of Diverse End User Requirements,” for additional diversity- 

related challenges faced throughout the software development lifecyle.)

 Challenges in Traditional Elicitation
Traditionally, software requirements have been elicited through methods such as 

interviews, focus groups, observations, and questionnaires. However, these approaches 

may miss segments of society. They need special focus to include diverse perspectives, 

especially since many of these traditional methods can only engage with a limited 

number of users, due to time and resource constraints. For example, you can’t interview 

every user of your software product and must instead engage with an extremely small 

sample, relative to the total user base. Other techniques, such as design thinking as 

described in Chapter 10, “Beyond Diversity: Computing for Inclusive Software,” can 

provide rich insights into the needs of users, but also face similar scalability problems.

Traditional techniques can also have a lot of inherent bias, in both the selection of 

elicitation participants and selective perception during elicitation. The requirements 

engineers’ own perceptions can cloud how they understand requirements. This can 

lead to miscommunications and a lack of shared understanding, which may produce 

misunderstood or simply missed requirements.

Inclusivity in traditional requirements elicitation requires intensive communication 

between all participating stakeholders, especially when engaging users with cognitive 

disabilities [12]. In a recent study, researchers recommended an approach based on 

user-centered design (UCD) [16], to engage with users with cognitive disabilities [12]. 

4 www.3playmedia.com/blog/benefits-captioned-social-media-videos/
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They found requirements development with those with cognitive disabilities was 

feasible, with the participants proving to be reliable interview partners, who were quite 

capable of expressing their needs for a software product. Through this process the 

development team gained a deeper insight into the requirements of their end users, 

which led to new interaction and information presentation concepts.

Collecting requirements from a diverse set of users may require a diverse set of 

traditional elicitation techniques, as not everyone would be comfortable, or able, to 

participate using the same methods. Therefore, an inclusive approach to traditional 

elicitation can be time consuming and expensive. For it to be done well, a development 

team needs a lot of motivation and drive to focus on inclusion. This can be a challenge 

in many software projects, where time-to-market, or other business factors, may also be 

an important consideration. These challenges were emphasized in a recent study that 

found software companies often do not prioritize accessibility needs in practice [17]. 

They cited various reasons for this, including that there are no methods or tools available 

to help the teams with this process and a general lack of training on how to consider 

accessibility needs.

Newer crowd-based elicitation approaches can give developers access to large 

volumes of diverse user perspectives, through mining online channels such as app 

stores, social media, and support forums. However, recent research has highlighted 

representation challenges here also, which are discussed in the next section.

 Challenges in Crowd-Based Elicitation
Online crowd-based elicitation is a modern approach that has promise for eliciting 

requirements from a diverse set of users. There are large volumes of user feedback 

on online channels, such as app stores, social media (e.g., Twitter), and user support 

forums. Recent research has identified significant amounts of requirements relevant 

information in each of these channels, including bug reports and feature requests [22]. 

Through mining user opinions online, requirements engineers are no longer limited 

by time and other resource limitations that constrain the number of users who can be 

involved in more traditional elicitation techniques, such as interviews or focus groups.

Recent research has found a diverse set of users give feedback on these channels, 

with respect to traditional demographic categories (e.g., age, gender), geographic 

location, and accessibility needs [10, 11, 22, 23]. However, this research also suggests 

the representation across these groups in online feedback may not be in proportion to 
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the actual user bases of software products. Without considered attention, requirements 

generated from online feedback will disproportionately represent the loudest voices 

online and miss groups that are underrepresented.

This problem was emphasized in Tizard et al.’s 2020 survey of software users, 

where women reported to give significantly less online feedback than men, across 

all the studied channels (app stores, forums, social media) [23]. This was in line with 

Guzman et al.’s earlier gender study of feedback on the Apple App Store [11]. With age, 

the 2020 survey found that software users between 35 and 44 years reported to give 

the most feedback on all channels, with younger and older respondents reporting to 

give significantly less feedback. Research has also found that feedback behavior varies 

significantly between different countries and may be impacted by cultural factors [6, 

10, 22].

Due to the large volume of online feedback, it is often necessary to prioritize user 

requests for development attention. One popular approach to prioritization is to find 

requests that are made frequently [5, 9, 14, 15]. However, this may exacerbate the issue 

of considering the views of underrepresented groups. An additional challenge is that 

online feedback often doesn’t contain much demographic information about feedback 

givers, meaning directly identifying requests from underrepresented groups is difficult or 

perhaps impossible [23].

Those with physical or cognitive disabilities may also be missed in requirements 

generated from online feedback. A recent study of user reviews on the Google Play Store 

identified requests related to accessibility needs, including vision, hearing, and cognitive 

impairment [4]. However, all the accessibility requests combined made up just 1.2% 

of the sampled app reviews. Therefore, these accessibility requests would certainly be 

missed by prioritization techniques based on frequency.

While mining user opinions online is a promising approach to source valuable 

requirements information, there remain challenges in ensuring the generated 

requirements are representative of the underlying user base of a software product. In 

the final section, we make recommendations for practitioners on how to elicit the most 

representative user views for software products, with the goal of producing products that 

meet the needs of the broadest possible set of users. We also make recommendations 

for researchers, identifying several promising paths forward to better understand 

representation issues in requirements elicitation and develop new approaches to 

address these challenges.
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 Recommendations for Inclusive 
Requirements Elicitation
 Recommendations for Practitioners
Where users are being directly engaged through more traditional elicitation techniques 

(e.g., interviews), requirements engineers must take initiative to understand the diversity 

within their user base and engage with them. Collecting requirements from a diverse set 

of users may require a diverse set of approaches, as not everyone will be comfortable, 

or able, to participate using the same methods [12]. In the case of users with cognitive 

disabilities, Heumader et al. recommend an approach based on user-centered design, 

finding that their process produced meaningful insights into the user needs.

Another possibility is for software teams to utilize the method described in Chapter 

27, “How to Measure Diversity Actionably in Technology,” to measure diversity gaps 

in their requirements elicitation process using a GenderMag survey. By employing 

this survey, teams could gain insights into the cognitive styles of those participating 

in the requirements elicitation process, allowing them to identify who is missing from 

the process from a cognitive style perspective. As described in the same chapter also, 

cognitive styles can give insight into how users interact with software systems. Therefore, 

this survey can help teams identify whose voices are missing.

Crowd-based elicitation, where user opinions are mined from online feedback 

channels, can overcome many of the time and resource constraints associated with 

traditional elicitation approaches. Online user feedback has been found to contain much 

requirements relevant information, from a diverse set of users [19, 23]. Analysis tools are 

available to help automatically extract relevant information from the large volumes of 

feedback, which have shown promising performance in research settings [8, 20, 24].

As discussed, there are still challenges in ensuring user views mined online are 

representative. In their 2020 user study, Tizard et al. recommend that to elicit the most 

representative requirements information, development teams should consider feedback 

from multiple feedback channels. Their study found that different demographics are 

more likely to engage with different feedback channels. For example, younger software 

users reported to be more likely to engage with app stores, whereas older users may 

prefer support forums. They also found that a majority of feedback givers reported only 

engaging with one online feedback channel; therefore, focusing on a single channel will 

certainly miss some users.
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Furthermore, the lack of demographic information, such as age and gender, 

continues to be a practical problem for mining the views of underrepresented 

groups in online feedback. Being aware that women and certain age groups may be 

underrepresented gives requirements engineers the option to directly engage with 

those groups to supplement online feedback mining. Traditional elicitation techniques 

such as interviews or questionnaires will be effective tools to target underrepresented 

demographics.

Mining user opinions from different geographic locations is more achievable in the 

current online landscape, as country-level location data is often available. For example, 

the Apple App Store divides itself by country, and location data is often available for 

feedback givers on social media (e.g., Twitter). Requirements engineers can therefore 

sample user opinions to closely match a geographically diverse user base. In doing so, 

the diverse views of users from different backgrounds and cultures can be uncovered 

and help broaden the appeal of a software product.

Finally, there are smart analysis tools available to help extract accessibility requests 

from app store reviews. As previously mentioned, recent research found accessibility 

requests in app reviews related to vision, hearing, and cognitive impairment, among 

others [4]. These reviews were identified with keyword searches, followed by manual 

analysis. Subsequent research then applied the identified reviews to build smart analysis 

tools to automatically extract accessibility requests with promising accuracy, which have 

been made available [1].

 Recommendations for Researchers
For traditional elicitation techniques, there are several promising avenues of research 

to improve inclusivity. Heumader et al.’s work [12] points to a path forward in eliciting 

requirements from those with cognitive disabilities. They suggest the investigation of 

approaches that combine two existing design methods – inclusive participatory action 

research (IPAR) [18] and user-centered design (UCD) [16] – showing promising early 

results. Similarly, Chapter 10, “Beyond Diversity: Computing for Inclusive Software,” 

describes success using design thinking techniques to elicit requirements from diverse 

users. However, such techniques are time intensive and difficult to scale to a large 

number of users. Another direction for research is to address the challenges of scale 

facing traditional elicitation techniques, such as interviews and focus groups. For 

example, automated conversational agents, such as LadderBot [21], hold promise 

Chapter 6  eliCitation revisited for More inClusive requireMents engineering



98

for overcoming the time and location constraints of person-to-person elicitation. A 

conversational agent could enable end users to articulate needs and requirements, 

by mimicking a human (expert) interviewer. By automating the interview process, a 

significantly larger sample of a user base could be engaged. Combined with the ability to 

target potentially underrepresented groups, automated user interviews hold significant 

potential to support inclusive requirements elicitation. Future work can evaluate the 

effectiveness of new conversational agents (e.g., LadderBot) against traditional person- 

person interviews and digital questionnaires. Additionally, these chatbot approaches 

would be well suited to evaluation in lab-based experiments.

Crowd-sourcing software requirements has been a significant focus for 

requirements engineering researchers in recent years. Traditionally, the crowd has been 

conceptualized from a high level, taking an aggregated view of their needs. However, 

as discussed, a growing number of studies suggest feedback habits and attitudes vary 

significantly between user groups (e.g., with gender, age, country). In the interest of more 

representative requirements engineering, researchers should continue to follow current 

trends and investigate a more fine-grained view of the crowd. With this goal in mind, 

we see three key areas for research: (1) Continue to investigate the representativeness 

of online feedback, and so identify areas where there are representation issues. (2) 

Investigate the causes of representation issues, such as feedback channel design and 

the impact of culture. (3) Investigate new approaches to encourage more representative 

feedback. These research directions are discussed in the following paragraphs.

Researchers should continue to investigate the representativeness of online 

feedback. Perhaps the primary challenge in understanding who gives online feedback is 

that feedback channels give very little information about their users. On some feedback 

channels, such as the Google Play Store, even the full name of the person providing 

the feedback is often unavailable. Recent research has made progress through indirect 

analysis techniques, such as user surveys, inferring gender through usernames, and 

comparing the content of feedback across regions in the Apple App Store [6, 10, 11]. 

Looking forward, these research approaches can continue to be leveraged; in particular, 

directly engaging software users (e.g., user surveys) continues to hold promise for 

gaining meaningful insights.

One avenue open for new research is the study of additional feedback channels, 

beyond the existing studies. The gender and regional analysis studies from Guzman 

and Fisher [6, 10, 11] focused on the Apple App Store, while Tizard et al.’s user survey 
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studies [22, 23] focused on app stores, social media, and product forums. Extending 

these studies to additional feedback channels (e.g., issue trackers) would likely provide 

additional insights into online feedback behavior.

Future work should also endeavor to understand additional demographic and 

minority groups within the crowd and could also be extended to include intersectionality 

between groups [23]. For example, little is known about the ethnicity of feedback givers 

or differences across the economic spectrum. With gender, current work has been 

limited to only the differences between participants who identified as men and women. 

This can be extended to understanding the feedback behavior of non-binary software 

users. There is also significant room to continue to investigate differences in feedback 

behavior between countries [6, 10, 22].

The second main research direction we see is to investigate the causes of 

representation issues in online feedback. Previous work found underrepresented groups 

were more likely to cite several key reasons not to give online feedback. For example, 

both women and those under 25 years old more frequently (than their counterparts) 

reported that they found app stores confusing or hard to use, felt a resolution to their 

problem would take too long, and were not aware feedback could influence software 

improvements. Research has found that most software has gender inclusivity issues [2], 

so it’s possible that similar inclusivity issues exist in the software that collects online 

feedback.

A recent study also found software users in China and Germany reported 

significantly diverging reasons not to give feedback and suggested underlying cultural 

factors, such as collectivism and power distance [22]. Similar to other underrepresented 

groups, Chinese respondents were more likely (than Germans) to find online channels 

confusing or hard to use and were less likely to be aware they could influence software 

improvements through their feedback. Future research should investigate why certain 

groups are disproportionately impacted by these factors. There is also significant room 

to investigate differences in the motivations to give feedback between counties and the 

possible impact of culture.

Finally, researchers should investigate new approaches to encourage more 

representative online feedback. One promising direction for investigation is to directly 

address the factors underrepresented groups identify for not giving feedback, as 

discussed previously. Methods proposed by software users in previous work hold 

promise for addressing these challenges and should be investigated [23]. For example, 

giving a quick response to online feedback could be used to emphasize the connection 

Chapter 6  eliCitation revisited for More inClusive requireMents engineering



100

to software improvement and help address the perception that a resolution will take 

too long. Clearly showing a track record of addressing feedback could also promote 

awareness of the process and help motivate user input. Future work should also 

investigate feedback interfaces that underrepresented groups find encouraging and easy 

to use. Lab trials could be carried out to evaluate if the approaches identified previously 

encourage feedback in a practical context.

 Summary
Understanding and addressing user needs through diligent requirements elicitation is 

critical to success in the modern software landscape. In this chapter, we described the 

challenges in gathering views from a diverse set of users. Traditional elicitation methods 

(e.g., interviews) can exclude a significant proportion of the user base due to practical 

constraints, such as limited time. They can also suffer from bias and misunderstandings. For 

crowd-based elicitation, certain demographic groups can be significantly underrepresented 

in the online feedback it leverages. This issue is exacerbated by the lack of demographic 

information available about the online feedback givers, meaning it’s difficult (or impossible) 

to target feedback from specific groups. We made several recommendations to help 

practitioners overcome these challenges, including using various elicitation techniques 

to accommodate diverse users, employing user-centered design practices, and various 

strategies to increase the diversity of those participating in the requirements elicitation 

process. Finally, we outlined several promising directions for requirements engineering 

researchers to advance the literature on inclusive requirements elicitation.
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material is not included in the chapter’s Creative Commons license and your intended 

use is not permitted by statutory regulation or exceeds the permitted use, you will need 

to obtain permission directly from the copyright holder.

Chapter 6  eliCitation revisited for More inClusive requireMents engineering

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


105
© Daniela Damian, Kelly Blincoe, Denae Ford, Alexander Serebrenik, Zainab Masood 2024 
John Grundy, Tanjila Kanij, Jennifer McIntosh, Hourieh Khalijah, Ingo Mueller  
Equity, Diversity, and Inclusion in Software Engineering, https://doi.org/10.1007/978-1-4842-9651-6_7

CHAPTER 7

Developers’ Perspective 
of Diverse End User 
Requirements

John Grundy, Monash University, Australia.

Tanjila Kanij*, Swinburne University of Technology, Australia.

Jennifer McIntosh, Monash University, Australia.

Hourieh Khalijah, Monash University, Australia.

Ingo Mueller, Monash University, Australia.

Software is designed and developed primarily to serve human needs. However, many 

software systems continue to fail to take into account diverse end users’ characteristics, 

causing frustration, errors, and even potentially life-threatening situations. These end 

user human-centric aspects include, but are not limited to, age, ethnicity, gender, 

personality, cognitive style, language, culture, physical and mental challenges, 

emotional reactions, socio-economic status, etc. Software applications need to cover 

many if not all of these end user human-centric aspects in order to provide a suitable 

interface, workflow, and solution for diverse end users.

There may be a number of reasons software engineers do not sufficiently take 

their end user human-centric aspects into account. This includes poor understanding 

of user needs, inappropriate designs, and time pressures [3, 9, 12, 28]. Some larger 

organizations have dedicated UX/UI and/or customer experience teams that separate 

developers from end users [5]. Many companies are very small, and developers need 

to do all such work themselves, but lack sufficient training in UX, participatory design, 

or other human-centric design methods [16, 19, 22]. Software developers are generally 
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well-educated, relatively young, mostly male, most well-conversant in English, of high 

socio-economic status, and very comfortable with technology. Because of this, they 

may find it difficult to empathize, understand, and subsequently incorporate diverse 

human-centric aspects during the software engineering (SE) process [9, 11, 15, 24].

As part of our larger research effort to improve support for diverse end user human- 

centric aspects during software development, we wanted to better understand how 

developers currently go about addressing these challenging human-centric aspects of 

their end users in contemporary software development projects. We wanted to find out 

which are the key end user human-centric aspects that software developers currently 

find challenging to address and how they currently go about trying to address diverse 

end user human-centric aspects. We wanted to find out what sorts of end user human- 

centric aspects they tend to encounter, which ones they view as more important and 

which more challenging to address, what techniques (if any) they currently use to 

address (some of) them, and where they perceive further research in this area could 

be done to provide them practical support. To this end we carried out a detailed online 

survey of developers and development team managers, receiving 60 usable responses. 

We interviewed 12 developers and managers from a range of different practice domains, 

role specializations, and experience levels to explore further details about issues.

 Human Aspects of Users
In the following are some of the end user human-centric aspects that software teams 

need to consider:

Gender: Several prominent mainstream articles and books have highlighted gender 

bias in various technologies, including apps and smart living technologies [20, 25]. 

Recent work has investigated how software and other systems are gender biased in 

various ways [1].

Age: Many smart living systems focus on supporting aging people. Many educational 

software systems are targeted to children [10, 17]. Different ages may have different 

expectations, challenges, and reactions to the same software that need to be addressed 

[14, 26].

Ethnicity and culture: Software that fails to take into account or is biased in terms 

of ethnicity of people is highly problematic, especially for many emerging smart city 

applications, for example, policing and surveillance [8].
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Physical/mental challenges: Many people live with mental health challenges, 

cognitive impairment, and a wide variety of physical challenges, for example, impaired 

mobility, sight, hearing, and speech [24, 29]. Many software solutions have been 

developed to assist with these challenges or to take account of them to increase 

accessibility to software [2, 23].

Language: Different users speak different languages, have different educational 

attainment levels, have specific colloquialisms and jargon, and have different language 

competencies. Considering these aspects is particularly important during dialogue 

design, including multilingual software and software that adapts to different user 

dialogue preferences [21].

Human values: Values, for example, inclusiveness, equality, privacy, openness, etc., 

reflect how, why, and to what degree humans value people, objects, and ideas [27]. Many 

apps conflict with one or more human values, causing expectation mismatches and 

reducing app usage, take-up, and acceptance [18].

Emotions: Different people react differently to technology solutions emotionally. 

This includes positive reactions, for example, to a smart home solution providing a 

feeling of safety, and negative reactions to the same software, for example, feeling lack of 

control or being monitored intrusively [4].

Engagement and entertainment: Some people are highly driven by enjoyment, 

entertainment, and “fun” aspects of using software – computer games and gamification. 

Developers need to be aware of how to best design such solutions to achieve high levels 

of engagement and enjoyment [7, 13].

 Study Design
We formulated the following research questions to guide our study:

RQ1: What are the range and nature of end user human-centric aspects that have to be 

addressed by software developers?

RQ2: How are different human-centric aspects addressed at different phases of 

software development?

RQ3: What current support is available to developers and what improvement 

is needed?

Chapter 7  Developers’ perspeCtive of Diverse enD User reqUirements



108

 Survey and Interviews
We designed an online survey targeted at a broad range of software developers to 

provide us with a big picture view of current practices, challenges, and approaches 

to address key end user human-centric aspects. The survey was composed of three 

sections: demographic questions, participant views on end user human-centric aspects, 

and particular techniques – guidelines, practices, and tools to address diverse end user 

human aspects. To complement this online survey, we developed an interview protocol 

allowing us to drill down to more detailed information in one-on-one interviews. The 

research is approved by the Monash University Human Research Ethics Subcommittee.

 Recruitment and Data Collection
We ran our developer survey from July 2020 to March 2021. We recruited participants 

from personal networks, by advertising on LinkedIn and Twitter, and through 

snowballing. We were particularly interested in surveying those developing software 

applications where (some of) their end users have particular “challenges,” for example, 

physical and mental, those developing with consideration for some of the end user 

aspects, such as age (very young or aging), language proficiency, low socio-economic 

status, low access to technology, and/or technology skills. We recruited for the 

interviews from our own professional software developer networks but also asked survey 

respondents to volunteer to be interviewed. We then selected a representative range of 

interviewees (domain of work, role, experience, etc.). Originally we planned to conduct 

face-to-face interviews, but due to COVID-19 restrictions, all were done via Zoom, 

allowing us to interview participants from other countries and time zones.

 Data Analysis
Analysis of the quantitative data is mainly descriptive and explores common and 

uncommon aspects and key associations. Qualitative analysis included content analysis 

and thematic analysis [6]. We identified key themes via open coding and grouped 

common themes and responses. We used closed coding for further analysis and found 

key themes.
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 Results
 Participants
We had over 130 online survey responses, but only 60 were usable; the rest were removed 

from the final analysis due to incompleteness and/or poor quality of responses. Poor 

quality was decided where irrelevant or “throw-away” responses were encountered. 

Forty-four of these participants were male and twelve female; four did not state their 

gender. Ages of the participants were 21–30 (23), 31–40 (18), 41–50 (8), 51–60 (6), 61+ 

(1), and under 20 (1); three did not state their age. Years of experience ranged from 

1 to 5 years (22), 6 to 10 years (12), 11 to 15 years (9), 16 to 20 years (6), 21 to 25 years 

(3), 26 to 30 years (2), 31 to 35 years (1), and 36 to 40 years (1); three did not state their 

years of experience. Most developers came from a computer science or SE training 

background – 22 (CompSci), 9 (SoftEng), 9 (IT/InfoSys), and 5 (computer engineering) – 

and others (one each) were from robotics, physics, forensic computing, AI/ML/Vision, 

and neuroscience; the rest did not state their background. The current roles of the 

respondents were programmer (35), software architect (13), user interface designer (10), 

tester (9), project manager, requirements engineer, operations (6 each), and others (15). 

The domains they worked in included finance (24), education (23), health (19), transport 

and logistics (15), government services (13), and social media and insurance (7 each). 

Nineteen respondents reported other domains.

We also interviewed 12 respondents – 11 were male and 1 female (9 from Australia, 

2 from New Zealand, and 1 from the Middle East). Ages ranged from 21 to 30 (1), 31 to 

40 (4), 41 to 50 (5), and 51 to 60 (2). Years of experience were 1–5 years (1), 6–10 years 

(3), 11–15 years (1), 16–20 years (4), and 30+ years (3). The interviewees covered a broad 

range of roles including project managers (4), requirements engineers (1), software 

architects (2), user interface designers (2), programmers (2), testers (1), and others (5); 

many people performed more than one role.
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 Answers to Our Research Questions
 RQ1: What Are the Range and Nature of End User Human-Centric 
Aspects That Have to Be Addressed by Software Developers?

We asked survey participants to tell us what end user human-centric aspects they 

have had to address in their software projects, summarized in Figure 7-1. Aging users, 

users with accessibility needs, those with physical challenges, those with language 

proficiency issues and uncomfortable with technology, and those with diverse cultural 

backgrounds were areas more highly reported. Only one participant reported never 

addressing any of the issues. Interviewees described specific human-centric aspects they 

had to address and how they managed these challenges. Most common issues included 

aging users, users who were technologically challenged, those who were from diverse 

cultural backgrounds and/or spoke languages other than English, specialized groups 

with unique work contexts, and even personality types. Figures 7-2 and 7-3 demonstrate 

the human aspects our respondents consider as critical in their work and according to 

different SE phases, respectively.

Figure 7-1. End user human-centric aspects survey respondents need to address

Figure 7-2. End user human-centric aspects judged to be critical (or not) in their 
work (survey)
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Figure 7-3. End user human-centric aspects judged to be critical in SE phases 
(survey)

Technical proficiency: For example, developers had to adapt software for users with 

low technological capability: “There’s a lot of [users] that struggle with digital technology, 

even to the point where we’re actually building a web application that was previously just 

a mobile application just so that it’s accessible to everyone.”

Age: Some addressed the issue of developing for users of different age groups: 

“Many ticket officers/operators are middle-aged or even more senior. They’re usually busy, 

less willing to explore the functionality of our software, and have to multitask.” and “In 

our health systems, we have a large group of users [who] are ‘elderly.’ They include both 

clinical service providers (e.g., doctors, nurses and service staff, etc.) and elderly patients.”

Culture: Cultural differences were observed between the developers and the users: 

“You put the robot into the wild; you discover things you didn’t foresee. We were very 

conservative, to try not to offend anyone. But you still discover things, like I did not expect 

this question: Do you believe in God? People were very insistent on getting answers on this 

topic in this area. I think it is very important to have people who can think in this context 

in an early phase.”

Some developers suggested that some domains tend to come with more end user 

human-centric aspects, for example, health, financial, community, social media, and 

safety-critical systems.

Clinical software: In a clinical setting, to make sure the software was used according 

to the clinicians’ needs, they used different panels for different parts of input for the 

clinician to click the panel that was being discussed, and if something else was suddenly 

being discussed, they could just switch to a different panel without skipping forward and 

backward to a few screens to get to the right spot. However, they “did not really realize 

this up until they tried it in the clinics and the first version was trialed.” The developers 

realized that “it didn’t match up to the way people having conversations with the [doctor].” 

Another issue they did not realize until it was tested was that they should not present the 
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details related to the user’s cancer prediction in a same way to all the patients. “Because 

if a person has a risk calculator and their risk comes out to be in a high-risk category, if 

you just program the tool to present that risk to the person like anyone else, that can really 
be stressful for the patient and it can induce anxiety, which is all the things we wanted 

to avoid in the goals of this project.”

Games: It is essential to address user emotions, engagement, age, and language.

Others: In financial, community, and social media application domains, there are 

very wide range of end users with different expectations and needs. Some developers 

flagged the issue of end users with multiple, interacting human-centric aspects that are 

very challenging to address: “It ties in with physical challenges (e.g., screen readability 

and its impact on deteriorating eyesight) and being comfortable using technology, which 

many older people are not.” Some developers also noted they had little control over how 

many end user human-centric aspects were addressed or even if they were addressed. 

Several organizations had dedicated UX teams and larger ones “customer experience” 

teams – a development manager noted how their team didn’t have direct access to 

end users and communication of end user needs or difficulties came through mixed 

channels.

there are a range of end user human-centric aspects that developers acknowledge 
need to be better considered by developers, but there are also particular domain-
specific challenges for some application domains. We want to investigate these 
domain-specific challenges in more depth in future work.

 RQ2: How Are Different Human-Centric Aspects Addressed at 
Different Phases of Software Development?

We asked developers about the relative difficulty of addressing these human-centric 

aspects during one or more phases on a scale from 0 (no challenge) to 100 (most 

challenging). The survey and interviews reflected similar findings; however, interview 

participants emphasized that human-centric aspects need to be better considered at all 

stages of development.

Requirements engineering: Some of the key challenges stated included (1) 

gathering requirements for these end users (reported for elderly, children, mentally 

and physically challenged end users), (2) addressing the issues this end user group 
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has (accessibility, physically challenged, cultural differences), (3) lack of sufficient 

knowledge on how to address these issues (reported for several of these human-centric 

aspects), (4) ethical issues in gathering these requirements (children), (5) finding and 

communicating with suitable end users with these challenges (reported for many of 

these human-centric aspects), (6) a very wide range of issues for end users with this 

human-centric aspect (accessibility needs and aging users), (7) satisfying all end users 

with these human-centric aspects (accessibility, culture, language), (8) the issue being 

very complex (cultural differences), and (9) meeting these requirements with suitable 

designs (reported for several human-centric aspects). While some developers believed 

the requirements phase should be the most important, many acknowledged that it was 

not unusual either for users to expect too much and developers had to manage their 

expectations or for users to change their mind, making it important to have checks in 

place throughout the development cycle. One developer put it succinctly saying that 

even once a prototype was developed, it was still important to evaluate human-centric 

aspects as “sometimes when we are starting to develop, they are only concepts. We don’t 
even know what kind of implications the technology may have.”

Design and development: Key difficulty reasons reported for design- and 

implementation-related tasks included (1) finding balance between designs that met 

different needs (elderly, children, accessibility), (2) designing solutions (accessibility), 

(3) including end users in the design process (children), (4) finding suitable design 

tools (children and accessibility aspects), (5) applying existing standards (accessibility), 

(6) getting to know characteristics of end users and their preferences (accessibility 

and gender), and (7) foreseeing the possible range of end user human issues (culture, 

accessibility, and language aspects).

Testing and maintenance: Key reasons given for difficulty for test- and 

maintenance-related tasks included (1) finding representative testers (reported for 

aging users, those with cognitive challenges, different genders, and cultural diversity), 

(2) the need for extensive testing (accessibility), (3) difficulty of testing and fixing if the 

developers do not have the challenges themselves (many), (4) difficulty determining 

who the end users are (for language and socio-economic status), (5) difficulty 

determining specific actual usage issues (for children, accessibility, culture, language, 

socio-economic aspects), and (6) potential ethical issues (for recruiting testers with 

mental health challenges). Testing was seen as a problem if testers were not using the 

software in the context it was designed for, for example, under stress: “When they’re just 

doing stuff, they have a very different behavior than when they’re stressed. You have to be 
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much more clear. It’s really important for that testing under that real-life sort of situation, 

testing under the worst case, because it’s really important that the behavior under all those 

work conditions is taken into account.”

there was some variation in how hard and long it takes developers to address 
different human-centric aspects in their software development. however, overall, 
many are challenging and developers often lack expertise, time, and support to 
address them all. a lot of software is currently released without testing for how 
well it supports diverse end user human-centric aspects.

 RQ3: What Support Is Available to the Developers and What 
Improvement Is Needed?

We asked survey respondents to tell us what key techniques and tools, if any, they 

currently use or have used to address some of these end user human-centric aspects 

in their project work. Figure 7-4 summarizes key techniques used. Surprisingly few 

reported using “human-centered” RE and design approaches. Agile and iterative 

software development methods and usability evaluation techniques were claimed to 

be beneficial by several. A few reported feedback mechanisms, “best practices” such as 

applying standards, and including end users in the process were all critical. A few use 

standards/guidelines for specific human-centric aspects, especially usability and those 

with physical or cognitive challenges. FIgure 7-5 illustrates tools used by participants.  

A few use visual design tools to model user human-centric aspects, Jira to track human-

centric aspect–related defect fixing, Trello cards to capture human-centric requirements, 

and accessibility APIs. Interviewed developers reported using tools including Jira, 

Zendesk, DevOps, Nagios, and Selenium to increase communication between 

developers, stakeholders, and users. Similarly to the survey results, many talked about 

successfully using Agile and iterative software development methods, participatory 

scrum, brainstorming techniques, and methods for increasing rapid feedback to 

increase capturing and addressing human-centric aspects. One team even trained users 

to be scrum masters. Smaller teams and solo practitioners employed informal methods 

for getting feedback and resolving problems, for example, email and spreadsheets.
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Figure 7-4. Techniques used to address end user human-centric aspects

Figure 7-5. Tools to address human-centric aspects

We asked developers what improved tools and techniques they thought would help 

them. Key examples given included better development processes to improve target end 

user collaboration; better guidelines and practices to follow to address diverse end user 

human-centric aspects in software; better requirements capture and human-centric 

aspect modeling support that would enable them to identify and better track these end 

user needs throughout development; AI-based tools to automatically advise on missing 

end user human-centric aspects, for example, to prompt them to consider certain end 

user human-centric aspects in different situations; and more “live” or in situ testing with 

representative end users, to get richer feedback on issues that arise in software from 

lack of consideration of end user human-centric aspects. A number of other suggestions 

were given including a need for better education of software engineers about diverse end 

user human-centric aspects and their impact on software usage; simpler GUIs for many 

end user populations; better defect reporting to enable diverse end users to more easily 

identify, describe, and report problems they have with their software; and so on.

Participants also suggested developers try out being “users”: “I think if you take two 

days out of a development cycle and send half of your developers to be the user for a couple 

of days, you’ll pay that. You’ll save that in tons later on that project.”
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While some development methods and tools are used to help address human-
centric aspects, many opportunities exist to improve the use of existing methods 
and tools and create new ones.

 Limitations
Ideally, we would have had a larger number of survey respondents and interviewees. 

The demographics of the respondents did however give us a reasonable spread of 

experience, domain, and gender. We purposively chose interviewees from volunteers 

to give us a broad range of demographics. Our survey questions may have been 

misinterpreted by some respondents, and some may have not taken due care with the 

survey. We did our best to use terminology and brief explanations in the survey that 

developers would correctly interpret based on a pilot.

 Summary
We reported results of online survey and interviews of software engineers exploring 

challenges they face in addressing a range of human-centric aspects of their end users. 

Most software engineers share few human-centric aspect characteristics with some of 

their end user groups. Key challenges identified included lack of education, knowledge, 

experience, guidelines, and tools about ways to best address some end user human- 

centric aspects; difficulty in recruiting representative end users and working with them 

throughout development; sheer difficulty in addressing a wide range of sometimes 

conflicting human-centric aspects; inability to satisfy all potential end users with 

differing human-centric aspects; and lack of time, budget, and management support 

in addressing many of the aspects. We want to carry out observational studies with a 

small number of software teams to observe developers working on software to see how 

they discuss and address these issues. We also want to survey and selectively interview a 

range of stakeholders and end users of software applications to better understand their 

challenges using the software. We want these learnings to help us trial with developers 

and end users new SE processes, techniques, and tools to address (some of) the 

challenging, outstanding issues in human-centric aspects in software for end users.
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The tools and techniques that software engineers use to collaborate are critical in 

deciding who can contribute to software projects and the roles they can play within 

those teams. The consistent growth of UI developer job roles [7, 8, 9] has made many 

programmers seek UI engineering jobs. It is important to understand the accessibility of 

the profession and identify ways to make it more inclusive. We conducted two qualitative 

studies [10, 11] to better understand the strategies that mixed-ability teams – specifically 

teams where some team members identify as having a visual impairment and some  

do not – use to collaborate on user interface (UI) development. In this chapter,  
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we summarize and synthesize the findings from our prior studies to highlight the 

challenges programmers with visual impairments encounter in collaborative UI 

programming. The chapter concludes with recommendations for building more 

inclusive software engineering teams by fostering communication and help-seeking 

interactions, which we hope product teams would find valuable. We also derive 

implications for UI frameworks that aim to support accessible application development. 

These implications can inform the engineering choices of product teams as well as 

inform the efforts of researchers and developers building these frameworks.

 Background
Much of the existing empirical research has investigated the experiences of 

programmers with visual impairments as individual contributors. These prior studies 

offer insights into the challenges of creating websites from scratch using HTML (which 

is primarily responsible for defining a site’s content), CSS (which is intended to specify 

how browsers should visually render the content), and JavaScript (which is primarily 

responsible for specifying the interactive aspects of the site) [3, 4, 6]. Programmers 

with visual impairments have shared that they feel less confident about modifying 

CSS rules on their own [2, 5]. Layout editors within IDEs and browser inspector tools 

interface poorly with desktop screen readers such as NVDA and JAWS and tend to not 

provide pixel positions, relative locations, and dimension information. Therefore, they 

often seek sighted assistance to spot-check the CSS edits and verify the layout of their 

design [4, 6, 11]. To foster more independent UI creation, Andy Borka developed the 

Developer Toolkit [1], an NVDA add-on that informs developers of pixel location and 

dimensions of UI elements. Another approach is to represent the HTML in nonvisual 

form, for instance, using tactile printouts [4] or tactile beads that can be organized on 

sensing boards, to teach students about UI development [13]. Existing research suggests 

that programmers with visual impairments find UI development for mobile platforms 

easier than developing for desktops because they can use the screen readers’ gestures 

(e.g., single tap to explore the UI, double tap to select, swipe to move focus, etc.) to verify 

the size and position of UI elements [11, 12]. Programmers with visual impairments 

have leveraged the combination of touchscreens and cross-platform frameworks to 

develop UIs with relative independence for multiple platforms [10]. However, the 

aforementioned research does not reveal much about their collaboration with sighted 

developers and designers in the context of UI development. Prior research has mainly 
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reported on challenges in collaboration over technical diagrams, presentations, and 

data visualizations [4, 5]. Given the importance of teamwork and collaboration in UI 

programming, this chapter describes ways software development teams can improve 

their work practices and tools to foster the participation of programmers with visual 

impairments.

 Methodology
Our research was motivated by the program-l mailing list (program-l@freelists.org) – an 

active online discussion group for programmers with visual impairments to ask and 

share programming-related resources. We joined the mailing list in 2018 and regularly 

came across questions such as the following one, asking for accessible resources and 

tools to carry out UI development:

I want to learn to develop mobile apps for iOS and Android. I have both 
Windows 10 and MacBook Pro. I am totally blind so I’m dependent on 
JAWS and VoiceOver. The development stack is completely my choice. I am 
considering Xamarin and C#, Ionic and JavaScript, or React Native and 
JavaScript. My question is, what development stack are blind programmers 
having success in developing mobile apps?

Posts such as these revealed that programmers with visual impairments had to 

identify accessible frameworks and development tools before they could dive into 

UI programming. Our first study broadly focused on understanding the accessibility 

challenges across various programming activities such as pair programming and code 

reviews, including participants’ experiences learning and performing UI development. 

We conducted semi-structured interviews with 23 adult programmers with visual 

impairments (19 men, 4 women) between July 2019 and March 2020 [11]. Participants 

were between 21 and 73 years old. They hailed from the United States, India, China, and 

Europe and included software engineers, data analysts, freelancers, and researchers. The 

interviews elicited rich accounts about participants’ collaboration with other developers 

and designers, including details on challenges and workarounds they identified to work 

in contexts primarily designed for sighted developers.

In the second study, we focused on how the use of UI frameworks and libraries 

shaped the workflows of programmers with visual impairments [10]. We first scraped 

all emails from the program-l mailing list between 2018 and 2021. Next, we identified 
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the emails that seemed related to UI development by going over the posts’ subject 

lines. Finally, we randomly sampled 96 emails and their replies from the filtered set 

of emails. This was followed by semi-structured interviews with 18 programmers with 

visual impairments (17 men, 1 woman) between 19 and 46 years old. We recruited 

participants from the mailing list and r/Blind subreddit. The eligibility criteria included 

that programmers should have experience using UI frameworks such as React Native, 

Flutter, Angular, etc.

We refer to participants from study 1 and study 2 as P*-I (e.g., P1-I) and P*-II (e.g., 

P1-II), respectively. Quotes from the program-l mailing list are indexed as T* (e.g., T1). 

We obtained prior approval from the University of Michigan’s Institutional Review Board 

for both studies. We presented $15 and $30 USD gift cards (or their equivalent in local 

currency) to participants in studies 1 and 2, respectively.

 Analysis and Limitations
For both studies, we used open coding followed by inductive and deductive coding 

to organize the data into high-level themes pertaining to UI development and 

collaboration. The research team met weekly to discuss the emerging themes and wrote 

memos to identify the missing details in the data to refine the questions for subsequent 

interviews.

Despite our best efforts to have a balanced gender representation, our participants’ 

sample was skewed toward men. This was due to the software engineering field and 

the online communities we recruited from being largely male-dominated. Another 

limitation of our studies is that our participants and the mailing list members reported 

different vision-related disabilities. Since any disability falls on a spectrum, we refrained 

from analyzing the data based on the onset and the nature of the visual impairment. 

Instead, we distinguish between screen readers and assistive technologies such as 

screen magnifiers. Our findings report on developers’ experiences who primarily rely on 

screen readers and scope our recommendations to people interested in designing for the 

audio modality.

 Findings
We first discuss the collaborative experiences of programmers with visual impairments 

with sighted designers and developers, followed by their efforts in sharing their 

contributions broadly in the workplace.
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 Collaborating with Sighted Designers
UI development in software development teams often includes design discussions 

where developers and designers arrive at a mutual understanding of the UI’s form, 

functionality, and interactions. These discussions are centered around visual artifacts 

such as wireframes and design documents, which specify the design details for 

developers to utilize in UI construction. We found that the design specifications could 

range from detailed to high-level. A detailed set of specifications stated the colors, 

size, and placement of individual GUI elements, enabling our participants to plug 

the specifications directly into the UI code. However, it was essential to provide the 

documents in accessible file formats such as word documents or PDFs correctly tagged 

for screen readers.

A high-level design document lacked strict rules and guides, requiring the developer 

to approximate size and placement from the visuals provided. Our participants shared 

that they needed to seek sighted assistance more often with loosely defined design 

documents. They would reach out to sighted friends, colleagues, and family members 

to spot-check the interface they were developing. Specifically, they would ask sighted 

people to verify that all UI elements lay within screen margins, did not overlap, and were 

visible on the screen. Additionally, if tasked with making decisions regarding the visuals 

(color selection, font selection, etc.), they would ask sighted people to determine if the 

UI looked aesthetically pleasing.

Through our studies, we found that collaborating with designers entailed a lot of 

communication and discussion to understand the UI’s design. Participants mentioned 

that designers often struggled to describe the interface and omitted essential details that 

could help the participants visualize the interface. They felt responsible for framing and 

asking the right questions as well as narrowing down their questions to elicit the macro 

and the granular details from designers progressively:

When I put the question very precise one […], they answer and they are 
eager to answer. But if I ask, for example, can you give me an idea of the 
layout […], they used to say maybe much more than I need or maybe they 
miss some parts. It’s to me, just to try to at the beginning, to ask very, very 
precise questions […]. It’s not always easy to know which are the elements 
that they want to put on the page, so I try and to refine step by step.

—P13-I (quoted from [11])
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The discussions were more extensive when the UI in question had to be built from 

scratch using HTML and CSS. The conversations had to crystallize details regarding 

size, appearance, interaction, and the relative placement of widgets. If the team utilized 

existing components from a UI framework (e.g., Bootstrap, React Native, etc.), the 

communication became simpler – designers could cite the component to be used and 

state the expected modifications, and our participants could import them into the 

source code.

Several posts on the mailing list and accounts from our participants suggested that 

collaboration with designers helped programmers with visual impairments delineate 

between design and development roles and made them more confident about their 

programming skills. They shared how they came to understand that the ability to see 

had little to do with the ability to do UI development; designers were responsible for 

making the interface user-friendly and visually appealing, and as developers they were 

responsible for implementing the designers’ ideas:

My boss brought our company’s graphic designer into my department to 
help. He has taken my super-simple UI and turned it into something my 
company could show off. So there definitely is a certain art to it and vision 
is not the issue.

—T15-II (quoted from [10])

 Collaborating with Sighted Developers
When doing UI development, sighted developers often use GUI builders provided within 

IDEs such as Android Studio and Visual Studio. These are based on the WYSIWYG 

(What You See Is What You Get) paradigm. Users can drag and drop the widgets, modify 

their size, and adjust the relative placement to quickly create the UI with mouse-based 

interactions. However, mouse interactions are inaccessible to programmers with visual 

impairments, and GUI builders seldom support UI creation through keyboard shortcuts. 

Our participants reported typing the XML code by hand to create the UI. Accessible 

GUI builders were far and few in between, existing for select programming languages 

and IDEs. The different approaches to UI development led to some tensions during 

collaboration, which we describe in the following.
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Our studies revealed that typing the UI code often meant dealing with verbose 

source code for programmers with visual impairments. It presented challenges in code 

readability and navigation with screen readers. The problem was exacerbated when 

modifying the UI, requiring them to recalculate the values for dimensions and positions 

and update the source file throughout. Their sighted colleagues could adjust these 

values by looking at the UI in the GUI builders. The XML code that represents the UI is 

often nested, which made it difficult to identify the location of visual parameters that 

needed to be updated:

I just found myself overwhelmed by the number of options and layouts with 
very little idea how to make sure they do what I want. I lose track once I am 
about two levels deep into the user interface element structure.

—T2-II (quoted from [10])

The use of GUI builders also led to generic variable names for UI controls, which 

further affected navigation. Since sighted programmers did not deal with raw code, 

they did not always realize how the poor variable names could cause confusion for their 

colleagues:

Putting 2 buttons on a WPF designer surface, then tabbing around, forces 
the screen reader to say “grid,” “button,” “button,” “window.” What button is 
what one? The (WPF) designerneedstoassign default names to controls 
dropped on the designer surface and expose them to screen readers.

—T56-II (quoted from [10])

One of our participants shared that he had given strict instructions to his team to 

modify the variable names to descriptively map to UI controls’ functionality before 

sharing the source code with him.

Incorrect focus or tab order was another common issue due to the differences in 

approaches to UI development among our participants and sighted programmers. We 

found that sighted people would randomly drag and drop the UI components when 

creating the UI. While this did not alter the visual representation of the UI, it significantly 

affected the interaction for people with visual impairments by altering the focus order on 

screen readers (see Figure 8-1), thereby impacting the debugging and testing workflows 

for programmers with visual impairments.
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Figure 8-1. Effect of dragging and dropping form elements in the wrong order on 
screen reader focus order

Participants also shared that they often had to advocate for adoption of accessible UI 

frameworks and code editors. These decisions were often taken by developers on the team 

collectively. However, if the choice suffered from poor accessibility, it would impact the 

productivity of our participants and ultimately affect the collaboration workflows among 

developers. One participant shared that he convinced his team to program the Android 

application using Xamarin in Visual Studio instead of writing the code natively in Android 

Studio. The participant found the programming environment offered by Xamarin and 

Visual Studio more accessible and, therefore, a more productive option for him.

Occasionally even the more accessible choice could be rendered inaccessible in part 

due to software updates. For instance, P17-I and his team used Visual Studio. However, 

upgrading to the 2019 version from the 2017 one impacted certain settings with the 

screen reader. P17-I had to work out of both versions to maintain an accessible workflow 

for himself as well as keep the project compatible with the rest of the team.

When programmers with visual impairments joined existing projects where the team 

had already made the decisions about the technical stack, they had to deal with legacy 

UI code. Participants shared how sighted developers were unlikely to have implemented 

accessibility for screen readers while developing the UI. The lack of accessibility kept 

them from interacting and experiencing the UI independently, preventing them from 

building a full context of the project. In addition, it could interrupt debugging and 

testing workflows. It was also difficult to add the relevant accessibility modifiers, such 
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as ARIA labels1 or APIs, to legacy code to make it accessible. The decision to do so 

could also require approval from senior management, who would base it on the time 

investment in making the code accessible vs. the impact on the developer’s productivity 

without these changes. Plus, asking the team to improve legacy UI’s accessibility as a 

new team member foregrounded the developer’s disability and could lead them to form 

misperceptions about their ability as a programmer.

 Sharing Contributions in the Workplace
We found that accessibility challenges would also hinder programmers with visual 

impairments from sharing their code contributions more broadly. The stakes differed 

significantly when they had to present internally to the team vs. when they had to 

demonstrate their work externally to stakeholders and clients. In the case of the former, 

inaccessible tools and work practices would prevent our participants from participating 

in meetings such as discussions of the system architecture. One participant (P16-I) 

mentioned that after his annual review, he and his manager mutually figured out a way for 

him to contribute to such team discussions, including creation of diagrams and visuals. 

However, not every participant had a similar positive experience. They had to often forgo 

participation in these activities as primary contributors and let other team members take 

the lead. This ultimately could impact their career trajectories within the organization.

When presenting to clients and stakeholders, participants expressed concerns 

about the UIs glitching or breaking down due to the accessibility issues in the technical 

stack. These could suggest poor quality of work by them and their team. One participant 

mentioned that he sometimes recorded the presentation ahead of time to avoid 

demoing the UI live to people. Another participant shared that he preferred handling 

the narration and had a sighted colleague operate the UI using mouse interactions. This 

avoided issues that might arise due to poorly operating the UI with screen readers:

If it’s a demo for stakeholders or an audience outside of the team […], I ask 
someone else from my team to drive the visuals and I do the technical nar-
ration […]. It’s hard when I’m the one dealing with the visuals.

—P3-II

1 Accessible Rich Internet Applications (ARIA) is a set of roles and attributes that define ways to 
make web applications and content more accessible for users with disabilities.
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 Discussion
Our research studies were motivated by the limited reporting of collaboration within 

mixed-ability teams and the fast rise in UI development jobs, whose lack of accessibility 

can tilt the playing field against programmers with visual impairments. Our findings 

highlight the challenges that programmers with visual impairments face when 

collaborating with sighted developers and designers as they do UI programming. In 

this section, we discuss how our findings can inform the practices within mixed-ability 

software engineering teams as well as the design of UI frameworks.

It is not enough for the “tools” that most people associate with software and UI 

development – IDEs, code editors, browsers, etc. – to be accessible. Accessibility 

breakdowns can also occur as the result of collaborative practices or communication 

tools. For example, pair programming can limit the roles of programmers with visual 

impairments [11] unless accommodations are made to enable them to serve as the 

observer. In the case of UI programming, relying solely on inaccessible collaborative 

artifacts (like visual drawings and wireframes) or inaccessible tools for communication 

can restrict the roles in which programmers with visual impairments can serve. 

Providing nonvisual alternatives to these (e.g., text-based descriptions, accessible PDFs, 

tactile printouts, etc.) will enable more inclusive team discussions and collaboration.

Further, many tools can be inaccessible in subtle ways. For example, a code editor 

might be working fine, but updates may modify certain settings. Similarly, editor plugins, 

add-ons, and configuration tools might create accessibility problems [11]. With a heavy 

reliance on third-party APIs and frameworks, the scope of tools that are essential for 

development has also expanded. For example, programmers might rely on cloud 

services with advanced configuration tools. For some programmers, these tools are 

just as important for their work as their IDEs, and accessibility problems can represent 

significant barriers to progress.

Sighted team members often do not realize the impact of inaccessible UI 

frameworks, programming tools, and documentation on their colleagues with visual 

impairments. For instance, designers would share loosely defined or inaccessible design 

documents that required programmers with visual impairments to ask precise questions 

about the UI. Developers would select inaccessible UI frameworks and code editors 

for development, in which case programmers with visual impairments had to either 

convince their team to switch to more accessible alternatives or work with the choices 

made by their colleagues. These findings illustrate the additional communication and 

articulation that programmers with visual impairments must perform in mixed-ability 
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teams. However, the workplace and the team have to offer an inclusive environment 

for programmers with visual impairments to communicate and advocate for accessible 

software and practices. It is also important to note that our participants were often the 

only team members advocating for accessible tools and educating team members [10, 

11]. This work on advocacy and education can come with a social cost within their 

workspace and represent additional hidden work and can have implications for their 

future career prospects.

One way to inform sighted team members about accessibility is by improving the 

documentation of UI frameworks and programming tools. If the official documentation 

emphasizes compatibility with screen readers, much like how they emphasize 

compatibility with various operating systems, it can be the first step toward enabling 

informed software choices among teams. It would also prompt people behind 

programming tools to think more deeply about accessibility, and they describe it in the 

documentation. For example, UI frameworks would then be more mindful about calling 

their components as “out-of-the-box accessible” and use more accurate descriptions.

Large technical companies tend to have their own internal code authoring 

guidelines, which software engineers are expected to follow. Prioritizing the code writing 

preferences of programmers with visual impairments can be made part of these code 

styling guidelines. These include (1) using camel case for variable names to enable 

appropriate announcement on screen readers, (2) avoiding generic identifiers, (3) 

modifying the generic names assigned to UI elements by GUI builders, (4) including 

descriptive comments to facilitate quick search and navigation in source code, and 

(5) following the screen reader focus order when creating the UI. This would not only 

ensure accessible UI code from sighted engineers but also reduce the articulation that 

programmers with visual impairments have to do in the workplace.

 Conclusion
In this chapter, we summarized and discussed findings specific to UI programming from 

our prior studies. Our reporting of the challenges and recommendations can be valuable 

to the software engineering teams, researchers, and creators of UI frameworks and tools. 

It can help them make the profession of UI development and the related collaborative 

activities more accessible to programmers with visual impairments.
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The Role of Ethics in  
Engineering Fair AI (and Beyond)
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The decisions we make are typically influenced by our principles and values, or 

our ethics. Ethics guide us toward what we believe to be the best course of action. 

This decision-making process is particularly important in the context of software 

development, as our society relies on software for critical systems and increasingly relies 

on artificial intelligence (A)–driven software in these systems. Ethical decisions made by 

software developers of these systems can therefore have amplified impacts. Thus, it is 

essential to understand and support ethical practices in software development.

Rarely do software developers actively think about or openly discuss whether their 

actions are ethical. However, whether or not developers consider ethics when making 

decisions, their decisions often have quite tangible impacts on society that regularly 

capture media attention. By examining the software development process through 

the philosophical lens of ethics, we can better understand the types of decisions that 

software developers make and how to better support them in refining and applying their 

ethical principles.

We argue that diversity, equity, and inclusion are three core principles that ought 

to be considered under the umbrella of ethical software development. If we encourage 

ethical practices, we are inherently making foundational strides toward these principles. 

In this book chapter, we will bring these aspects to the forefront of our discussion of 

ethics in software development. More specifically, in this chapter we will
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• Examine a case study that demonstrates the importance of ethics in 

an AI-driven software development environment by highlighting the 

potential harms when unethical software persists.

• Explore ethics from a philosophical perspective and discuss how 

existing frameworks can be applied in the context of software 

development.

• Discuss existing efforts in understanding and supporting ethical 

decision-making in software development, specifically how software 

developers think about the role of ethics in their decision-making 

and signals they use to indicate when and how they are thinking 

about ethics.

• Outline existing tools and techniques that support ethical decision- 

making and other ways we can work toward explicitly considering the 

ethics behind decision-making throughout the process of building 

and maintaining software.

 Making a Case for Ethics
There are many examples that help emphasize the importance of making explicit ethical 

considerations when building technology [9, 13]. Anecdotes range from the “Dieselgate” 

scandal where Volkswagen vehicles were programmed to evade emission regulations 

[12] to racial bias in algorithms and software used in criminal justice [1, 5, 8, 21]. To 

illustrate the value of explicit ethical considerations, in this section we will examine 

one of these many case studies. Namely, we will examine the work done by Obermeyer 

and colleagues to identify racial bias, and ultimately improve equity, in healthcare tech 

[10, 14].

Despite the numerous examples of tech gone wrong, more and more we are seeing 

technology injected into everyday societal interactions and decision-making processes. 

There is no silver bullet to solving the problem of biased technology. However, there are 

actionable ways we can work toward reducing and eventually eliminating inequitable 

outcomes.
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 “Dissecting Racial Bias”
In 2019, Obermeyer and colleagues identified bias against Black patients in a diagnostic 

and treatment algorithm used widely across the United States [14]. Collaborating with 

an academic hospital, they collected and analyzed the algorithmic risk scores for 6,079 

patients who self-identified as Black and 43,539 patients who self-identified as White. 

Their data covered 11,929 and 88,080 patient-years, respectively, where 1 patient-year 

refers to the data that was collected from one patient in one calendar year.

The data and various analyses conducted by Obermeyer and colleagues pointed to a 

higher need for healthcare among Black patients. In other words, they found that Black 

patients exhibited more “illness burden,” or a greater incidence rate of chronic illness. 

However, their analyses also found that the algorithm in question erroneously assigned 

similar risk scores to ill Black patients and healthier White patients.

The root cause of this bias was the fact that the algorithm used healthcare costs as 

a proxy for health risk. Black patients with higher risks for chronic illness had similar 

healthcare costs when compared with healthier White patients. One explanation for this 

was a correlation between race and income. Black patients in the study were more likely 

to have lower incomes and thus less likely to have access to and engage with the medical 

system (even when insured). This lower engagement has been studied and linked to 

factors such as reduced trust and differences in access to healthcare, among others.

So what action can we take to help balance the scales?

 Seeking a Solution
The results of the studies conducted by Obermeyer and colleagues point to the impact 

decision-making can have on technological outcomes. By choosing cost as the predictor, 

given the fact that Black patients are generating fewer medical expenses, accurate 

predictions yielded inequitable outcomes.

While cost prediction as a proxy for health risk score accuracy seems reasonable, 

according to Obermeyer and colleagues, we could and should be doing more. One 

suggestion was that perhaps it makes more sense to focus on “future avoidable costs,” 

which would be those associated with emergency care and hospitalization. Or maybe 

we move away from predicting the costs of healthcare and instead use a more direct 

measure of health, such as the number of active chronic health conditions.
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To better understand the potential for label choice to reduce bias in this case, 

Obermeyer and colleagues conducted a series of experiments that started with the 

development of three new models. These models are used to predict the following 

outcomes:

• Total cost in year t: Overall, how much will patients spend on 

healthcare in a year?

• Avoidable cost in year t: These are just the costs associated with 

emergency room visits and hospitalizations.

• Health in year t: This is determined based on the number of chronic 

condition flare-ups in year t.

They trained each model on a random two-thirds subset of their data and tested 

their models on the remaining one-third. They also excluded race from the training 

data. The three models all performed reasonably similarly at predicting the three 

outcome variables (total cost, avoidable cost, and health in year). However, depending 

on the model chosen, the composition of the highest-risk group varied drastically. For 

the models trained to primarily predict the healthcare costs of patients, Black patients 

comprised 14.1% of the highest risk category. On the other hand, for models trained to 

primarily predict chronic conditions, Black patients comprised 26.7% of the highest risk 

category.

This variation in outcomes based on label choice could be seen as an 

insurmountable challenge and inherent feature of learning algorithm use. We see it 

as an opportunity, as Obermeyer and colleagues did, to be more informed and take 

intentional action to actively consider the ethical implications of the choice we make 

while developing software.

Following the publishing of these findings, the authors joined forces with 

the company that developed the original cost predictor algorithm to make these 

improvements in practice [10]. While not always an easy or straightforward process, 

decision-making is the control developers have over the outcomes of the technology 

they produce regardless of the domain.
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 The Philosophy of Ethics: Defining “Ethical”
Notions of ethics have been discussed by philosophers since long, long, before the 

Obermeyer study and the rise of modern software development and the increased use 

of AI. In this section we will briefly summarize a few of these pre-existing philosophical 

frameworks and explore how they can be applied in the context of software 

development. Here, the key question we’ll focus on is one of normative ethics: what 

constitutes “ethical” behavior? Three prevailing philosophical theories that approach 

this question are deontology, consequentialism, and virtue ethics.

Deontology: The theory of deontology, or duty ethics, states that behavior can be 

deemed ethical or unethical by strictly applying some universal set of moral rules or 

laws, for instance, “do no harm” or “do not steal.” Under this theory, we can disregard 

situational factors such as an individual’s intent as well as the consequences of their 

actions, so long as their behavior adheres to a particular set of moral rules. Of course, 

philosophers disagree over which moral rules should be used and whether they 

should be derived from a divine power, nature, or some other source. In the context 

of software development, many organizations, like the ACM, have begun to capture 

and describe what could be considered a set of domain-specific moral principles. For 

instance, the ACM Code of Ethics includes principles like “Respect privacy” or “Be 

honest and trustworthy.”1 (For a more thorough discussion of codes of conduct, which 

have become increasingly pervasive in open source software development, refer to 

[Chapter 17, “Codes of Conduct in Open Source”].)

Consequentialism: The theory of consequentialism argues that the consequences 

of our actions are more important than any set of rules or laws. Positive actions are 

those that result in some benefit to the actor or to society. This theory is tied to notions 

of utilitarianism, or the argument that actions are good if they maximize benefit 

for the majority of people. A common critique of utilitarianism is that actions that 

consistently benefit the majority may also consistently harm minorities. In the field of 

software engineering, we might view grey-hat hackers (security engineers who identify 

vulnerabilities in systems, sometimes without prior authorization) as consequentialists. 

Grey-hat hackers may not subscribe to rules like “do not hack.” Instead they could argue 

that the consequences of their actions (revealing potentially harmful vulnerabilities 

before malicious actors are able to exploit) provide greater benefit to society.

1 www.acm.org/code-of-ethics
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Virtue ethics: The theory of virtue ethics can be traced back to the ancient Greek 

philosophers Plato and Aristotle. In contrast with deontology and consequentialism, 

virtue ethics claims that ethical behavior stems from who we are as people, rather 

than a set of rules or the consequences of our actions. This perspective argues that it is 

more important to have and to develop good character over one’s lifetime. Under this 

framework we might think of individuals as “good” or “bad” software developers.

 Understanding Ethics in Practice
In this section, we outline previous studies that empirically examined the state of how 

practitioners view ethics. Here we focus both on previous works that examined AI-driven 

development practices and more general software development practices. In contrast 

to studies that aim to evaluate interventions, which will be discussed in later sections, 

research in this section studied the question of ethics more broadly.

Much of the limited work in this space has been conducted by Vakkuri and 

colleagues [17, 18, 19, 20]. In a series of studies, this research group has conducted 

case studies [17, 20], semi-structured interviews [18], and a survey of practitioners 

[19]. Their findings characterize how software developers implement (or disregard) 

ethics in some types of AI-driven systems. For instance, in startup-like environments, 

Vakkuri and colleagues report that developers take responsibility for issues related to 

software development, such as finding bugs, and they generally care about ethics on a 

personal level. However, little is done to tackle ethical concerns that arise during product 

development [18]. A separate study reveals a similar disconnect in the development 

of autonomous cyber-physical systems – developers unanimously indicate that they 

consider ethics useful to their organization, but also unanimously report that their 

practices do not account for ethics [20].

In another attempt to better understand how developers are thinking about and 

applying ethics in practice, specifically in the context of AI technologies, Vakkuri and 

colleagues surveyed over 200 developers across over 200 software companies to gain 

insights on the state of practice in AI ethics [19]. Their sample included companies that 

build AI-enabled technologies as well as those that do not. The survey asked developers 

to evaluate the importance of various ethical concepts, such as transparency and 

responsibility, and recount experiences dealing with software unpredictability. Their 

findings suggest that while ethics is not completely absent from the software landscape, 

the state of practice is a mixed bag and mostly immature or undefined.
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Most recently, Lu and colleagues conducted an empirical study with 21 practitioners 

at an Australian research agency to better understand how AI ethics is being considered 

and applied in practice [11]. They found that while AI practitioners are sometimes 

explicitly taking ethics into consideration, they lack guidance on how to operationalize 

ethical principles. Based on their findings, as well as other existing efforts, they offer 

a template, or list of patterns, that AI practitioners can use to better integrate ethical 

practices into their work.

While there has been a recent increase in interest around ethics in software 

development due to the rapid advancement and integration of AI technologies, research 

on ethics in software development has been happening for decades. Much of this work 

involved case studies aimed at better understanding the role of ethical decision-making 

in software development and how to adequately support it. For example, Stapleton 

studied the effects of not making ethical considerations in large-scale software systems 

and found that ethical issues may be more complex than they seem but that lacking 

ethical considerations can have an impact on project outcomes [16]. Others have also 

conducted case studies to better understand ethics in practice in various domains and 

contexts [2, 7, 15] and studied the effects and implications of code of ethics in practice 

[6, 13].

 Supporting Ethical Decision-Making
Researchers and practitioners have proposed numerous interventions to better support 

the ethical software development, most of which aim to support the development of 

AI and machine learning (ML) software systems. Some of these contributions take the 

form of actionable frameworks and guidelines, while others are tools that can be used 

for various tasks throughout the development process. In this section, we outline some 

of the many existing contributions to ethical software development practices. All of the 

works discussed in the following, along with others, can be found in our short paper on 

ethical software development practices [9].

 Ethical Frameworks
Over the years, there have been numerous contributions to ethics in the form of 

frameworks, principles, or guidelines. For many existing efforts, an important goal to 

achieve is ethics by design. Prior efforts have proposed the concept of “ethical by design” 
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and provided some best practices in general and specific domains, such as natural 

language process (NLP) systems. The frameworks that emerged to accomplish the goal 

of ethical by design vary. Some propose new entities that can be integrated into existing 

processes to explicitly review and support ethical considerations from algorithmic 

design all the way to system design.

Other frameworks that aim to support ethical design take a more stakeholder- 

centric approach that centers on effectively integrating stakeholders for identifying and 

addressing potential ethical concerns. This includes an ethical by design manifesto, 

which outlines principles for supporting various software stakeholders when attempting 

to integrate ethical concerns in the design process. Considerations in the space of ethical 

by design frameworks include offering alternatives to support shared, decision-based 

usage and designing through empathy for users. All of these efforts aim to increase 

accountability and responsibility for potential impact on users and other stakeholders 

when designing software systems.

While there is a concerted effort to integrate ethical considerations before 

development, some existing frameworks aim to support ethical considerations 

throughout the entire software development pipeline. These frameworks provide 

guidelines to be followed before, during, and after system development.

Many of these efforts centered on supporting both ethical decision-making and 

providing practitioners with insights into the consequences of their decisions. A specific 

example of this is the “ethics-aware software engineering” framework, the steps for 

which are depicted in Figure 9-1. This framework centers on a more exhaustive view 

of ethics beyond just artificial intelligence technologies and the engineers developing 

the software. It starts with the articulation of ethics requirements and organizing them 

into an ethics specification, followed by implementation of both software and processes 

centered on that specification and lastly verification and validation of the software 

against the ethics specification. As implied by Figure 9-1, this is intended to be an 

iterative process.
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Figure 9-1. Visualization of the methods from ethics-aware software 
engineering [3]

The researchers who proposed this framework describe four “enablers” that can be 

used to facilitate the adoption of ethics-aware software engineering:

• Ethics knowledge is required for each phase of the framework and 

refers to the process of specifying what is and is not considered 

ethical. This speaks directly to the articulation and specification 

portions of the framework.

• Awareness connects practitioners to ethical issues and their 

potential impacts (which as we’ve mentioned is an important step in 

realizing ethical decision-making).

• Conscious valuing goes beyond awareness to placing value behind 

ethical issues that pertain to the software system. It’s generally after 

adding value that requirements start to form and specifications can 

be documented.
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• Transparency is important in software development to ensure that 

the behavior of the artifact and the development processes align with 

specifications and ethical requirements. This is achieved by making 

both the processes and the artifact’s behavior visible for validation.

Another specific example of an ethical framework that targets AI-based systems is 

Australia’s AI Ethics Framework [4]. Their framework is separated into two components: 

core principles for AI and toolkits for ethical AI. Core principles range from the common 

mantra “do no harm” to promoting regulatory and legal compliance of AI technologies. 

The framework’s focus on implementing ethical AI outlines tool support that ranges 

from assessing impacts and risks to supporting collaboration and consultation.

Efforts to develop frameworks and guidelines that can be applied in practice are a 

meaningful step toward realizing ethical software practices. However, studies have shown 

that the existence of guidelines may not be enough to effectively support ethical decision-

making. In both research and practice, there have been efforts to bridge the gap between 

ethics principles and in-practice. Much of the effort in this space has been centered on 

connecting principles to action. For some frameworks this means grounding guidelines 

in strategies from relevant domains to support actionability. For others, it means mapping 

elements of the framework to relevant information, such as concerns and actions, 

that directly point to rationale and course of action. The goal of these action-focused 

frameworks ranges from individual developer support all the way to industry-level support.

 Ethics Tools
Separate from the ethical frameworks that continue to emerge, there is also a steady 

increase in the tools that are being developed to support ethical software development 

practices. Many of these efforts have focused on increasing software fairness, and most 

aim to support development of AI-driven systems.

One of the first published efforts at providing fairness tooling was FairML,2 a toolbox 

aimed at mitigating bias in black-box machine learning models. FairML provides 

support for evaluating the effects of inputs on a model’s decision-making to determine 

the effects on fairness.

In 2018, IBM introduced AI Fairness 360 (AIF360), a Python toolkit for measuring 

and mitigating bias in machine learning models.3 The toolkit provides an exhaustive 

2 https://github.com/adebayoj/fairml
3 https://aif360.mybluemix.net/
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and extensible set of open source models and algorithms, along with fairness metrics 

for models and datasets. Similar to AIF360 is Aequitas, a Python toolkit for systematic 

auditing of model fairness.4 As with most fairness tools, Aequitas was designed to be 

used by data scientists; however, it was also designed for use by policy makers. It also 

provides tooling for analyzing bias in datasets and determining optimal metrics for a 

given situation.

In the same year, we saw the introduction of Themis, the first tool designed to 

test any kind of software for discrimination.5 Similar to other available fairness tools, 

Themis works based on common definitions of fairness. In contrast, Themis allows for 

measuring and detecting bias in software separate from any model that may (or may 

not) be integrated into the software. Themis also generates tests that engineers can take 

advantage of in their own test suites.

The contributions to this space, specifically with respect to ethics in AI and ML 

software systems, continued in the years to come. This includes tools like fairkit- 

learn,6 FairVis,7 Fairlearn,8 FAT Forensics,9 and the LinkedIn Fairness Toolkit (LiFT)10 

that support detecting and measuring bias during model training and selection. LiFT, 

introduced in 2020, is a Scala/Spark library that supports measuring and mitigating bias 

in large-scale machine learning workflows. Unlike other fairness tools, fairkit-learn, 

FairVis, and Fairlearn use visualizations to support the ability to explore and discover 

biases in machine learning models. Fairkit-learn and Fairlearn provide additional 

unique features, such as interactive comparison and fairness and performance tradeoffs. 

FAT Forensics is another unique tool that also supports the inspection of accountability 

and transparency aspects of machine learning software.

As we have outlined, there is no shortage of interventions available for attempting 

to support ethical decision-making during software development. Check out our paper 

on ethical practices to learn more about these efforts and others [9]. While none of these 

solutions provide a “silver bullet” for the problem of ethical decision-making in software 

development, collectively they provide hope for a more equitable technological future.

4 https://github.com/dssg/aequitas
5 https://github.com/LASER-UMASS/Themis
6 https://github.com/INSPIRED-GMU/fairkit-learn
7 https://github.com/poloclub/FairVis
8 https://fairlearn.org/
9 https://github.com/fat-forensics/fat-forensics
10 https://github.com/linkedin/LiFT
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 Summary
In this chapter, we made an argument for ethical decision-making as the umbrella over 

diversity, equity, and inclusion efforts. For those who skipped to the credits, let’s 

recap :

• Ethical concerns, such as fairness and safety, are addressable when 

explicitly considered.

• There is more than one way to define ethics, but all definitions are 

centered on the actions taken by an individual (or organization) 

and why.

• While ethics has a long history in the context of computing, most of 

the recent efforts have focused on ethics when developing machine 

learning– and artificial intelligence–based software systems.

• Research has provided some insights into ethical software 

development practices (though much more is needed to understand 

and support ethics in practice).

• There are numerous frameworks and tools available to support 

ethical software development practices, many of which target 

components of AI-based software systems.

By encouraging and supporting ethical decision-making with concepts like “ethical 

by design” and frameworks like ethics-aware software engineering, we can work toward 

realizing ethical software development in practice.
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This chapter presents, from our research on inclusive software within the context of a 

diversity and inclusion–based STEM program at the University of Victoria, INSPIRE: STEM 

for Social Impact (hereafter Inspire).1 In a society with an ever-increasing reliance on 

technology, we often neglect the fact that software development processes and practices 

unintentionally marginalize certain groups of end users. While the Inspire program and its 

first iteration in 2022 are described in detail in Chapter 26, “Software Engineering Through 

Community-Engaged Learning and an Inclusive Network,” here we describe our insights 

from an analysis of the development processes and practices used by the teams. We found 

that empathy-based requirements gathering techniques and certain influences on the 

software development teams’ motivation levels impact the teams’ ability to build inclusive 

software. This chapter begins with an explanation of the Inspire program and a discussion 

on what the term “inclusive software” actually means in our context before highlighting 

useful practices for designing inclusive software.

1 inspireuvic.org

https://doi.org/10.1007/978-1-4842-9651-6_10
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 INSPIRE: STEM for Social Impact
The Inspire program at the University of Victoria was designed to empower 

underrepresented individuals in STEM with the ambition of increasing the retention 

of minority groups in STEM fields. The program consists of assigning enrolled 

students (both undergraduate and graduate) to a four-month-long internship on a 

community-led project based on students’ expressed interest. Each project required 

students to solve a local community problem using their various STEM skills. As each 

project was closely tied to a real community partner, success in these undertakings 

yielded observable impacts for real clients, thus empowering our students. For example, 

we had a team of students create a website for the Victoria Brain Injury Society (VBIS) 

that was navigable by patients with acquired brain injuries. This allowed many patients 

to regain a sense of independence and autonomy over their own recovery program. We 

also had a team of students create a platform to help shelters coordinate available beds 

to assist women fleeing domestic violence or facing homelessness. As we had allowed 

students to choose which project they would work on, they were passionate about the 

cause of their projects, which has been shown to boost motivation levels [8].

Each team of four to five individuals were diverse in terms of academic background, 

and other salient characteristics, although it is important to note that students were 

not assigned to teams based on diversity. Among the 24 students in the program, 10 

identified as female, 12 identified as male, and 2 preferred not to disclose their gender. 

Nineteen students came from the undergraduate level and five from the graduate level. 

The students were also diverse in terms of (1) academic background – they came from 

computer science, software engineering, electrical engineering, mechanical engineering, 

biomedical engineering, physics, chemistry, and business – and (2) ethnicity: our 

students were South Asian, East Asian, Black, Arab, Hispanic, Indigenous, and White. 

The teams went through several phases over the course of the four-month-long project. 

These phases followed the suggestions of enterprise design thinking (DT), an empathy- 

based approach to gathering and eliciting requirements from end users for creative 

projects such that end users have a voice in how a product is designed for them [2].

The students were asked to submit a weekly individual reflection in addition to a 

weekly team reflection. By analyzing these reflections, we were able to learn about the 

challenges faced by software developers in making inclusive software. Previous research 

already suggests that software developers find considering the needs of their diverse end 

users challenging [10]. Thus, we look deeper into this problem and discuss techniques 

that are effective in encouraging inclusive software development.
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 Research Methods
The student reflections as described previously were our main source of qualitative data, 

in addition to several interview and focus group sessions conducted with the Inspire 

students. We analyzed approximately 400 reflections and 20 interview and focus group 

sessions using Braun and Clarke’s [1] six-step thematic analysis process, which is a 

widely used method to identify, analyze, and report patterns or themes that represent 

important information from the data in relation to the research question. The steps of 

this method are (1) familiarizing with the data, (2) generating initial codes, (3) searching 

for themes, (4) reviewing potential themes, (5) defining and naming themes, and (6) 

producing the report [1]. We analyzed the data for evidence of challenges designing 

inclusive software and also looked for how students responded to the practices outlined 

in the following in terms of their effectiveness in helping create inclusive software.

 Inclusive Software
The term “inclusive software” seems intuitive upon first glance. We aim to create software 

that meets the needs of all potential end users of the software product. However, upon 

further thought, an overwhelming problem becomes apparent. The current state of 

knowledge defines inclusive software as software that is completely usable by any 

end user for any task [11]. To understand the magnitude of this problem, we can take 

a look at a widely used application such as Google Chrome. Can such an application 

realistically meet the needs of every possible end user? Which accessibility or usability 

issues should be prioritized during the development process? How should these issues 

be prioritized?

A problem with such a large scope is understandably difficult to tackle. As a result, 

modern software developments frequently fail to meet the needs of potentially diverse 

end users [5]. Unfortunately, this renders many software products difficult or unusable 

by certain user groups [5]. The idea of inclusive software itself brings an entirely new 

lens into the software development cycle, which traditionally consists of technical 

steps such as requirements defining, solution building, and testing [6]. Though 

effective, these traditional methods typically neglect human-centric issues. Previous 

work by Khalajzadeh et al. categorizes these human-centric issues into eight groups: 

Inclusiveness, Privacy and Security, Compatibility, Location and Language, Preference, 

Satisfaction, Emotional Aspects, and Accessibility. This work thus defines human-centric 
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problems as “the problems that diverse end users face when using a software system, 

due to the lack of proper consideration of their specific characteristics, limitations and 

abilities.” For now, we consider inclusive software as software that considers all of these 

human-centric issues, and we explore practices that help developers do so.

 Repairing the Digital Divide
Before delving into the practices we can employ to create more inclusive software, it is 

important to recognize why the concept is so important in the first place. A movement 

toward creating more inclusive software can help ensure that a broader range of end 

users can use a software product. While this may include those with disabilities, it also 

should consider those of different backgrounds, cultures, genders, ages, languages, etc. 

Furthermore, when a software product can be used by more end users, the associated 

organization benefits as the chances of successful adoption increase.

Software products that contain biases discriminate against certain groups of end 

users, both subtly (perhaps in an underlying algorithm) and explicitly (a feature of the 

user interface). These biases have the potential to affect the health of an individual, 

community, and even entire organizations [12]. A popular example in the software 

engineering community that highlights the detriment of non-inclusive software is 

gender. Previous research suggests that many software applications, everything from 

programming environments to educational platforms, favor males [12]. Biases in such 

software thus have the potential to deter other genders from this technology. Gender, 

however, is only one dimension of discrimination. Truly inclusive software must mitigate 

such discrimination across multiple dimensions.

Software that fails to be inclusive or unethical software has an incredible impact 

on our world. With software dictating many facets of our lives [13] that we often don’t 

notice, an unintentional bias may be woven into our everyday lives. However, the 

biases seen in increasingly popular software developments such as machine learning 

algorithms likely come from those creating the software products [13]. For example, in 

2015, Flickr’s image recognition feature was flagged for yielding racist results, as it was 

unable to accurately identify those of African descent [13]. This raises questions on 

whether or not the training set for this algorithm included enough samples of diverse 

races in the first place. With these considerations in mind, it becomes apparent that 

much of a team’s biases affect the inclusiveness of the software that they produce. This 

leaves us with the question: despite inevitable human biases, what software development 

practices help teams create inclusive software?
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 Design Thinking for Inclusive Software
All five projects in the Inspire program had a very unique subset of end users, each 

containing different dimensions of diversity that the teams had to consider. In the 

Inspire program, we relied on the expertise of each community partner to help us decide 

on how inclusive the software produced by each student team was. For example, the 

team that created a website for patients with acquired brain injury had to consider many 

needs of various patients, as brain injuries are each unique in terms of the cognitive 

deficits they impose. The community partner at the Victoria Brain Injury Society was 

pleasantly surprised at how accommodating the features of the website were. Another 

Inspire project resulted in a system to track visitation patterns to a local nature sanctuary 

in order to protect endangered species. The community partner for this project was 

again delighted with how our students were able to solve this problem in a manner that 

worked for all potential site visitors and respected all privacy regulations and concerns. 

Our third project required Inspire students to come up with creative requirements 

elicitation methods to engage youth in discussions surrounding climate change and 

climate change anxiety. This was especially challenging as youth are particularly 

vulnerable to negative emotions surrounding climate change and can also be more 

challenging to engage for sustained periods of time. The fourth project in Inspire was 

especially concerned with gathering requirements in a delicate and respectful way, as 

this team was engaging with women+ individuals fleeing domestic violence and/or 

experiencing homelessness. Students on this project had to be prepared to deal with 

different levels of severity of the client’s personal situation and tread carefully to avoid 

offensive or triggering language. The fifth Inspire project dealt with creating a platform 

to show climate risk zones in our local region (i.e., highlighting areas prone to flooding, 

landslides, and other natural threats). In this case, the potential end users for this project 

were anyone in our local community, and the team was tasked with being inclusive of 

varying levels of technological literacy.

 IBM Design Thinking
Success in the Inspire program can be attributed to the software design methodologies 

we taught our students to employ. IBM’s version of design thinking (DT) and resources 

on the process were provided and taught to our students. As previously mentioned, 

software development strategies such as Agile are very effective but often neglect the 

needs of the end users. This is where design thinking (DT) is particularly effective. 
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DT is a development methodology that involves prioritizing the feelings and wants 

of the intended end user during the requirements gathering process as opposed to 

treating human-centric requirements as an afterthought [7]. Typically when software is 

developed, the main features are implemented, and accessibility options are then added 

into the interface. However, in considering users’ needs during requirements elicitation 

and implementation, there is an improved emphasis on satisfying user needs [7].

The phases of DT, also employed by the Inspire program’s students, are as follows [7]:

• Understand: Focus on gaining empathy for end users’ pain points.

• Explore: Generate solution ideas while avoiding overly simplistic 

solutions.

• Prototype: Iterative series of mockups to visualize ideas from the 

Explore phase.

• Evaluate: Gather feedback on generated prototypes.

DT is unique as it is a human-centered approach to software development that 

places a heavy emphasis on empathy. For the purposes of DT methodologies, empathy 

can be defined as the ability for the software development team to truly understand the 

needs and wants of the product’s end users. Due to its human-centric focus, DT relies 

on a team’s potential multidisciplinary talents. For example, in the Inspire program, 

the ability to program a website was only a small subset of the total skill required to 

accomplish a project. Students needed to be able to establish good communication 

with their community partner, negotiate project scope in a professional manner, and 

learn critical requirements gathering techniques such as conducting focus groups and 

interviews when dealing with highly sensitive topics around vulnerable persons.

 Practices of Design Thinking
In this section of the chapter, we discuss several requirements gathering techniques that 

are unique to DT and that were used in the Inspire program. Each of these techniques 

introduces a new way to empathize and understand potential end users, thus giving 

software teams a better perspective on the needs of their clients.
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 Empathy Mapping

The development of effective communication skills was critical to the results of 

highly inclusive software that we observed. DT has several requirements elicitation 

techniques; a popular practice is empathy mapping. When creating an empathy map, 

the development team discusses pain points with a potential end user of a software 

product. Utterances the end user makes during such a session are then categorized into 

feelings, thoughts, actions, and statements. An empathy map helps the development 

team identify how an individual is currently navigating their pain points and helps yield 

creative ideas for the prototyping phase. A participant witnessing the development team 

categorizing their statements also helps curate a space where they feel cared for and 

heard, encouraging the participant to share their thoughts more openly and honestly.

Students in the Inspire program used empathy mapping frequently for their projects 

and were able to gain a deeper understanding into how their clients were navigating 

their pain points. Figure 10-1 shows the students using an empathy map to identify the 

common data points from the collected data. One student said empathy mapping really 

helped their team “figure out what we wanted to get out of our interviews and helped us 

figure out how we could craft those questions in a respectful way.”

Figure 10-1. Inspire students presenting on what they have learned about their 
end user’s needs after empathy mapping
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 Hopes and Fears

Another common practice is called hopes and fears. In this exercise, the development 

team makes a list of all their greatest aspirations and worries for the designated project. 

When this exercise was done in the Inspire program, an overwhelming amount of both 

hopes and fears from students were related to the satisfaction of the end users. For 

example “I hope that we can build a product that actually makes a difference for people 

facing homelessness.” This demonstrates that a lot of strong emotions toward the project 

are centered around satisfying end user needs. Identifying a team’s greatest hopes and 

fears for the project may be helpful in deciding which requirements elicitation methods 

to use and which to avoid. For example, if a software is to be designed for vulnerable 

groups such as individuals facing homelessness, and a team is nervous about interviews 

with such persons, then a greater emphasis can be placed on fine-tuning an interview 

structure or finding another requirements gathering technique altogether. This is critical 

in creating an inclusive requirements gathering experience, so that clients feel they are in 

a safe space to share their true needs and wants for an ultimately inclusive end product.

 Journey Mapping

An important technique in DT that helps developers empathize with how end users 

interact with software is journey mapping. Simply put, this is a visualization of what 

a user experiences when they interact with the software to accomplish a goal. This 

timeline of steps is then embellished with things like the user’s thoughts or emotions 

at specific moments in this journey. In the Inspire program, our students learned how 

overwhelming it could be for vulnerable individuals to use the software they were 

currently using through journey mapping. In Figure 10-2 the students can be seen 

using a journey map. This catalyzed discussions around simplifying user interfaces and 

having clearer instructions and even subtler discussions surrounding simplistic fonts 

and colors. Creating inclusive software is more than just creating the software; other 

elements such as customer communication and even marketing must also be inclusive, 

and journey mapping is a way to achieve this [4].
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Figure 10-2. Inspire students explaining insights from journey mapping

 Playbacks

Playbacks are informal presentations that are done at regular intervals to update 

sponsors, clients, and other project members on the progress of the project. Within 

the Inspire program, these playbacks were a safe space to receive feedback from other 

students on angles the team might have missed about their end users and from their 

community partners. These sessions were also conducted to help keep Inspire teams 

on track in terms of scope and feasibility of their prototypes. These sessions were 

particularly insightful as our students shared what they had learned from their clients 

with the Inspire teams. It was incredible to see how their assumptions about their end 

user needs and wants had been disproven and how the practices in DT had led them to 

uncover the true depth of many of these community problems.

 Revisiting Previous Practices

In addition to these unique DT practices, revisiting some traditional techniques such as 

interviews and focus groups with a design thinking lens is just as important. In Part 2, 

[Chapter 6, “Elicitation Revisited for More Inclusive Requirements Engineering”], 

Tizard et al. acknowledge that diverse end users may not respond as well to traditional 

elicitation methods. With respect to DT, while traditional methods are still employed, 
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they take on much more forethought than the typical preparation for an interview or 

focus groups. Figure 10-3 shows the students at a school event to gather requirements 

from teens for their project.

Figure 10-3. Students in the Inspire program experienced much success revisiting 
traditional elicitation techniques with end users in mind. The ClimAct team 
(pictured) was especially concerned with engaging youth and ended up gathering 
requirements by gamifying the interview process.

Our students in the Inspire program spent ample time focusing on the language 

surrounding their focus group and interview questions and received project-specific 

training on how to interact with their clients. For example, interviews conducted with 

patients with acquired brain injuries were much different than interviews conducted 

with neurotypical individuals. Similarly, gender-neutral language was imperative 

in sessions involving women+ individuals facing homelessness. Students in the 

Inspire program initially described having to interview vulnerable participants as 

“overwhelming” and “intimidating,” but found that the time spent finessing the interview 

dialogue and environment helped them “understand their participants better and “really 

get our end users to open up” to them.
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 Inclusive Teams, Inclusive Software
The point of inclusive software is to design a product that caters to diversity within an 

intended end user base. In one of our Inspire projects, for example, the website designed 

for patients with acquired brain injuries was not designed with the average, neurotypical 

person in mind. There can be an incredible amount of diversity even within a group 

of specific end users in mind, and creating inclusive software means acquiring an 

understanding of their specific characteristics and needs.

In Inspire we found that the true significance of the inclusive design thinking 

practices outlined previously is actually found within the software development team 

itself, not the end users.

While inclusive requirements elicitation is indeed critical in creating inclusive software, 

we discovered that a prerequisite to inclusive software is inclusion within the software 

development team. For example, the hopes and fears exercise catalyzed discussions within 

the team of each other’s strongest emotions regarding the project, facilitating a sense of 

empathy within team members. While we recognized and focused on the diversity of 

our student teams, it is the inclusion within these teams that made diversity significant. 

In a heterogeneous group, the many advantages of diversity such as greater possibility to 

understand and represent the final user needs [3] and generation of more unique ideas 

when compared with homogeneous teams [9] cannot be leveraged without inclusion.

Our observations suggest that the empathy-based design thinking processes 

facilitated a sense of empathy within team members and a greater ability to understand 

different perspectives. In one student’s words, “…We have really developed so much 

empathy for each other in the group; understanding each others strengths, weaknesses, 

and emotions has been crucial so far.” Such empathy for each other allowed teams to 

ultimately be empathetic to their end users. An Inspire student mentioned that the 

empathy they had for their team members “really helped highlight how important the 

design thinking practices are. It even helped with creating our interview and focus group 

questions with an empathetic lens to make our clients more comfortable too.” Another 

student mentioned, “In using the design thinking methods we were taught in Inspire, 

I could see that there was more than one user group; there were actually three main 

categories of users based on their life stages and personal journeys. It really made me think 

about whether or not the platform we were building would be viable or useful for each of 

these user groups.” This suggests that students were developing a heightened sense of 

empathy within their teams throughout the design thinking process, which they were 

able to then apply to requirements elicitation with their end users.
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 Empathy and Team Morale
The development of empathy within teams that was facilitated by DT techniques 

assisted the teams in empathizing with their end users and thus helped the teams create 

inclusive software. Creating inclusive software this way can be an arduous task; many 

iterations and pivots (i.e., changes in project directions) occur, and team frustration is 

rather inevitable. A student mentioned that their team experienced many pivots and 

expressed that at some points along the project they felt “defeated.”

Aside from the direct relationship to creating inclusive software, the sense of 

empathy that the students developed also dramatically helped with team morale. It was 

a mitigating factor when teams experienced turbulent times. The same student who 

described feeling “defeated” subsequently said, “I would not have been able to overcome 

this without my team. They are very empathetic and can tell if I’m having a bad day and 

need to take on a lighter workload for the time being.” Such a sense of empathy thus 

increased team morale overall, which also improved motivation. As the students were 

able to work well together in terms of team dynamic, they were able to fully focus on the 

parts of the project that excited them the most, thus boosting their overall motivation [8].

 A Step Toward Inclusive Software
Recall that inclusive software largely encompasses an end user’s emotions [5]; thus, 

DT techniques such as empathy and journey mapping can contribute dramatically to 

making the entire software development process more user focused in order to create 

software that is more inclusive. The first year of the Inspire program was a stepping stone 

in learning how software teams approach inclusive software development. Applying 

the DT practices in real-world scenarios for diverse end users allowed the students to 

learn and empathize. The students recognized their personal biases and emphasized 

the users’ needs throughout the product development. While our teams superseded our 

initial expectations and maximized the potential of DT practices, much more work in 

the area of inclusive software has to be done to truly understand how we can curate an 

inclusive digital environment.
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 Conclusion and Takeaways
Overall, an analysis of performance in the Inspire program suggests that empathy- 

based approaches are in fact effective at instilling empathy in software development 

teams. Moreover, we see why this is so important: it allows for the creation of software 

that caters to a diverse set of end users. While fully introducing DT methodologies into 

existing software development pipelines may not be feasible for all organizations, we 

leave the reader with the following points of consideration:

• A sense of empathy within the software development team must be 

fostered before inclusive software can be successfully developed.

• Some design thinking practices can still be implemented to facilitate 

this sense of empathy, even if the full design thinking methodology is 

not adopted.

• A developed sense of empathy is critical to high team morale, 

especially in diverse software engineering teams.

• Creating inclusive software via these empathy-based techniques is 

ultimately required to repair the digital divide observed today.
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This chapter presents the results of a qualitative study that aimed to understand 

how people in software development teams feel about gender diversity in software 

engineering, the perceived benefits, and the perceived difficulties. To achieve that, 

we applied a qualitative survey. We found out that gender-diverse workplaces are 

prone to have better ideas sharing, better decision-making, creativity, and innovation. 

Women inspire other women, and some men reported being touched by the subject 

and diligently are deconstructing their prejudice and misconceptions about women in 

technology. However, it is still common to not see women in teams or to see just a few. 

A white, cisgender man is the pattern most of the time. The same pattern repeats itself 

in leadership positions leading to male protectionism and privileges. Additionally, other 

dimensions of diversity pervaded the answers, like intersectionality and race/ethnicity.

 The Survey
Software engineering involves real people in real environments. People create software, 

people maintain software, and people evolve software. Accordingly, to truly understand 

software engineering, it is imperative to study people – software practitioners as they 

solve real software engineering problems in real environments. It means conducting 

studies in field settings [13].
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This study aims to understand how people in software development teams feel about 

gender diversity in software engineering. So we applied a qualitative, unsupervised, 

largely open-ended survey, using a web self-administered questionnaire. Our target 

population consists of people who identify themselves as part of a software development 

team worldwide.

The survey questions1 for this work were formulated based on the Empathy Map 

Canvas, created by Dave Gray (2009) as a tool that helps teams develop deep, shared 

understanding and empathy for other people [7]. Henschel et al. [8] say empathy 

corresponds to the ability to understand others’ minds, feel their emotions outside our 

own, and respond with kindness, concern, and care to their emotions.

The participation was voluntary and confidential. Using the mechanisms of the 

social networks, we estimated the survey link reached around 1,280 people, and 149 

answered totally or partially. We evaluated that 60 respondents answered less than 20% 

of the questions, mostly only the demographics. We could not use these answers to 

extract information. In the end, we used answers from 89 respondents, corresponding to 

6.88% of the people impacted by the post/link to the survey.

We had 44 respondents self-declared as man (49.44%) and 43 as woman (47.19%). 

Only one respondent self-declared as non-binary. One respondent self-declared as 

bisexual, which is a sexual orientation, not gender. Once it was self-declared and we did 

not have a way to identify gender, we considered it important to keep the information. 

About the age of respondents, on average, the respondents were 35 years old (36.09 for 

men, 35.15 for women). The self-declared non-binary was 31 years old and the self- 

declared bisexual 24 years old. The oldest respondent was 61 and the youngest 23 years 

old. Race and ethnicity was also a self-declared question. We had 65 respondents self- 

declaring white (73.86%), 5 brown (5.68%), 5 black (5.68%), and 13 diluted between 

Greek, Latin, Brazilian, Chinese, Swedish, Indian/Asian, and not informed (14.79%).

We also asked some professional demographics. About the role the respondent had 

in the software development team, we had 80 responses where 40 said they were software 

engineers. The other 40 answers were spread in a spectrum of scrum masters, product 

managers, engineering managers, DevOps, business analysts, data scientists, directors, 

professors, quality engineers, researchers, software architects, systems analysts, and 

trainees. About years in technology, we had 79 answers for this question, and, on average, 

respondents worked in technology for around 13 years (max, 30 years; min, 0.3 years).

1 ‘https://figshare.com/s/5e7720e891939da3c7a3
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To analyze the survey data and gain deeper understanding of the data content, we 

used thematic analysis [2]. Through the process, we created 429 codes for 709 segments 

of the answers of the 88 respondents. We grouped the codes into 18 themes, and for 

five of them, we split them in sub-themes, better supporting to answer our research 

questions. Table 11-1 presents a summary of the themes and sub-themes.

Table 11-1 Summary of themes and sub-themes

Themes Sub-Themes Frequency Description

Benefits of 

diversity

10 straightforward observations about diversity in 

the workplace: innovation, creativity, and better 

decision-making, better team working, better 

decisions and a better product.

diversity as a 

whole

36 Broader observations about diversity in the 

workplace: can create a more democratic workplace; 

try to give visibility to unconscious bias.

Companies trying 

to be diverse and 

inclusive

23 the importance of having diversity as a value of 

the company and clear actions

men 38
Characteristics and actions (good or bad ones) 

identified as coming from men and which impact 

gender diversity in companies

“Bro” culture 21

desconstruct prejudice 14

men Characteristics 3

women 125

Characteristics and situations (good or bad ones) 

identified as related to women and which impact 

gender diversity in companies

small number of women 15

women are disrespected 60

women supporting 

women

43

women Characteristics 7

no diversity 79

people do not identify diversity around the 

workplace

far away from diversity 31

no equity 5

all men 36

old patterns 7

(continued)
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Themes Sub-Themes Frequency Description

leadership and 

management 

roles

21 how women in leadership and management roles 

feel in terms of gender diversity

sexism and 

prejudice

26 how microagressions impact gender diversity in 

teams

professional 

insecurities

53 the kind of insecurities women manily feel related 

to the workplace

Companies do 

not support d&i

47 Companies that do not have any kind of diversity 

actionable initiatives

missing 

affirmative 

actions and 

initiatives

41 Companies that do not have enough diversity 

actionable initiatives

family and 

personal life

37 how people that identify themselves as in some 

diversity groups feel related to their personal lives

intersecctionality 25 how different types of diversity relate to each 

other and impact the software engineering teams 

on a daily basis

meritocracy & 

elitism

4 how social/financial diversity impacts the 

software engineering teams on a daily basis

unawareness 69 the insensitivity about the importance of diversity 

issues

emotions and 

emotional 

responses

20

how people respond to emotions related to 

diversity issues

stress 3

anticipation 1

trust 1

fear 3

sadness 5

overload 12 how gender diversity impact the work load

financial 

Concerns

40 the fears about money issues coming from 

diverse groups

Table 11-1. (continued)
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The following sections we present the themes we defined during the thematic 

analysis and the perceived benefits and perceived difficulties of gender diversity on 

software development teams reported by individuals.

 Perceived Benefits of Gender Diversity on Software 
Development Teams
Diversity is good beyond ethical reasons; it is recognized as valuable, and a lot of 

studies have been done about it [16]. Large technology companies have been increasing 

their efforts to have a more diverse workforce, increasing minority numbers through 

recruiting, working to minimize unconscious bias, and also investing in programs to 

increase representativeness [12].

From the Benefits of Diversity theme, respondents see gender-diverse 

environments as more prone to innovation, creativity, and better decision-making. 

Nonaka and Takeuchi [15] emphasize that a team made of members with different 

backgrounds, perspectives, and motivations is critical for organizational knowledge 

creation to take place. Knowledge creation is the basis of repeatable innovation in 

companies. “An organization’s internal diversity must match the variety and complexity of 

the environment in order to deal with the challenges posed” [20].

That having a healthy gender mix results in better team working, better 
decisions, and a better product. A lot of people are tired of the “bro” cul-
ture around startups, and having a healthy gender mix ensures you don’t 
end up with a laddish/pizza and beer feel to the team.

—#5, Man, Software Engineer

From the Diversity as a Whole theme, respondents believe diversity can create a 

more democratic workplace. They try to give visibility to unconscious bias (the social 

stereotypes about certain groups of people that individuals form outside their own 

conscious awareness [14]) and have a neutral workplace. Judy [10] says in a performing 

team, each member relates to the other as equals. The team will inspect its behavior and 

continuously improve the social skills required to communicate. It is a requirement for 

trust and the kind of collaboration that leads to cohesion and self-direction.
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I believe that greater diversity would make the environment richer in 
ideas, dynamic, and democratic.

—#4, Man, Software Engineer

From Companies Trying to Be Diverse and Inclusive, we had respondents 

mentioning the cultural codes of the companies as important tools to address 

ambiguous situations. Most codes of conduct aim to protect members from harassment 

(aggressive pressure or intimidation) [21]. As such, workplace harassment is any 

offensive, belittling, or threatening behavior toward an individual worker or group of 

workers. It results in an unpleasant, humiliating, or intimidating environment employees 

feel uncomfortable in and consequently damages the effective work and productivity of 

employees [21].

Our company has a beautiful culture code that encourages us to be the 
best person every day. If someone feels bad about a situation, it should be 
addressed to an anonymous channel, and HR will take care of it.

—#36, Woman, Scrum Master

The theme Men and the sub-theme Deconstruct Prejudice helped us understand 

that some men are not only empathetic with the subject but they are also to identify their 

gaps to support better work environments. Viana et al. [23] analyzed the stereotypes 

attributed to “egalitarian men,” men who support gender equality in relation to domestic 

and family responsibilities as well as inclusion in the workforce. They found out the 

egalitarian man is perceived as fragile, sensitive, incompetent, and feminine. On the 

other hand, he is also seen as more competent and social than egalitarian women and 

traditional men [23].

I am always willing to learn more and more. In the end, I’m a cisgender 
man, and with that, everything I say or think is projected through the search 
for information. I’m not in my place of talking about gender diversity, so I 
always try to put myself in a learning position, deconstruction of my 
prejudices and construction of a space for diversity.

—#29, Man, Software Engineer

The theme Women and the sub-themes Women Characteristics and Women 
Supporting Women helped to identify some characteristics that are more prominent 

in women, such as empathy, flexibility, and collaboration. Turley and Bieman [22] 
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identified specific competencies of knowledge, personality, and attitudes as significant 

factors influencing software engineers’ performance. Darley and Smith [6] say females 

pay more attention to details and disparate, multiple cues for information processing in 

simple and complex tasks.

Empathetic, flexible, collaborative.

—#28, Woman, Engineering Manager

Also, respondents emphasized the importance of women supporting other women. 

Research indicates that the social aspect of Agile practice, particularly routine face-to- 

face meetings and pair programming, reduces women developers’ sense of isolation 

and raises their satisfaction and confidence [10]. It also reduces feelings of internal 

competition and builds trust [10]. Studies have shown that mentors can help women 

motivate them and improve their self-confidence to achieve their goals [24].

I always try to share and praise the women I admire and who motivated 
me to continue in the software development area.

—#14, Woman, Business Analyst

 Perceived Difficulties of Gender Diversity 
on Software Development Teams
The first theme is No Diversity where respondents mentioned few women in the teams 

and no other gender than man. The pattern repeats itself in leadership positions, where 

there are, most of the time, white men, who are also cisgender (a person whose gender 

identity matches their sex assigned at birth), linking to the theme Leadership and 
Management Roles where respondents mentioned the difficulties for women to foster 

their careers to leadership positions.

Our findings are aligned with the previous work of other researchers. The stereotype 

of a computer scientist is a middle-class white man who is often geeky and antisocial 

[17]. While stereotypes are not necessarily representative of the general population, 

they do impact the perception of who belongs in the field and can act as exclusionary 

forces for people who do not fit the stereotype [17]. However, respondents identify 

characteristics in women considered leadership ones: collaboration, conciliation, 

determination, empathy, flexibility, organized way of working, and will to win. Jetter and 
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Walker [9] say, on average, women are more likely to avoid competition, underperform 

in competitive environments, and exhibit higher risk aversion than men. Persistent 

social phenomena, such as the gender wage gap or the underrepresentation of 

women in highly competitive occupations and job positions, have been linked to such 

observations. One prominent hypothesis to explain this phenomenon relates to the 

idea that the gender of one’s opposition could influence competitive behavior. More 

generally, people may behave differently when competing against adversaries from the 

opposite sex. Women are especially underrepresented in jobs generally associated with 

high-pressure environments and large stakes and also technology where women usually 

occupy less than 20% of positions [9].

With a lot of effort, we managed to advance some steps in terms of represen-
tation. However, in more strategic positions, the participation of women 
is almost nil.

—#25, Woman, Engineering Manager

The themes Sexism and Prejudice, Men, and Professional Insecurities continue 

the previous ones. Respondents reported male protectionism and privileges preventing 

women from advancing in their careers. Together, they lead to a chain of difficulties 

for women:

• Women suffer from sexism and prejudice that can be veiled and also 

can lead to harassment.

Some time ago, my wife reviewed a code, and even though she was a 
senior, their colleague said that he did not accept her review 
because she was a woman. She complained, and the company did 
nothing. There was also the case that his manager called her to dinner 
at a one-on-one meeting.

—#18, Man, Software Engineer

• There are two sub-themes from the theme Men, related to attitudes 

observed in men: the Men Characteristics and the “Bro” Culture. 

Both are related with what the respondents called the male 

protectionism.
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A network of male protectionism, which prevents women from 
advancing in strategic positions (or advancing with great difficulty, 
even requiring a certain masculinization to do so).

—#24, Woman, Engineering Manager

• Women go through Professional Insecurities. They feel they need 

to prove they are as capable as men, and it generates the feeling of 

never being competent enough, and their opinions are worthless and 

disrespected.

I often feel that I need to go beyond my peers concerning training like 
I’m never competent enough.

—#27, Woman, Engineering Manager

The “brogrammer culture” is a term that acts as shorthand for pointing to sexism 

in the tech industry. The term “brogrammer” began as a satirical term to refer to a man 

who can code and succeeds with the behaviors of a stereotypical “frat boy” and ambition 

to become rich fast [17]. By definition, women are excluded from this group and often 

objectified and pushed out of workplaces because of the fraternity-like environments 

created as a result of brogrammers being in the space. Women who succeed in these 

environments may also face difficulties due to their gender, as being better than men 

can be seen as threatening. In addition, how women perceive being gendered in male- 

dominated spaces indicates how they relate their experience to gender. Women’s 

beliefs about the reason for the lack of women at high levels in companies, for example, 

influence whether they are motivated to fight structural barriers for other women or if 

they reify glass ceilings [17].

Themes Companies Do Not Support Diversity and Inclusion and Missing 
Affirmative Actions and Initiatives relate to one another once companies seem to have 

difficulty supporting diversity and inclusion and affirmative initiatives for diversity are 

scarce: too much talking and no action. More than that, the perception is that companies 

are hidden behind a facade of employers’ branding initiatives that happen only from the 

door out. Simmonds et al. [18] observe that affirmative action programs to boost female 

enrollment in programs can have positive effects for science, technology, engineering, 

and mathematics undergrad programs; however, the initiatives yield weaker results for 

computer science/software engineering majors.
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Too much talk and little action, nonrecognition of women in develop-
ment teams, the lack of looking at different aspects of diversity.

—#20, Woman, Software Engineer

The theme Intersectionality permeates diversity. Intersectionality [5] is an 

analytical framework for understanding how aspects of a person’s social and political 

identities combine to create different modes of discrimination and privilege [5]. For 

some women, in particular women of color who are doubly and sometimes triply 

excluded because of their skin color and language practices, the discourse on gender 

may itself be harmful [4].

Intersectionality is a complex and relevant approach that is little known in the scope 

of the software engineering research field. Respondents brought to the light they see 

the number of opportunities increasing for women; however, the initiatives seem to 

be focused on white women. More than that, they mentioned they have few black and 

transgender workmates. Another face of diversity mentioned was ageism, the process 

of systematic stereotyping or discrimination against people because they are old, just as 

racism and sexism accomplish with skin color and gender [3].

In the previous company, I was the only woman on the team I was on, 
there was only one black man, and diversity was not encouraged; not 
everyone had a voice in the company.

—#16, Woman, Software Engineer

Gordó n and Palacios [19] say the diversity crisis is not limited to women it is about 

social identities that go beyond gender and race, but it is mainly about power. There 

are cases in which software workers belong to two or more underrepresented groups. It 

is clear that systems of privilege and oppression often converge for underrepresented 

groups, that is, there are organizational power dynamics that have historically privileged 

some groups and marginalized others in the software engineering field [19]. They also 

say an intersectional approach invites software engineering researchers to read data in 

different ways and ask other questions that increasingly demonstrate the flaws of a race- 

only or gender-only approach.

Also, Meritocracy and Elitism are also understood as problems related to 

diversity. Meritocracy is a social system in which advancement in society is based on 

an individual’s capabilities and merits rather than based on family, wealth, or social 
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background [11]. Nowadays, meritocracy is a subject with a lot of attention; however, the 

“if you want you can” speech opposes the lack of financial resources some individuals 

have to enter the software engineering field. The area is defined as elitist once 

equipment and training are usually expensive. If an individual does not have the means 

to be trained as a software developer, the discourse of meritocracy does not apply.

It is an elitist area. And the elite has one color and one gender. The mar-
ket would easily accept black or trans people with the appropriate techni-
cal skills, but why does the market have almost no such people? Because 
these people are marginalized, they are on the periphery, they are without 
access to our world. Equipment, courses, internet, everything is expensive, 
so only the same group, the same elite as ever, qualify well. Companies are 
more open to diversity, but to what extent will this bring a truly diversi-
fied team?

—#28, Man, Software Engineer

The last theme is Unawareness. There were respondents who reported that diversity 

does not matter or should not be considered when talking about software development 

teams. According to these respondents, people should be treated equally, no matter their 

gender, and what must be considered is their ability, not their identity. Also, there were 

comments that the career is not for women.

I’ve heard several people, mostly men (professors, college friends, lecturers), 
saying that [diversity], it’s not important, that this profession is not for 
women. There are still a lot of people who are resistant to this issue.

—#29, Woman, Software Engineer

Alba [1] says gender equality does not mean pretending that “male” and “female” do 

not exist. Gender equality also does not mean that males and females must always be 

treated the same. In some cases, what is required is not equal treatment but equitable 

treatment. Equity means recognizing that differences in ability mean that fairness often 

requires treating people differently so that they can achieve the same outcome [1].
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 Conclusion
We conducted this survey to qualitatively understand the perceived benefits and 

difficulties of gender diversity in software development teams. The answers we had 

aligned with different related work performed by researchers from the software 

engineering community. We also found studies from other knowledge fields, such as 

psychology, that studied gender issues in technology and corroborated our findings.

From a beneficial point of view, we have that gender-diverse workplaces are 

prone to have better ideas sharing, better decision-making, creativity, and innovation. 

Characteristics linked to women were highlighted as empathy, flexibility, and 

collaboration. To achieve the benefits mentioned, respondents reported that some 

companies worked to improve the hiring process to be more gender-inclusive. To 

support and guarantee inclusion and safety, solid cultural codes were created.

There is mutual support from women to women. Women support and inspire 

each other to remain in technology or enter the field. More than that, some men 

reported being touched by the issue and diligently deconstructing their prejudice and 

misconceptions about women in technology.

However, there are also difficulties from the point of view of gender diversity in 

software development teams. There are still cases where the respondents do not see 

diversity. It is common to see only one woman in teams or just a few. More than that, no 

other gender than men and women, so the white, cisgender man is the pattern most of 

the time. The same pattern repeats itself in leadership positions. This reported pattern 

leads to an issue: male protectionism and privileges. Due to that, women report being 

frequently disrespected and face difficulties in thriving in their careers. Sexism and 

prejudice used to happen together.

But there are other dimensions of diversity that pervaded the answers, and 

intersectionality was mentioned. Intersectionality aims to study how aspects of 

a person’s social and political identities combine to create different modes of 

discrimination and privilege. So, when racism was mentioned, we can exemplify when 

respondents brought to the light they see the number of opportunities increasing for 

women; however, the initiatives seem to be focused on white women, excluding the 

intersection of race and gender of black women. Ageism, the discrimination against 

people because they are old, was also mentioned. Some people feel they lost, or even do 

not have opportunities, due to their age.

A little less explored as a dimension of diversity, social vulnerability is related to 

meritocracy and elitism. The “if you want you can” speech opposes the lack of financial 
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resources some individuals have to enter the software engineering field. In Brazil, 

equipment and training in software engineering are usually expensive, so the entry point 

to the field is difficult for people in social vulnerability.

We also observed a lack of awareness about the need to talk about the subject. The 

survey respondents reported that diversity does not matter or should not be considered 

when talking about software development teams. According to the respondents, people 

should be treated equally, no matter their gender, and what must be considered is their 

ability, not their identity. It would be the ideal scenario; however, due to unconscious 

bias that women and girls (and other dimensions of diversity) are routinely subjected to 

and the different other points we already mentioned in this work, we see it as important 

to keep an active awareness about the subject. The unconscious bias leads to people 

arguing that women are “biologically” and “culturally” good and trained at certain tasks 

such as communication, visual design, and documentation even though they do not feel 

interested in them.

As the main takeaways, the survey aligned with different works on the area of the 

importance of diversity in general, to bring more innovation and fairness to the software 

engineering industry. Also, the survey highlights there are still a lot of issues and 

prejudice, even knowing about the benefits of having more diverse work environments. 

More than that, research in diversity in software engineering must consider gender 

beyond the idea of binary genders. Additionally, intersectionality is a must. The 

community has been researching aspects of diversity individually. It is important that 

the intersection of the multiple faces of diversity be considered, considering not only 

gender, race, sexual identity, etc. but also social economic characteristics that put people 

away from software engineering positions.
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CHAPTER 12

Exploring Intersectional 
Perspectives in Software 
Engineering Through 
Narratives

Mary Sánchez-Gordón*, Østfold University College, Norway.

Ricardo Colomo-Palacios, Technical University of Madrid, Spain.

In this chapter, we explore intersectional perspectives in software engineering 

by collecting ethnographic histories from three software practitioners from 

underrepresented groups (URGs). The chapter draws attention to multiple interlocking 

issues related to diversity and aims to help software engineering researchers and 

practitioners to become more aware of conscious and unconscious discrimination 

and to re-story interactions with members of URGs. Without diversity, majoritarian 

perspectives dominate the software engineering field. This chapter begins with an 

introduction to intersectionality followed by our research approach, and then three 

disruptive majoritarian narratives are presented.

 Introduction
There is an increasing interest in workforce diversity, but significant inequalities exist 

in the software industry [10]. It does not seem that gender equality is determinant to 

explain the scarce presence of women in the IT field [9]. The lack of women entering 

the industry is not the only problem, as evidence from the literature reveals [4, 5, 12]; 

https://doi.org/10.1007/978-1-4842-9651-6_12
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there are also retention problems as well as difficulties in career development of women. 

However, the diversity crisis is not limited to them; it is about social identities that go 

beyond gender and race, for example, class, ethnicity, sexuality, nationality, age, and 

dis/ability [32]. Individuals with different social identities are affected by interlocking 

systems of oppression and privilege in different ways [25]. Therefore, how individuals 

experience their identity is context-specific [8], and dismantling the power structures 

requires complex thinking that goes beyond focusing on one dimension at a time.

Just a few software engineering studies [2, 17, 27] examine more than one of the 

social identities mentioned previously. Research on multiple levels of analysis is needed 

to understand the role that multiple and simultaneous categories of differences (social 

identities) play in an individual’s experience and the software that they develop [5]. One 

way to approach that is through intersectionality, a social sciences lens that has been 

used in fields related to software engineering such as human-computer interaction 

(HCI) [26]. However, intersectionality is a complex approach that is little known in the 

scope of software engineering research and practice.

Note The origins of intersectionality can be traced back to early social and 
political movements of women of color, during the 1960s and 1970s. Crenshaw 
coined the term intersectionality [11] inspired by critical race theory and Black 
feminism. Crenshaw perceived that those approaches in legal studies were not 
addressing how gender and race are interwoven in shaping the experiences and 
struggles of women of color.

Intersectionality can inform multilevel analysis of inequality outcomes, for 

example, generating more precise information about recruitment, retention, and career 

progression. This analysis can identify how inclusionary and exclusionary practices 

shape practitioners’ lives and at which intersections. Such evidence will reveal how to 

reduce intersecting power structures that hinder the achievement of equity.

 Research Approach
We realized that there are numerous unheard stories within the histories and lives of 

URGs. Therefore, we used a qualitative research approach by interviewing three software 

practitioners with diverse social identities at different career stages – exploration, 
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establishment, and late. We also decided to select participants from a specific country 

(Ecuador) to limit the cultural-historical context. Using these criteria, we noted that 

we could recruit one software professional among our contacts. Based on our previous 

experience recruiting participants from URGs [24], we contacted one university 

professor who endorsed our study to encourage participation and recruited one further 

participant. Then, we systematically searched Google to find software professionals who 

met our criteria. As a result, we sent invitations to four potential participants, and we got 

a response rate of 100%. Although all were interested in participating, we canceled one 

interview due to scheduling conflicts. Therefore, we recruited three participants.

After obtaining informed consent for each participant, one researcher conducted, 

recorded, and transcribed semi-structured interviews that lasted from two to two-and- 

a-half hours. During interviews, we asked participants to reflect on their decisions, 

aspirations, fears, and hopes, because we explored what they did and what had shaped 

their decisions, work trajectories, and imagined futures. We use pseudonymized 

participant identifiers by using the acronymous “FM,” “RS,” and “CN.” To identify 

intersectional perspectives, data were analyzed using the combination of several 

elements of our proposed framework for intersectionality. In turn, to make sense of 

participants’ experiences naturally, three storied narratives were written by taking their 

words as an illustration of their social identity salience. To establish resonance in our 

findings, we shared a private copy of the narratives with the participants to conduct 

member-checking. If the participants thought something was misinterpreted in their 

narratives, they were able to reword, comment, or suggest edits. However, only minor 

changes were introduced.

 Intersectional Perspectives
The growing diversity crisis of software engineering [1, 3] and our self-reflection as 

individuals and members of this community motivated the design of a conceptual 

framework for understanding intersectional perspectives in software engineering 

that was previously published in [25]. In this chapter, we used it as a perspective view 

because we assume that we cannot give a complete view of an individual. Figure 12-1 

shows the high-level view, which consists of three major levels: social identities, societal 

processes and organizational practices, and cultural-historical context.
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Figure 12-1. Framework for intersectional perspectives in SE adapted from [25]

The individual is illustrated in the black inner circle in the center of Figure 12-1. 

The first level represents the social identities (green middle circle) that an individual 

might hold. By reviewing the software engineering literature, the following two groups 

of social identities were identified: (1) internal (personal) characteristics (blue 

ellipses), which included but were not limited to age, gender, sexuality, race/ethnicity, 

and dis/ability, and (2) external characteristics (gray ellipses), which included but not 

limited to occupation, education, immigration, language, social class, parenthood, and 

religion. These multiple social identities might overlap and combine, denoting certain 

intersections at the micro level of individual experience so that they not only shape 

an individual point of view on the world but also they reflect interlocking systems 
of oppression (red outer circle) at the macro, social-structural level, for example, 

genderism, sexism, and racism. This first level also considers that identity development 

is also strongly influenced by recognition in a role or community [13]. Therefore, it 

emphasizes how membership (participation) in multiple social categories influences 

the degree to which individuals face impediments to progress in organizational contexts.

The first level allows us to understand that software professionals from URGs 

experience social structure differently since the junction of their identities (see 

Table 12-1) reflects an intersection of overlapping oppressions that take place in the 

ChapTer 12  exploring inTerseCTional perspeCTives in sofTware engineering Through narraTives



189

software industry. For example, FM as a cis-man parenting a child with a disability, 

who is influenced by recognition in a role or group since FM is a project manager that 

holds a PMP Certification. Before starting the analysis, we recognized our position in the 

world (for details, see the following for positionality) to establish a station point since 

it changes our perspective and determines to what extent we will be able to generate a 

multiple-point perspective by navigating the second level of the framework.

The second level is concerned with societal processes and organizational practices 

that influence the formation, salience, perpetuation, and character of social categories. 

Although it is hard to distinguish the boundaries between the domains of institutional 

power, we can, at least, consider four types. Representational is the degree to which 

diverse groups and related policies are portrayed in materials depicting the profession 

(e.g., media about the discipline). Moreover, it is concerned with how stereotypes 

threatening URGs are produced and sustained over time as their self-consciousness 

about failure increases. Organizational refers to the institutional processes that 

hinder diverse groups from participating (e.g., structural positions in society such as 

family, work, and education). Interactional focuses on the nature of the interactions 

between the different social actors (e.g., relationships between members of groups and 

individuals). It also links how those relationships influence life chances and outcomes 

that can reify or minimize stereotype threats. Experiential is how individuals’ sense- 

making of their vital experiences relates to their perception of their social identity when 

shaping their opportunities.

Figure 12-1 illustrates the second level as a four-point perspective to the left (purple 

area). From our positionality, we focus on one area, for example, “organizational,” while 

aiming to generate a one-point perspective. For instance, RS mentioned that “I tried to 

get a job by sending resumes to see if any company would give me the opportunity … I 

did a couple of interviews for ones, and I did some technical tests for others, but they did 

not call me” (organizational). Although we are standing in the same spot, we can shift 

our focus from this area to another to generate a two-point perspective, for example, 

RS also reflected “companies should open their doors to [newcomers] gain experience” 

(experiential). As deep reflection is required to integrate the different points of view 

gradually, we used the process of thinking aloud for deeper reflection and understanding 

of the transcriptions of the interviews we drew upon. To illustrate another example, CN 

was also afraid that her lack of experience impeded her job search and claimed, “I hope 

they [potential employers] hire me to have more experience … In most jobs [ads] ask for 

5 years of experience” (experiential), and she sadly recalled, “The remuneration is very 

little, and there are no job positions for what I have studied” (organizational).
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The third level represents the cultural-historical context in which the first and 

second levels are situated. It means that multiple identities are socially constituted 

and have an impact on how social positions, hierarchies, and divisions are established 

and reified in society. Figure 12-1 depicts this level as the view plane that situates the 

participants and their social context in a particular place and time.

As mentioned before, we limited the analysis of this level to one country. However, 

although the participants did not identify as belonging to an URG and they have a sense 

of belonging comparable to majoritarian groups as found by [19], our analysis reveals 

that systems of oppression and privilege are in place and hinder/empower success. In 

this sense, an unexpected finding was that RS believed that his lack of experience was an 

issue, but his indigenous identity was not. Indigenous software workers have frequently 

reported ethnic discrimination [24], but RS’s salient identity was “English language,” 

which gives him privilege over more experienced professionals such as FM, who is not 

proficient in English.

 Narratives
The software industry has never been equitable and has arguably served as a social 

reproduction mechanism, maintaining and perpetuating social inequity [Chapter 1, 

“Roads Ahead to Diversity and Inclusion by Software Engineering”]. Despite the efforts 

and perseverance of many underrepresented people in the software industry, their 

accomplishments have been historically neglected, for example, the hidden stories 

of Atari women [7]. We believe that an intersectional perspective can help challenge 

dominant stories that make one narrative the only story. Therefore, we seek diverse 

perspectives to help break down the power of dominant narratives and stereotypes [22]. 

Based on the findings from the interviews, we used a type of counter-narrative, which 

is a third-person authored story of another person's life, to reveal experiences with and 

responses to interlocking systems of oppression [28]. In this way, we aimed to legitimate 

their experiences as “ways of knowing.”

We found that beyond sexism and genderism, other forms of oppression or “-isms” 

such as racism, classism, ableism, abuse of power, or dehumanization take place in the 

software industry. Throughout this book, it is also supported, for example, [Chapter 1, 

“Roads Ahead to Diversity and Inclusion by Software Engineering”, Chapter 3, “The 

Challenges of Ethnic-Racial Diversity Within the IT Sector” Chapter 24, “Economical 

Accommodations for Neurodivergent Students in Software Engineering Education: 

Experiences from an Intervention in Four Undergraduate Courses”].
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 Whose Story Is It?
Table 12-1 shows the participants’ social identities, but we identify nuances like 

parenting a child with a disability, indigenous belonging to an Andean community, or 

living with a physical disability because of being born without arms.

We also disclose our positionality. The first author identifies as Latinx and a cis- 

gender woman who has low vision. The second author identifies as Spaniard and a cis- 

gender man. Both of us have been parents and immigrants. We are also middle-aged and 

native Spanish speakers with PhD degrees in computer sciences. Together, we present 

around 50 years of experience in academia and the software industry.

Table 12-1. Participants’ social identities

Identities Family Man (FM) Rising Star (RS) Courageous Newcomer (CN)

age Middle age Young Young

gender Cis-gender man Cis-gender man Cis-gender woman

nationality ecuadorian ecuadorian ecuadorian

race/ethnicity Mestizo andean indigenous Mestizo

Disability - - physical

language spanish spanish, english, Kichwa spanish, english

education engineer engineer student

Class Middle working working

parenthood Yes - -

occupation Developer Developer -

Career stage Mid-career establishment exploration

immigration - Yes -
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 Disrupting Dominant Narratives
A deficit perspective perpetuates the damaging narrative that the software industry is 

based on meritocracy and therefore is equitable and appropriate for all professionals. 

The following three narratives provide a viewpoint that is not represented by dominant 

narratives.

 A Family Man’s Story
He likes big challenges without fear of failure. He is passionate about developing 

software and has gained expertise and recognition in financial software development. 

Indeed, he thought “the financial sector can be stressful, but it pays well.” During 

his career path, he has played different roles like developer, tester, and technical 

leader, including movements to senior positions like a project manager and project 

management office (PMO) manager. He was part of international software projects 

and traveled to other South American countries. He has built skills and knowledge via 

courses, formal training, and on-the-job learning. He is a family man who is satisfied and 

proud of his career.

He thought that his journey was governed by his choices, and after 25 years, he rarely 

changed jobs. However, three years ago, he quit without notice from the company that 

he helped grow for 14 years. Surprisingly for him, it was not a hard decision; he wanted 

to spend more time with his son and pursued a PMP Certification. He had not taken 

vacations for four years, and he sometimes left the office at 2:00 a.m. and returned at 

9:00 a.m. He had enjoyed working long days and always committed to working as hard as 

he could on weekdays. When he got promoted to senior positions, it was easier to avoid 

working weekends or holidays and spending them with his family.

He had acted for over 20 years like he was strong, even when he was not. Some days 

parenting was his hardest job. His son had a late autism diagnosis; he and his wife were 

always busy with therapies and appointments. They chose to see it as a gift that opened 

their eyes to new wonders and taught them to be better people. He learned to celebrate 

the victories no matter how small they were. He not only developed organization, 

adaptability, and dependability but also empathy, compassion, resilience, and other 

transferable social skills.

After a longer break, he realized that obtaining a PMP Certification would be 

easier than finding a full-time job that demands, at least, 40 hours per week. Finally, 

he accepted a job with a lower salary for which he was overqualified, but suddenly 
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everything changed when the COVID-19 pandemic started. Remote work was a relief as 

previously he would spend more than two hours in traffic to get to the office. Now, he 

shares parenting duties and home chores with his wife. Although he accepts that there is 

no “perfect” work-life balance, he aspires to get a more challenging and better-paid job 

in a flexible workplace.

 A Rising Star’s Story
He knows what lack of opportunities means because his parents immigrated to Europe 

in the 1990s. They were undocumented and itinerant Andean Indigenous for almost 

ten years. The removal of barriers to intra-European mobility in 1992 considerably 

eased that, and they made a living. He was born and raised far from Ecuador until he 

was around five years old. At that time, the economic support from a European family 

allowed his parents to come back and give him a private education in a town surrounded 

by indigenous villages. A public university near his home was the best option to ease his 

family’s economic hardship.

He was involved in academic clubs during his university years, and he became part 

of the Microsoft student developer community. It allowed him to meet other students 

and visit other universities. Once he carried out a capstone project, he was actively 

looking for a job, but potential employers did not call him back or said that he did not 

fulfill the required years of experience. He began to get frustrated because of the lack of 

opportunities. Then, he sought the advice of an industry professional he met a few years 

ago. This professional supported and encouraged him by offering advice and knowledge. 

He gained new perspectives on his career and started training in a set of programming 

tools while he was developing his undergraduate thesis. Both started to seek a job for 

him as a junior software developer.

When the COVID-19 pandemic started, a rise in software developer demand 

substantially impacted hiring methods and business goals. Companies explored 

international talent pools – hiring remotely. Remote jobs opened opportunities for 

talented developers without leaving home. After an interview and solving a coding 

challenge, he started a trial period in a software development outsourcing company 

located in Central America that has a large presence in North America. Surprisingly for 

him, the company did not require any certification or degree. However, he had worked 

hard and learned a lot at the beginning. In fact, his full-time job sometimes requires 

extra time for acquiring the knowledge that each project demands.
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This company has local and international projects, has onboarding and mentoring 

programs, and organizes virtual bonding events to keep the team connected and 

engaged. There is also a diversity initiative, but he is not part of it, since it focuses 

on women and does not consider other underrepresented communities (like male 

immigrants). After two years, his technical and soft skills have grown. He is a rising 

star who made the most of his skills. His English language skills allow him to be part 

of international projects. It seems that hiring software developers in Latin America is 

significantly more cost-efficient than in the United States. The reality of his employment 

exceeded his initial expectations, and he is working for his career advancement.

 A Courageous Newcomer’s Story
She is a very independent young woman with a physical disability whose dream was 

to study at a university. She knew that studying at a higher education institution would 

be a new challenge for her. She worked hard and enrolled in a bachelor’s in computer 

science. Although it took her longer, her experience as a student in a public university 

was like that of any other. Indeed, she has never seen herself as different from others 

despite her disability.

She always thinks about her mother who put her through school for 12 years and 

tells herself to “never give up.” Initially, she was refused due to her disability, but her 

mother was persistent and found a Catholic private school where an endowment was 

established to support her. As she was born without arms, she learned to do everything 

with her feet – she could do it "just like anyone else." However, classist attitudes from 

her peers dissuaded her from finishing high school there. This is a clear example of why 

equality of opportunity is not enough. Indeed, she found relief in the public education 

that previously rejected her. In the beginning, she was timid and had little contact with 

the other students, but her disability was not an obstacle to enjoyable studies during 

those years. She learned to use a keyboard and a mouse to program, and her interest in 

computing grew.

The hard road to her education began in university when the domino effect of failing 

a course delayed her graduation for three years. She had not even heard about the 

“Student Welfare Service” during the first four years. After those years, she was tired but 

still determined. However, she could not overcome mental exhaustion. There were many 

deeply ingrained barriers, both subtle and obvious, that she had to face. The long way 

home and lack of sleep created an imbalance in her body. Her student life was stressful 
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during the next two years, but she refused to give up. The COVID-19 outbreak disrupted 

her education in such a way that brought her time to rest and flourish. The online classes 

started four months later, and she was only enrolled in a couple of courses at a time. 

Her mother never treated her any differently from her three younger siblings. So she 

has never wanted to be treated differently in any way and thrived, thanks to her spirit. 

In a bid for future success, she is currently seeking a job while finishing her graduation 

project, which is about weed detection using machine learning. Although she is putting 

time and effort into finding a job opportunity like any other newcomer, she is a little 

disappointed because professional experience is required and there is no room for her 

preferences – at least so far. Her passion still burns, and she expects to have more job 

opportunities than other unqualified disabled people.

 Discussion
The perspectives of software developers from URGs have not yet been thoroughly 

explored in many previous empirical studies of software engineering as mentioned 

[Chapter 29, “Strategies for Reporting and Centering Marginalized Developer 

Experiences”]. In this chapter, the proposed conceptual framework provides a prism 

through which to view how different types of inequality interact and exacerbate one 

another. There are many ways to use it, but turning to the preceding narratives, they 

illustrate the first level of the framework by introducing the participants’ social identities 

and material differences in conditions of life.

FM mentioned, “In 2019, I decided to quit. I just quitted. He [my son] always had a 

personal tutor … I didn't see the need for [to be there], and my wife has always been with 

him.” He also regretted, saying, “I had to have negotiated time and money” and recalled, 

“I talked to my wife, and she said, ‘Our son is the most important thing. I will support 

you in the decision you make.’ I hadn't taken a vacation for a while, four or five years.” FM 

also reflected on disabled dependent care by saying, “It creates [further] expenses” and 

claimed, “It is complex in the sense that nobody can understand what is happening,” but 

“He [his son] is not a burden … I think I’ve learned to understand life in a different way.”

CN smiled and said, “I was born without arms, so I do everything with my feet.” 

Then, she added, “She [her mom] has never felt sorry for me” and recalled her mother's 

voice saying, “Come help me … Come do this. You can do it.” CN also stated, “At high 

school, I learned to disassemble computers and programming. That's when I realized 

that it is hard, but I liked programming … That's why I decided to follow the engineering 
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career.” CN was also reminded of her university years. “I went by bus to the university. 

It lasted around 70 minutes, and it took me about 30 minutes to get to the bus stop.” CN 

also claimed, “My body gets tired, and there comes a time when it doesn't give anymore” 

and added, “The truth is hard, [there is] a lot of pressure, many times without eating.” 

CN reflected, “I was so exhausted … I was mentally exhausted” and claimed about the 

COVID-19 pandemic, “I had already been through so much [at the university] that I 

wanted to be home.” CN displayed her determination saying, “I have always thought that 

my arms are missing, not my head …”

RS stated that “I was part of the clubs [at the university] and I developed skills 

[there]” and claimed, “It was an enriching experience to me, but it was not enough to 

have my first job.” RS remembered a European family that helped his parents to pay for a 

private education by saying, “Foreign aid was influential during my education at primary 

and secondary schools.” Then, RS also mentioned, “My parents worked hard to give me 

an education … I had a computer from an early age.” RS also pointed out, “I had a good 

level of English when I enrolled at the university.” RS recalled the months when he was 

looking for a job and said, “I felt frustration. I knew it was not because of ethnicity but 

because of experience.”

The narratives also present some societal processes and organizational practices 

that affect the formation, salience, perpetuation, and character of the social categories. 

The idea of privilege is inherent in the three stories, but it operates differently in the 

background to create the context in which the stories developed. The main character 

in each story represents each participant in this study. They are subject to various 

inequalities, and their individual experiences are not simply the sum of their parts.

The FM story unveils the dominant story about a male-dominant software industry 

that welcomes men. In this story, FM is a man who experienced a toxic culture and 

burnout. He claimed, “I used to work on the weekend, when necessary, but I am no 

longer willing to work late. I do not know how to explain this, but I want to spend time 

with my son.” That might sound odd in this type of culture, but FM’s son is a young 

adult with disabilities and high support needs. In this case, the personal story of FM 

shows that he is dealing with work-life balance issues comparable to those reported 

by female ICT practitioners regarding motherhood [23, 31]. It suggests that further 

research is needed to better understand the perceived impact of parenthood on software 

engineering since an individual’s social identities profoundly influence one’s experience. 

Thus, this inequality cannot be separated from other forms of inequality such as age. FM 

is also a middle-aged professional who followed two employability strategies mentioned 

in [6]: moving to a management role and specialization. Despite that, he found it hard 
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to find a new job, just as any other “older” developer would in this competitive industry. 

The lived experiences of FM also reveal organizational practices “glorifying working late 

or on weekends” [6].

The RS story challenges the majoritarian story on stereotypes and perceptions about 

indigenous people as unmotivated, low-qualified workers and academically untalented 

[24]. In fact, a recent study [15] about societal biases shows that applicants from URGs 

would be perceived as less favorable and capable. This study examined if racial and 

gender biases may be reduced through the embodiment of video game characters. The 

preliminary results show that an intersectional effect of race and gender simultaneously 

influences an applicant’s rating.

The analyses of the RS story revealed that compared with the narratives of other 

indigenous male and female software professionals with racism [24], RS recounted 

having no experiences with racism. One possible interpretation of this finding is that 

racism is not an issue for indigenous professionals in his region; however, this view 

is superficial at best. Therefore, a more compelling interpretation goes beyond the 

individual narrative. RS also said that he lives “near an indigenous community,” and 

RS was a student at a regional university with a population of about 10% indigenous 

students. In addition, RS mentioned that “my English teacher at the primary school was 

a native speaker. He was a retired foreigner … As you know, foreigners like to live here.” 

In this case, background education shaped RS's experiences of intersecting identities of 

racial or ethnic identification. Thus, the interpretation of the “seemingly unmeasurable 

and un-analyzable data” is an essential component for applying an intersectionality 

approach as mentioned by [8].

Additionally, the RS story highlights the critical role of mentoring in his career. 

Although the theoretical framework of Intersectional Capital [29] focuses on women, 

it is worth noting that mentoring is one of the three tenets central to that framework. 

The RS story suggests that further research is needed to understand the extent to which 

mentoring has a particular impact on professionals from URGs. RS also pointed out 

that “I did not have the years of experience that employers demand when I started 

looking for work after graduation.” It also suggests that “companies should take their 

share of responsibility, encouraging practices that welcome developers of any age” as 

recommended by [6].

The CN story draws attention to the silence prevailing around conversations about 

disability and the necessity of ensuring the inclusion and participation of students with 

disabilities in higher education institutions. The lack of policy and provision for students 
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with disabilities negatively impacts their self-efficacy. In line with this, a previous study 

[20] revealed that policies like competitive enrollment were a negative predictor of a 

sense of belonging and self-efficacy. However, this study is not focused on disability.

Additionally, the CN story illustrates that the effect of class and status is beneficial 

for some students, but they are barriers for others of lower socioeconomic status, such 

as CN, to pursue computer careers [14]. It highlights a need for educational strategies 

that engage undergraduate women in computing across their multiple identities like the 

theoretical framework of Intersectional Capital [29] or the critical framework for analysis 

in CS education called Intersectional Computing [21]. However, it is worth noting that 

those frameworks do not consider disability; therefore, further research is needed to 

address disabled students. Moreover, although previous studies like [18] were designed 

to counter-act oversimplification of the complex issues affecting workforce diversity, 

their focus is on the intersection of gender, race, and ethnic group but fails to include 

disability. Therefore, disability should be understood in the context of power relations 

embedded in social identities too. In particular, [18] aims to understand women’s 

career progression and identify six themes of which four were mentioned by CN – bias, 

credibility and legitimacy, support, and technical skills. For instance, CN stated that 

“People, just based on my disability, assign a bit of a value or assumptions about my 

[technical] skills and scope of responsibility. There's all this worry about whether you're 

capable or qualified.” In addition, CN noted that employers are crucial at this early stage 

of her career and said that “I would like to have only one job opportunity to prove who 

I am.” CN also emphasized the importance of technical skills to gain the respect of her 

peers and professors.

Despite all difficulties, CN still chose to stay in the computer discipline as the 11 Black 

women interviewed in [30]. Although CN did not mention having effective mentors like these 

Black women, she, like these women, remains true to her personal and professional goals 

and the inspiration from her mother, for example, she shared that “I am the first person in my 

family to attend university.” The analysis of societal processes allows us to identify that these 

factors contributed to her strategies of resistance and “successful” journey.

These stories remind us that being on the advantaged side provides more than just 

avoidance of oppression or disadvantage since it also provides access to status, rewards, and 

opportunities that other intersections do not have. Moreover, an intersectional position may 

be disadvantaged in one group while advantaged in another. RS, as an indigenous man, may 

be disadvantaged because of racism, but he enjoys privilege over other indigenous and non-

indigenous professionals due to his English language proficiency.
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From an intersectional perspective [16], it is a problem if we consider the inequalities 

presented in these stories or other inequalities as a “them” or “unfortunate other” 

problem since it hinders our ability to understand and conduct a proper intersectional 

analysis. Our experience has been that even having this disposition, it is challenging and 

complex to incorporate an intersectional perspective because it is related to our mindset.

 Summary
In this chapter, we explored intersectional perspectives through narratives from 

three software practitioners at different career stages. As people are as important as 

the process and technology in software engineering, the intersectional experiences 

of professionals from URGs must be legitimate as “ways of knowing” that offer a 

perspective not covered by dominant narratives [21]. To make sense of these complex 

and uncertain situations in a natural way, we used stories. Particularly, we used counter- 

narrative to challenge majoritarian narratives by communicating the lived realities of 

professionals from URGs.

To promote broadened participation from URGs, there is a critical need to 

understand their narratives, and interventions must carefully consider power dynamics 

between dominant and non-dominant social groups as also mentioned by Kohl and 

Prikladnicki in Chapter 11, “Gender Diversity on Software Development Teams: A 

Qualitative Study.” We hope this chapter inspires other researchers and practitioners 

to explore the soft side of software engineering and challenge the deeply engrained 

oppression systems that are in place by taking seriously the unique and specific 

knowledge of the software professionals from URGs.
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CHAPTER 13

Perceptions of Software 
Developer Inclusion: 
A Survey at Google
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As an emerging and growing research field, the ability of researchers in software developer 

diversity and inclusion to make practical progress hinges on their ability to ask and answer 

the right questions. To make progress on this task, we surveyed a diverse group of 903 

software engineers at Google about their experiences surrounding inclusion and software 

development. We found that accessibility was frequently mentioned as an important area 

to address, that negative experiences sometimes impact certain groups more often, and 

that open and closed source developers use different patterns of help-seeking behavior.

 Introduction
As evidenced by this book, a variety of researchers have studied inclusion in software 

engineering communities, typically through the lens of a specific group of historically 

marginalized developers such as women [14] or through a specific task such as 

code review [13]. Such research can provide compelling insights into the inordinate 

challenges imposed on these developers.

What such lenses lack is a bigger picture on inclusion in software engineering, 

beyond challenges faced by a specific community or during a specific task. But this lack 

of a big picture has posed a significant threat to our research group’s ability to fulfill our 
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team’s mission at Google, to advance understanding of diversity and inclusion challenges 

facing software developers and evaluate interventions that move the needle on creating 

an inclusive developer culture for all. Without a big picture of inclusion challenges, 

both our team and the wider community that researches software developer inclusion 

cannot be certain that our current focal areas are the most important inclusion areas we 

can be focusing on. For instance, perhaps our effort to study inequities in code review 

is misguided, because we could have a bigger impact by studying a topic we haven’t 

thought of yet that is pervasive in practice.

To widen the lens and build a bigger picture of inclusion in software engineering, 

in 2021, we ran a survey with 903 responses from Google engineers (18% response 

rate). We constructed the survey by combining newly created questions with questions 

adapted from Stack Overflow1 and GitHub2 developer surveys to allow for comparisons. 

Survey topics included experiences with key collaborative development tasks; preferred 

channels for obtaining support off-team (i.e., a team at Google that a developer is 

not a member of); help-seeking, help provision, and stuck behavior; and experiences 

while using asynchronous communication tools. Full survey details are in the section 

“Appendix.”

To select participants, we used a stratified sampling approach to ensure the 

representation of developers across diverse races/ethnicities, gender identities, and 

ages, as detailed in the section “Appendix.” We additionally invited developer members 

of LGBTQ+ (29 responses), transgender (8 responses), and disability-focused (4 

responses) employee resource groups to respond through their email lists. Because there 

were relatively few respondents from the transgender and disability groups, we did not 

provide or analyze breakdowns for those groups, but we did include their responses 

within our aggregate quantitative and qualitative analysis. In figures throughout this 

chapter, response breakdowns from members of the LGBTQ+ employee resource group 

are referred to by the group’s name, “Pride at Google.”

The other demographic identifiers referenced in this chapter are reflective of the 

options that were available within employees’ internal human resources profiles at the 

time of data collection (which also include the option to not self-identify). In charts we 

present, we distinguish between US- and non-US-based employees when referring to 

race/ethnicity categories because analyzing race/ethnicity data is only permitted for US 

employees according to company policies based on international regulations. Response 

1 https://insights.stackoverflow.com/survey/2020
2 https://opensourcesurvey.org
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counts per group are detailed in the section “Appendix” alongside the sampling criteria. 

Note that most categories we provide breakdowns for are not mutually exclusive, that is, 

survey participants may appear in multiple demographic categories, such as those for 

age, race/ethnicity, and gender. The only mutually exclusive categories are Female/Male 

and US/Non-US. Our project was reviewed by Google’s employee privacy working group, 

helping ensure that we were using data congruent with employees’ expectations and 

following privacy best practices.

We summarized overall distributions of responses across questions with descriptive 

statistics and analyzed data for any significant differences in responses across 

groups when sample sizes were sufficient to provide statistical power to make such 

comparisons. The first author analyzed open-ended data to synthesize qualitative 

themes. We next summarize the results and discuss what those results mean.

 Results
 Overall Inclusion Sentiment
Overall, we found that engineering tools and processes are meeting most groups’ needs. 

Thirty-one percent of respondents reported that engineering processes and tools met all 

of the respondents’ needs, 60% reported most of their needs were met, 8% reported some 

of their needs were met, and 2% said few of their needs were met. Figure 13-1 breaks 

down participant responses by demographic category.

Figure 13-1. Survey response breakdown for software engineering inclusion 
question
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On the other hand, looking at Figure 13-1, more Black developers (18%) reported 

that only some or few of their needs were met when compared with White, Asian, and 

Hispanic or Latino developers (8%). Additionally, more developers aged 40 years and 

older (13%) reported that only some or few of their needs were met than those under 

40 years of age (7%). Also, developer members of Pride at Google were the least likely to 

report all of their needs were met when compared with everyone else (21% vs. 31%).

 Most Important Developer Inclusion Areas to Address

To add more depth to the previous quantitative data, we next asked respondents the 

following open-ended question, “For this question, we’re defining inclusion as the 

degree to which employees feel part of essential organizational processes, including 

influence over the decision-making process, involvement in critical work groups, 

and access to information and resources. In your opinion, what inclusion issues in 

engineering tools and processes do you view as most important to address, and why?” 

We coded the 177 responses into several categories, as shown in Figure 13-2. We next 

give examples of comments from the top four categories and the “better documentation, 

tutorials, mentorship” category.

Figure 13-2. Number of open-ended responses in emergent themes from the 
inclusion issues question
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The most common response was a desire for improved accessibility of internal tools. 

More than half of those comments specifically discussed enhanced supports for visual 

accessibility, for example:

[C]olor contrast. Not all text is legible. My eyesight is good but not perfect 
anymore.

Participants also desired improved product design processes. Specifically, the 

second most common theme was a desire for a more user-centered design process for 

internal engineering tools, similar to the structured design research approaches applied 

to consumer products. Respondents wanted the design of these tools to take in account 

the varied experiences and feedback of their users rather than basing decisions on the 

intuitions of the team building the product or the loudest voices off-team:

The typical metric that [internal] product teams seem to use for prioritizing 
features is “How many people are asking for this?” It often feels incredibly 
difficult to motivate their product decisions based on “How acutely is this 
affecting a smaller group of users?”

Respondents raised concerns that organizational decision-making was at times 

too hierarchical and opaque, failing to incorporate a diverse set of perspectives or to 

clarify the criteria used to reach decisions to the broader impacted groups. This category 

included concerns around when conversations are not facilitated to solicit input from 

the range of voices present:

Engineering decisions have become much more top-down than in the 
past …and the needs and concerns of the engineers on the receiving end are 
not really considered.

Respondents also had a desire for increased transparency and open information- 

sharing. Respondents shared examples of information being difficult to discover and 

inconveniences related to gaining access to documents in cases where the subject matter 

was not confidential yet default sharing permissions weren’t granted between different 

parts of the organization:

Inability to access documents in others’ verticals might affect ability to pro-
vide feedback.
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Finally, respondents described how high-quality documentation, user guides, and 

mentorship can ensure all developers are equally empowered to be successful:

A lot of documentation on engineering tools assumes background or past 
experiences that may not be applicable to folks from diverse backgrounds … 
Certain documentation puts a lot of burden on the reader to dig around for 
background info.

 Experiences During Collaborative Development Work
We next asked respondents to share their experiences with key collaborative 

development activities. The breakdown of their responses is shown in Figure 13-3. 

Most respondents reported frequently or always having positive experiences during 

these activities. About 80% said they always received respectful feedback during design 

and code reviews, while over half said they always experienced fair task distribution, 

appropriate credit, and receptiveness to their ideas in the context of their work.

In terms of collaboration, developers of higher age groups reported worse outcomes 

than those of lower age groups, to a statistically significant degree. Twenty-three percent 

of developers aged 60 years or greater reported having experienced unfair distribution of 

development tasks compared with only 6% of developers under 30 years old. Nineteen 

percent of developers between the ages of 50 and 59 years old and 35% of developers 

60 years or greater in age reported instances of not receiving appropriate credit for 

their engineering contributions, compared with 6% of developers under 30 years old. 

Apart from these age differences, no other statistically significant differences between 

demographic groups emerged.
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Figure 13-3. Survey response breakdown for experiences during collaborative 
development activities question

Respondents provided examples of negative experiences during these collaborative 

development activities, as a follow-up to the prior question. In the following are some of 

the examples of the 110 follow-up responses we received:

There is a lot of behind-the-scenes work that gets done (like task tracking, 
note-taking, organizational planning, mentoring, etc.) that I as a female 
was either asked to do or just did that helped the team run smoothly but 
was never acknowledged.

Even if I contributed heavily to the design through reviews, if my name isn’t 
listed as an author, I probably wouldn’t take credit. Might be nice to have 
guidelines about second [and] third authors and publicize more.

I was offended when my coworker responded that my idea was “not impor-
tant” and that I was “missing the company’s priorities.” Even if that is 100% 
true, I would have appreciated him saying, “That’s an interesting idea, but 
we don’t have time for that right now. Maybe we can revisit this later.”

Work is not particularly proactively distributed or tracked on my team. 
Nobody has particular visibility into how much work anyone is doing …and 
at [performance review] it’s clear our manager has limited visibility too.
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 Level of Comfort Reaching Out Off-Team
Most participants reported feeling comfortable using various channels when reaching 

out for off-team support, but comfort did vary based on the channel. More respondents 

reporting being “comfortable” or “very comfortable” reaching out to an individual they 

were directly referred to or to listed code, document, or bug owners (88% and 84%, 

respectively) than they did using an internal question forum called YAQS or reaching out 

to a mailing list (77% and 70%, respectively).

When asked to elaborate on reasons for discomfort, the most frequently cited 

reasons were fear of asking what others would perceive as an obvious or unnecessary 

question, doubts that the answers would be timely enough or sufficient to solve 

their problem, reticence to engage due to the tone in which previous questions were 

responded to within the forum, and concerns about spamming too wide of a group 

or disrupting others in their work. For example, one developer explained in an open 

response:

I have major imposter syndrome and I’m afraid of asking dumb questions. 
Questions on YAQS and mailing lists will be visible forever, and it’s open to 
a huge audience.

As suggested by Figure 13-1, how different demographic groups responded to 

questions was generally similar. However, the level of comfort seeking off-team technical 

support was one of the two areas of the survey where differences did exist, as evidenced 

by adjusted Wald confidence intervals.

Figure 13-4 shows these differences across groups. Using non-overlapping 

confidence intervals of non-favorable responses as the criterion, we observe the 

following differences:
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Figure 13-4. Comfort reaching out off-team, broken down by demographics

• Thirty-four percent of female developers reported being “not at all” 

or “somewhat” comfortable reaching out via YAQS compared with 

20% of male developers.

• Forty-four percent of female developers reported being “not at all” 

or “somewhat” comfortable reaching out via a mailing list compared 

with 24% of male developers.

• Thirty-four percent of Black developers reported being “not at all” 

or “somewhat” comfortable using YAQS compared to 16% of Asian 

developers.

• More Black (23%), White (18%), and female (18%) developers, as well 

as developer members of Pride at Google (30%), reported being “not 

at all” or “somewhat” comfortable reaching out to listed code/doc/

bug owners when compared with Asian developers (8%).
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 Comparing Google to Stack Overflow and GitHub
Because some of our questions were modified versions of inclusion questions asked by 

Stack Overflow and GitHub, we can compare those results. When asked about a recent 

experience finding help, directly reaching out to another person for help is the most 

common way developers reported providing and seeking assistance at Google; 63% of 

Googlers reported asking a specific person for help, while only 14% of GitHub users did. 

Google developers were less likely to report unsolicited help or asking for help in an 

external forum; 0% of Googlers reported doing this, whereas 74% of GitHub users did.

Methods for getting un-stuck also differed between Google and Stack Overflow. 

When asked about what developers do when they get stuck

• Eighty-eight percent of Google respondents “ask a teammate 

for help” at least sometimes, while only 50% of Stack Overflow 

respondents “call a coworker or friend” with the same frequency.

• Seventy-one percent of Google respondents “investigate the issue 

using external documentation (Stack Overflow and others)” at least 

sometimes, while 91% of Stack Overflow respondents “visit Stack 

Overflow” with the same frequency.

• Twenty-three percent of Google respondents “watch help/tutorial 

videos” at least sometimes, while 53% of Stack Overflow users do.

Many of the differences observed between Google and GitHub responses can 

likely be attributed to the inherent differences in developer workflows in a private 

company vs. an open source project. For example, within a private company, developers 

primarily collaborate with colleagues they know, whereas within an open source 

context, developers are more likely to collaborate with strangers whom they don’t have a 

professional relationship with.

 Discussion
Returning to our original question, are we as researchers studying the right thing? There 

are many ways to answer this question, but turning to Figure 13-2, we can compare what 

the research community focuses on vs. what developers report as the most important to 

address.
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For instance, many in the research community – ourselves included – have focused 

on inclusion in the code review process (e.g., [7, 9, 10, 11, 13]), but it was not mentioned 

by many respondents as the most important issue to address. On the other hand, vision 

and other accessibility issues were frequently mentioned, providing some support for 

research in the topic (e.g., [1, 2, 3, 8, 12]). As another example, a more structured design 

research process for internal tools was the next most mentioned inclusion issue, but 

we know of little research in that area. To the extent that there’s a disconnect between 

practitioners’ perceptions of inclusion issues and what the research community 

investigates, we speculate that part of the problem may be that the community tends to 

investigate highly structured and instrumented processes (like code reviews), which are 

easier to study than unstructured or un-instrumented processes (like design reviews).

Beyond asking respondents directly what they believe to be the most important 

inclusion issues to address, we also asked them about their experiences during common 

collaborative development activities and evaluated whether experiences varied across 

demographic groups. We found some groups were less comfortable reaching out for 

help using mailing lists and question forums. Prior research has also found evidence 

that experiences in public technical forums vary by gender (e.g. [4, 5, 6 ]). Scaling the 

exchange of information and expertise often requires diverting questions to common 

support channels. Further research aimed at enhancing the psychological safety of 

these online knowledge-sharing spaces could potentially reduce barriers to obtaining 

technical support that may be disproportionately experienced by underrepresented 

groups within those spaces.

We believe strongly in amplifying marginalized voices, as we have tried to do with 

this survey. But at the same time, we also believe that a research roadmap need not 

be constructed strictly using a histogram of frequently mentioned issues. Solving real 

inclusion issues is clearly critical, yet not every issue is salient and easily articulated 

when filling out a survey, so researchers should also apply other prioritization 

mechanisms. For instance, a researcher in a historically marginalized group may choose 

to study that group, bringing valuable personal motivation and experiences to the table.

Additionally, although we found few significant differences in terms of the 

frequency of positive experiences across demographic groups, we did find that a small 

proportion of engineers across all groups had negative experiences while collaborating 

on development work. While frequency of negative occurrences may be similar, the 

impact of those negative experiences may not be equal across all groups. For those 

who are less represented in the field of engineering, these experiences, like failing to 
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get appropriate credit for their contributions or receiving disrespectful feedback, may 

have greater negative impact. Thus, research aimed at reducing the incidence of these 

unfavorable experiences in general, through more fair and transparent processes for 

distributing and tracking team work, for example, may still serve to enhance inclusion 

for marginalized groups.

We believe that Google is a reflection of the larger tech industry and that our survey 

is replicable in other organizations. At the same time, our results have very limited 

generalizability because our sample of survey respondents was stratified such that the 

respondent pool is purposefully not representative of the population of developers at 

Google. Given the differences we observed comparing our results to GitHub and Stack 

Overflow’s, results may be different in other development contexts as well. Nonetheless, 

the results presented in this chapter provide a unique examination of developer 

inclusion issues across a diverse sample of engineers.

 Conclusion
As the field advances, researchers can use our findings to help guide decisions on what 

inclusion problems to study in software development. When asked to volunteer priorities 

to address in this space, developers frequently mentioned issues related to accessibility 

and product design processes, but since frequency isn’t the same as importance, we also 

encourage researchers to study other inclusion challenges, challenges that might not yet 

be salient to practitioners, but that negatively impact software developer diversity and 

inclusion nonetheless.
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 Appendix
In this appendix, we list our survey design, sampling criteria, and survey questions.

 Survey Design
Our survey was divided into three parts: the frontmatter, high-level inclusion experience 

questions, and questions about specific processes. In what follows, we briefly describe 

the design of each section; full questions appear later in this appendix. We asked six 

questions designed to assess developer sentiment toward engineering inclusion. The 

questions covered whether the company’s engineering tooling and processes meet 

engineers’ own needs, as well as to what extent the respondent believes the company 

is committed to product inclusion and accessibility when developing Google’s internal 

engineering tools. We designed these questions to assess software developer inclusion 

at a high level, with a focus on developer tools because our team’s place in the company 

enables it to provide research findings directly to teams that build and maintain 

such tools.

The remainder of the questions focused on specific development processes and 

tasks. The first two questions were about the nature of feedback during code and design 

reviews, whether engineering tasks are distributed fairly, peers’ receptiveness to new 

ideas, and receiving appropriate credit for engineering contributions. We chose these 

questions based on prior work in computer and social sciences, which, for instance, 

suggest that women are more likely to face more pushback during code review [9, 13].

The next three questions asked about respondents’ comfort reaching out off-team 

via various channels and frequency of employing various methods for getting unstuck. 

These questions are based on a similarly worded, comparable question for Stack 

Overflow. The next four questions asked about a respondent’s most recent specific 

help-giving and help-receiving experience, digging into how help was obtained, the 

relationship between the help giver and help receiver, and the nature of the problem. 

These questions are based on similarly worded questions from GitHub. The final three 

questions asked about discouraging behaviors that respondents may have encountered, 

such as lack of responses to questions, dismissive responses, and unexplained delays. 

These questions were also adapted from GitHub’s survey.
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 Sampling
To ensure inclusion of diverse groups and perspectives in our sample, we invited

• 300 developers who self-identify as Black or African American

• 400 developers who self-identify as Hispanic or Latino

• 500 developers who self-identify as Asian

• 500 developers who self-identify as White

• 10 developers who self-identify as American Indian or Alaskan Native

• 10 developers who self-identify as Native Hawaiian or Other Pacific 

Islander

• 500 developers who self-identity as male

• 500 developers who self-identify as female

• 500 developers who self-identify as less than 29 years of age

• 500 developers who self-identify as between 30 and 39 years of age

• 500 developers who self-identify as between 40 and 49 years of age

• 400 developers who self-identify as between 50 and 59 years of age

• 70 developers who self-identify as 60+ years of age

While we would have ideally sampled 500 software engineers from each group, for 

several groups listed here, we invited fewer engineers, so as not to overburden these 

communities with research requests.

We received 903 total responses, but 41 of these were in response to survey 

invitations sent by email to three employee resource groups and do not have 

demographic data connected to them. We received 862 responses from the stratified 

sample that we invited by individual email invites. Demographic data is available for 

these 862 responses, but we only report breakdowns in this chapter for the groups that 

had sufficient sample sizes. We received responses from

• 171 developers based outside the United States (race/ethnicity data 

not available)

• 197 developers who self-identify as Asian
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• 64 developers who self-identify as Black or African American

• 105 developers who self-identify as Hispanic or Latino

• 306 developers who self-identify as White

• 2 developers who self-identify as Native Hawaiian or Other Pacific 

Islander

• 1 developer who self-identifies as American Indian or Alaska Native

• 12 developers who self-identify as more than one of the preceding 

races/ethnicities

• 28 developers within the United States who chose not to self-identify 

a race/ethnicity

Breaking down responses by gender, we received responses from:

• 178 developers who self-identify as female

• 681 developers who self-identify as male

• 3 developers who chose not to self-identify a gender

Across age groups, we received responses from

• 252 developers under the age of 30

• 283 developers aged 30–39 years

• 175 developers aged 40–49 years

• 127 developers aged 50–59 years

• 25 developers aged 60 years or more

Responses from some groups (e.g., Male) exceed the original strata sample sizes 

because respondents from other samples contribute to response group sizes.

 Survey Frontmatter
We designed the frontmatter to the survey to explain the context of the survey, how the 

results would be used and shared, and how to reach out to the researchers. At the end 

of the frontmatter, we asked two questions about where respondents’ code resides: in 

the company’s monolithic repository (e.g., where Google Maps and Docs reside), in its 
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external git repository (e.g., where Android and Chromium reside), on private cloud git 

repositories (source.cloud.google.com), or on public git repositories on GitHub. These 

questions were not generalizable outside of Google, so we do not provide any further 

analysis of them here. More than 80% of respondents said that Google’s monolithic 

codebase is where the majority of their code is hosted.

 Refinement and Analysis
To refine the survey’s validity and clarity, we piloted the survey by observing 11 

developers filling it out. Pilot participants were recruited using a small stratified sample 

similar to the one used for the full survey. During the pilot, the first author observed the 

participants answer the survey questions over video conferencing during a 45-minute 

session. The first author occasionally probed with additional questions about how pilot 

participants selected their responses or how they interpreted the question and answer 

options.

 Survey Questions
[Q1] Thinking about your background, experiences, and demographic characteristics, to 

what extent do engineering tooling and processes at Google meet?

• All of your needs

• Most of your needs

• Some of your needs

• Few of your needs

• None of your needs

• Unsure

[Q2] Google/Alphabet is committed to product inclusion within internal engineering 

tools (i.e., intentionally incorporating underrepresented perspectives at key points in the 

product design process).

• Strongly disagree

• Disagree

• Neither agree nor disagree
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• Agree

• Strongly agree

• Unsure

[Q3] Optional: Please explain your answer to the previous question and elaborate on 

any ways Google/Alphabet is or is not demonstrating commitment to product inclusion 

within internal engineering tools.

[Q4] Google/Alphabet incorporates accessibility (i.e., the needs of people with 

disabilities) into the design and development process of internal engineering tools.

• Strongly disagree

• Disagree

• Neither agree nor disagree

• Agree

• Strongly agree

• Unsure

[Q5] Please complete the following statement. The engineering tools I use regularly 

within my work at Google/Alphabet have

• All of the accessibility supports I require

• Most of the accessibility supports I require

• Some of the accessibility supports I require

• Few of the accessibility supports I require

• None of the accessibility supports I require

[Q6] Optional: For this question, we’re defining inclusion as the degree to which 

employees feel part of essential processes, including influence over the decision-making 

process, involvement in critical work groups, and access to information and resources. In 

your opinion, which inclusion issue in engineering tools and processes at Google do you 

see as most important to address, and why?
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[Q7] During the past three months, how often did each of the following things 

happen? (Options: Never, Rarely, Sometimes, Frequently, Always, Not applicable)

• When I received feedback during design reviews, it was respectful.

• When I received feedback during code reviews, it was respectful.

• Engineering tasks were distributed fairly on my team.

• Other Googlers were receptive when I proposed a new idea (feature, 

fixit, etc.).

• I received appropriate credit for my engineering contributions.

[Q8] Optional: Please elaborate on any experiences in which you did not receive 

respectful feedback during design/code reviews, engineering tasks weren’t distributed 

fairly, other Googlers weren’t receptive when you proposed an idea related to your 

engineering work, or you did not receive appropriate credit for your engineering 

contributions.

[Q9] During the past three months, how comfortable did you feel reaching out 

for off-team help through the following channels? (Options: Not at all comfortable, 

Somewhat comfortable, Comfortable, Very comfortable, Not applicable)

• YAQS (an internal Q&A system)

• Mailing list

• Listed code/doc/bug owners

• Directly contacting another individual I was referred to

[Q10] Optional: Please describe any reasons you did not feel comfortable when using 

YAQS, mailing lists, listed owners, or referrals to reach out for assistance off-team.

[Q11] During the past three months, how frequently did you do each of the following 

when you got stuck during an engineering task? (Options: Never, Rarely, Sometimes, 

Frequently, Always)

• Investigate the issue using internal documentation (YAQS, MoMA, 

intranet search, etc.).

• Investigate the issue using external documentation (Stack Overflow 

and others).

• Do other work and come back later.
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• Watch help/tutorial videos.

• Ask a teammate for help.

• Ask a colleague off-team for help.

• Do something non-work related and come back later (e.g., take 

a walk).

• Other:

[Q12] Thinking of the most recent case where someone helped you at work, how did 

you find someone to help you? (Choose one.)

• I asked for help in an internal forum (e.g., in a YAQS thread, project 

mailing list, etc.) and someone responded.

• I asked for help in an external forum (e.g., Stack Overflow) and 

someone responded.

• I asked a specific person for help.

• Someone offered me unsolicited help.

• A standard or prescribed process led us to interact (e.g., code review).

• Other:

[Q13] Which best describes your relationship with the person who helped you?

• We knew each other well.

• We knew each other a little.

• I knew of them through their contributions to projects, but I didn’t 

know them personally.

• Total strangers, I didn’t know of them previously.

[Q14] What kind of problem did they help you with?

• Writing code or otherwise implementing ideas

• Debugging code

• Installing or using a tool, application, or piece of infrastructure

• Understanding community norms (e.g., how to submit a change, how 

to communicate effectively)
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• Introductions to other people

• Other:

[Q15] Thinking of the most recent case where you helped someone at work, how did 

you come to help this person?

• They asked for help in an internal forum (e.g., in a YAQS thread, 

project mailing list, etc.) and I responded.

• They asked me directly for help.

• I reached out to them to offer unsolicited help.

• A standard or prescribed process led us to interact (e.g., code review).

• Other:

[Q16] Which best describes your relationship with the person you helped?

• We knew each other well.

• We knew each other a little.

• I knew of them through their contributions to projects, but I didn’t 

know them personally.

• Total strangers, I didn’t know of them previously.

[Q17] What kind of problem did you help them with?

• Writing code or otherwise implementing ideas

• Debugging code

• Installing or using a tool, application, or piece of infrastructure

• Understanding community norms (e.g., how to submit a change, how 

to communicate effectively)

• Introductions to other people

• Other:

[Q18] Optional: Please share any additional context about your answers to the 

previous questions regarding recent instances of helping others and receiving help or 

your general experience as an engineer of helping and receiving help.
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[Q19] Thinking about the code review tools you’ve used in the past three months 

at Google/Alphabet, how often have you experienced the following? (Options: Never, 

Rarely, Sometimes, Frequently, Always)

• Unexplained delay in getting a CL reviewed

• Lack of response to questions

• Withholding of LGTM on CLs without explanation

• Dismissive responses to CLs

• Dismissive responses to questions

• Conflict or interpersonal tension with another engineer

• Language or other content that made you feel uncomfortable (e.g., 

profanity, inappropriate jokes, etc.)

[Q20] Optional: Please elaborate on any of the preceding experiences that you said 

happened rarely to always while using code review tools.

[Q21] Thinking about the asynchronous communication tools you’ve used in the 

past three months at Google/Alphabet (e.g., chat, email, YAQS), how often have you 

experienced the following? (Options: Never, Rarely, Sometimes, Frequently, Always)

• Unexplained delay in getting a response

• Lack of response to questions

• Dismissive responses to questions

• Conflict or interpersonal tension with another engineer

• Language or other content that made you feel uncomfortable (e.g., 

profanity, inappropriate jokes, etc.)

[Q22] Optional: Please elaborate on any of the preceding experiences that you said 

happened rarely to always while using asynchronous communication tools.
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There have been many past reports of women being underrepresented among contributors 

to open source, from surveys and analyses of repository data. In this chapter we take a 

fresh, comprehensive look at the representation of women in open source, focusing on 

historical trends among infrastructure projects – the libraries and packages indexed by 

popular package managers that so much of the world relies on. We start by compiling 

and synthesizing existing empirical data from the literature and then use an automatic 

name-based gender inference technique to capture population level across 20 open 

source package manager ecosystems. Our results reveal a promising upward trend in the 

percentage of women among both highly active (“core”) and general repository contributors 

over time, but also high variation in the percentage of women contributors across 

ecosystems. The chapter is based on a short paper we presented at ICSE SEIS 2023 [44].
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 Introduction
The economic value and importance of open source software (OSS) to the economy and 

society as a whole are, by now, well recognized. Companies big and small, nonprofits, 

government entities, scientists, students, and hobbyists all use OSS libraries and packages 

[18]. To maintain all this digital infrastructure, a constant supply of effort is needed, often by 

volunteers, to fix bugs, patch vulnerabilities, and implement new features. Prior research has 

repeatedly shown that the availability of this effort should not be taken for granted – open 

source contributors can choose to disengage at any time for a variety of reasons [37], and 

even widely used, popular projects can end up being maintained by no one at all [4, 12].

Among the challenges to open source software sustainability, low gender diversity 

is particularly problematic because it hinders the benefits that a team could have 

possessed otherwise. It is beyond being a problem of social justice, as there is plenty 

of evidence demonstrating the benefits of having a gender-diverse team. For example, 

evidence shows that having a gender-diverse team in public code collaboration could 

enhance productivity and lower community smells [11, 46]. One reason behind the 

better performance is that men and women tend to display different personalities [49]. 

Leveraging positive personality traits that are associated with better team performance 

can lead to more successful teams [59]. At the same time, a diverse team can better 

understand the needs of their users, which are often diverse [38].

Practitioners and researchers have been working on solving the problem of low 

gender diversity in OSS. Many studies and reports in the past two decades showed low 

representation of women in OSS (see the section “Related Work” for a review). Active 

research areas include identifying roles women play in OSS development [54], detecting 

barriers that women face when entering OSS [17], and quantifying biases women face 

when making contributions [53]. In practice, there are initiatives to remove barriers 

for women and to create more inclusive communities, such as Open Source Diversity,1 

Outreachy,2 and Rails Girls Summer of Code.3

There have been many attempts to assess the gender representation in the open 

source software community. Although prior studies reached a general agreement on 

the overall low fraction of women in the population, the reported percentages have a 

1 https://opensourcediversity.org
2 https://www.outreachy.org
3 https://railsgirlssummerofcode.org
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high variance, the possible causes of which could be unrepresentative samples, different 

subpopulations, different time periods, or different methods. In this chapter, we add 

one large-scale study to the literature while fixing the method and looking over time and 

across ecosystems. This chapter is a descriptive study that reports the representation of 

women in OSS slicing by three dimensions. We first slice data over time to show how the 

gender distribution evolves. Then we slice data by ecosystem, since each of them has 

different management practices [6]. We also segment the population vertically to analyze 

women’s distribution among core contributors, those who are more experienced and 

responsible for the majority of the contributions [28].

When investigating gender distribution, we followed many previous studies [48, 57] 

and used automated gender inference tools to infer genders based on the information 

disclosed by contributors, oftentimes names. These methods have certain known 

limitations and biases, including the imperfect accuracy and the assumption of binary 

gender, which does not reflect the current perception of gender [50]. We are aware that 

the use of the inference on individuals can be harmful [26, 29]. Therefore, our study only 

uses name-based gender inference on the population level and treats the results as only 

an approximation of the real situation [35].

 Related Work
 Automatic Gender Inference Tools
Researchers have explored various techniques to automatically infer gender of 

individuals. This section discusses the approaches available to our GitHub source data. 

Note that all classifiers here assume binary gender, and their benchmarks also consist of 

only data of binary gender.

Appearance-based gender inference has been extensively studied in the field of 

computer vision, where many classifiers can achieve an accuracy higher than 90%, even 

99% [2] or nearly 100% [62]. However, a large number of GitHub users are using default 

profile pictures, and there is no guarantee that a contributor’s profile picture is a picture 

of themselves. Hence, we did not use appearance-based inference because the results 

would be very unreliable.

Researchers have also explored text-based gender inference, which relies on 

vocabulary and frequency of words [34] and even style markers and structural 

characteristics [13]. However, our text pieces on GitHub, such as commit messages, are 

usually short, and the accuracy of this technique is low.
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To the best of our knowledge, name-based gender inference is the most commonly 

used approach in the software research community. Certain tools perform the inference 

based on only an individual’s first name. For example, Gender-guesser is a Python 

package that uses the first name to assign “unknown,” “andy” (androgynous), “male,” 

“female,” “mostly_male,” or “mostly_female” to an individual. In comparison, several 

tools incorporate one’s geolocation or cultural origin into their inference. For example, 

both Namsor and NameAPI are paid services that infer one’s cultural origin based on 

their last name. Based on benchmark evaluations by Santamaría and Mihaljević [50] 

and Sebo [51], Gender API and Namsor are the most accurate tools with accuracy higher 

than 90%. Thus, we pick Namsor as our gender inference tool.

Researchers have started reflecting on the negative impact of automatic binary 

gender inference tools. Hamidi et al. [26] criticized the tools’ assumption of binary 

gender as “gender reductionism.” We acknowledge and agree that the limitation also 

exists in name-based gender inference, including ours, and caution against using such 

technology to make individual-level inferences. As we argued previously, we only make 

population-level inferences to get a general sense of global trends and differences 

among ecosystems.

 Gender Distribution from Prior Studies
With rising awareness of the low gender diversity problem, many studies have attempted 

to estimate the gender composition in the OSS community. Although all studies report a 

low percentage of women contributors, these numbers have wide variation ranging from 

1% to 12%. Building on the overview or women ratios across years by Trinkenreich [55], 

we provide an overview of the results reported by prior studies grouped by methods.

Surveys: The first section of Table 14-1 lists the studies that rely on survey data to 

measure gender distribution. Surveys can capture people’s self-identified gender and 

arguably increase the precision of gender identification [36]. However, survey data, albeit 

more reliable and accurate, are prone to selection bias [5]. Moreover, survey samples are 

usually small, making it hard to generalize.
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Table 14-1. Women ratios in prior works grouped by data sources and methods

Year Source Sample Size Ratio Citation Project

Gender Ratios Reported from Survey Data

2001 online survey 5,478 0% robles et al. [47]

2002 online survey 2,784 1.1% Ghosh et al. [24]

2001–

2002

email 684 2.5% lakhani et al. 

[32]

2002 email 79 5% hars and ou [1]

2003 online survey 1,588 1.6% David et al. [15]

2013 online survey 2,183 10.35% robles et al. [46]

2015 online survey 816 24% Vasilescu et al. 

[59]

2017 online survey 6,000 5% Github [23]

2017 online survey 64,000 7.6% Stack overflow 

[52]

2019 online survey 119 10.9% lee et al. [33]

2021 online survey 242 7.6% Gerosa et al. [22]

Gender Ratios Reported from Mining Software Repositories

2012 email subscribers, uS census 1,931 8.27% Kuechler et al. 

[31]

2012 Stack overflow 2,588 11.24% Vasilescu et al. 

[57]

2015 Github, genderComputer [57] 1,049,345 8.71% Kofink [30]

2015 Github, genderComputer 873,392 9% Vasilescu et al. 

[60]

2017 Github, social media 328,988 6.36% terrell et al. [53]

(continued)
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Table 14-1. (continued)

Year Source Sample Size Ratio Citation Project

2017 openStack, genderize.io4 - 10.4% izquierdo et al. 

[27]

2019 Github, namsor [9] 300,000 9.7% Qiu et al. [42]

2019 Gerrit, genderComputer, social 

media

4,543 8.8% Bosu and 

Sultana [7]

2020 Github, genderComputer, 

namsor

1,954 core 5.35% Canedo et al. [8]

2021 Github, genderComputer, 

Simple Gender [21]

1,634,373 5.49% Vasarhelyi et al. 

[56]

2021 Github, genderize.io 65,132 10% prana et al. [41]

2022 Software heritage [40], 

gender- guesser5

21.4M 10% rossi et al. [48]

Gender Ratios Reported from Different Ecosystems or Projects

2014 Mailing list 3,342 9.81% Vasilescu et al. 

[58]

Drupal

2014 Mailing list 3,611 7.81% Vasilescu et al. 

[58]

wordpress

2016 online survey 765 5.2% Sharan [20] apache

2005–

2016

Github 14,905 8% Cortázar [14] linux

2016 online survey 1,479 2% raissi et al. [45] Debian

2019 Github, namsor 1,601 3.4% asri and  

Kerzazi [3]

angular.js

2019 Github, namsor 1,824 3.5% asri and  

Kerzazi [3]

Moby

(continued)

4 www.genderize.io
5 https://pypi.org/project/gender-guesser/
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Table 14-1. (continued)

Year Source Sample Size Ratio Citation Project

2019 Github, namsor 3,723 4.2% asri and Kerzazi 

[3]

rails

2019 Github, namsor 1,672 5.3% asri and Kerzazi 

[3]

Django

2019 Github, namsor 1,127 4.2% asri and Kerzazi 

[3]

elasticsearch

2019 Github, namsor 1,735 5.8% asri and Kerzazi 

[3]

tensorflow

2019 Gerrit, genderComputer 258 core 3.87% Bosu and 

Sultana [7]

android

2019 Gerrit, genderComputer 151 core 3.97% Bosu and 

Sultana [7]

Chromium 

oS

2019 Gerrit, genderComputer 24 core 4.17% Bosu and 

Sultana [7]

Couchbase

2019 Gerrit, genderComputer 90 core 7.77% Bosu and 

Sultana [7]

Go

2019 Gerrit, genderComputer 68 core 1.47% Bosu and 

Sultana [7]

libreoffice

2019 Gerrit, genderComputer 60 core 10% Bosu and 

Sultana [7]

omapZoom

2019 Gerrit, genderComputer 34 core 2.94% Bosu and 

Sultana [7]

oVirt

2019 Gerrit, genderComputer 159 core 3.12% Bosu and 

Sultana [7]

Qt

2019 Gerrit, genderComputer 73 core 4.1% Bosu and 

Sultana [7]

tYpo3

2019 Gerrit, genderComputer 19 core 0% Bosu and 

Sultana [7]

whamcloud

2021 online survey 2,350 14% Carter et al. [10] linux
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Mining software repositories: The second section of Table 14-1 lists the studies 

that rely on data mining to report gender distribution. In these quantitative studies, 

researchers often need to infer gender because not all platforms collect users’ gender 

and not all users disclose their genders online. Thus, automatic gender inference tools 

have become a common practice. Despite the limitations, gender inference based on 

mined user information provides a more representative, larger-scale sample than the 

survey approach. It also eliminates the burden on the survey respondents and the efforts 

taken to collect survey results.

Ecosystems: The last section of Table 14-1 lists studies that report gender ratios in 

specific software ecosystems. The percentages of women range from 0% (Whamcloud) 

to 10% (OmapZoom) [7]. However, to the best of our knowledge, there is not a study that 

covers all major ecosystems, and many of the previous studies focus on a selection of 

projects rather than the entire ecosystem.

 Methods
To conduct an ecosystem-level census, we used data from GHTorrent and retrieved the 

list of projects in the 20 largest package managers on libraries.io,6 a service collecting 

data of open source packages. We only selected the 20 biggest package managers out of 

the total 38. Because our automatic gender inference is not perfect and can be used only 

as a population-level approximation, results in smaller ecosystems can fluctuate and 

become unreliable. We used data from GHTorrent [25], which provides trace data from 

GitHub between January 2008 and March 2021. However, we note the limitation that the 

data between June and December 2019 are missing.

 Data Processing Pipeline
Extracting the list of open source infrastructural projects: We consider a GitHub 

project that is registered at libraries.io as an OSS project. Using the January 12, 2020, 

version of the dataset from libraries.io, which consists of entries of open source projects 

registered by the date, we parsed out 1,550,273 unique, valid projects that can be found 

on GHTorrent.

6 https://libraries.io
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Collecting contributions: Due to data traceability, we consider only commits, both 

code and documentation, as contributions. We acknowledge that this simplification 

neglects contributions such as management, avocation, and mentorship [54, 55]. 

However, many of these non-code activities are either untraceable or hard to quantify. 

Therefore, at this moment, we focus on only tractable contributions.

De-aliasing user entries: Because developers sometimes use different accounts 

when authoring commits in a project, we perform identity merging through a set of 

heuristic rules to ensure that we do not over-count users. Our de-aliasing method relies 

on user-level information, for example, emails and names [19, 61].7 For example, if two 

accounts use the same email and similar names, that is, some or all parts are the same 

but in different orders, or the same name with similar emails, that is, their emails contain 

part of their names, their commits could most possibly be credited to one author.

Removing bots: To reduce the impact of bot contribution, we manually evaluate the 

activity of all users who made at least 1,000 commits in each ecosystem [16]. We found 

511 unique bot accounts, which made 5,828,940 commits in total.

Aggregation granularity: To study how women’s participation changes over time, 

we aggregate data into three-month windows, which ensures sufficient interactions 

among contributors since activities on GitHub are more sparse than those in companies. 

For windows that have less than 30 contributors whose genders can be inferred, we 

consider those windows as no activity, as the percentage of women might surge and 

become an outlier in the data.

Identifying core contributors: Adapting from the validated count-based methods 

by Joblin et al. [28] and Bosu et al. [7], we identified core contributors in the following 

way. For each ecosystem, within each three-month window, we first identified projects 

whose number of commits ranked top 10% in the ecosystem. Then, within each of the 

top projects, we identified each project’s core developers as those who made more than 

10% of the commits within that three-month window. In summary, in our analysis, 

a core contributor makes more than 10% of the commits in a project whose number 

of commits ranks top 10% in that ecosystem. We are specifically interested in core 

developers because cores typically take more responsibility for public project code 

contribution.

7 https://github.com/bvasiles/ght_unmasking_aliases
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 Gender Inference
Of the 45,838,860 GitHub users in GHTorrent, 53.65% do not provide a name, and 3.84% 

are organizational accounts. We label these users’ gender as Unknown. We also label 

users whose names have more than four parts (71,367 (0.16%)) as Unknown since a 

manual checking showed that most of them are names of organizations. We preprocess 

the remaining users’ names by removing punctuations, common titles or prefixes, 

emails, and URLs.

Then, we infer the gender of each user with Namsor [9], one of the name-based 

gender inference tools with the highest accuracy [50, 51]. The tool makes inferences 

based on the first name and the cultural origin of the last name.

Namsor also provides a confidence level that a user’s gender is correctly identified. 

We denote users whose gender inference confidence is lower than 0.7 as Unknown 

gender. Removing inferences with low confidence can increase the overall accuracy 

of our gender classification, yet setting a high confidence threshold cuts down our 

data size. Thus, we choose 0.7 as the threshold to retain 83.81% of the gender data. Of 

1,823,414 users who have contributed to OSS projects, 911,990 (50.02%) are labeled as 

men and 54,859 (3.01%) as women. To reduce the effect of Unknown gender on our 

result, we calculate women fraction by

 

Number of WomenContributors
Number of Women MenContributors+  

 Results
 Gender Distributions in OSS and Different Ecosystems
Figure 14-1 shows the overall gender distribution in OSS libraries and its evolution over 

time. Overall, the percentage of women has been constantly low – no higher than 5.0%. 

Moreover, the percentage of women among all contributors in OSS projects is lower than 

that among core contributors.
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For the gender distributions in the top 20 most popular OSS ecosystems and their 

evolution, we observed different patterns in different ecosystems. Due to the space limit, 

we display only plots from four more representative ecosystems in Figure 14-2: npm, 

CRAN, PlatformIO, and CPAN.

Figure 14-1. Gender representation in OSS contribution overall. The gray bar 
covers the period where GHTorrent has missing data.

For more figures, please visit our GitHub page.8

Figure 14-2a shows the trend of women percentage in the npm ecosystem. The 

pattern of npm’s women percentage change is representative of many ecosystems, such 

as PyPI, Bower, and Go. Although the overall women percentage has been low all the 

time (lower than 6%), there is a steady increase overtime.

While most ecosystems exhibit increasing women percentage, the numbers 

are all lower than 10%, with the exception of CRAN, which reached 10.02% in 2021 

(Figure 14-2b). CRAN is the package manager for the R programming language, which is 

widely used among academic researchers. The higher women percentage in CRAN may 

be due to the fact that the population of R users is more diverse because they come from 

various disciplines other than computer science [6].

8 https://github.com/CMUSTRUDEL/OSS-gender-census-SEIS2023
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Moreover, as shown in Figure 14-2c and 14-2d, PlatformIO and CPAN display a 

puzzling periodicity and minimum growth over the years. This pattern can be due to the 

fact that PlatformIO is a smaller ecosystem in our dataset. As a result, a small change in 

team composition can result in a large fluctuation. This also explains why we chose to 

only present results for the 20 larger ecosystems: the smaller the ecosystem is, the more 

likely it would be influenced by small changes.

(a) npm (JavaScript) (b) CRAN (R)

(c) PlatformIO (C) (d) CPAN (Perl)

Figure 14-2. Women distributions overall and in selected ecosystems. Gray bars 
cover the period with missing data on GHTorrent.

For most ecosystems, the percentage of women exhibited an uphill pattern and 

reached its peak between 2018 and 2021. However, some languages commonly used for 

system programming – Perl, Rust, and C++ – reached their maximum percentage before 

2014. Table 14-2 shows the percentages of women at the end of our data (January–March 

2021) and the window during which the maximum percentage of women contributors 

occurred.
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 Gender Distributions Among Core Contributors
Starting with women percentage of 2.13% among core contributors and 2.25% among 

all contributors, the number has been steadily growing between 2008 and 2021. We 

observed that, while the women percentage among all contributors was higher than 

among cores in 2008, the difference between them was less than 0.01% in 2014. Between 

2014 and 2021, we found that the women percentage among cores has surpassed that 

among all, leaving a slight but approximately stable margin of 0.3%.

Lastly, comparing the percentage of women among core contributors and among all 

contributors in 2021 in Table 14-2, we noticed that, in most ecosystems the percentage 

among core contributors is higher than that among all contributors, with few exceptions 

such as Meteor, Pub, Cargo, and Hex, which have very small number of women 

contributors overall.

Table 14-2. Women’s participation by package managers (sorted by the number 

of projects)

Ecosystem Programming 
Language

# of 
Projects

% Women 
(2021)

Max % of 
Women

Window of 
the Max Pct

% Core 
Women 
(2021)

Max % 
Core 
Women

npm JavaScript 568,116 5.36% 5.39% apr–Jun 

2019

5.83% 5.83%

packagist php 250,687 3.23% 3.58% apr–Jun 

2018

3.42% 3.89%

Go Go 236,902 4.33% 4.59% oct–Dec 

2019

4.49% 4.84%

pypi python 116,819 5.33% 5.61% Jan–Mar 

2019

5.78% 6.03%

rubyGems ruby 94,561 5.7% 5.77% Jul–Sep 

2020

6.17% 6.24%

Bower CSS 57,885 5.48% 5.48% Jan–Mar 

2021

5.76% 5.76%

Cocoapods objective-C 52,109 4.5% 4.85% oct–Dec 

2018

4.66% 4.94%

(continued)
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Table 14-2. (continued)

Ecosystem Programming 
Language

# of 
Projects

% Women 
(2021)

Max % of 
Women

Window of 
the Max Pct

% Core 
Women 
(2021)

Max % 
Core 
Women

nuGet C# 44,283 4.01% 4.01% Jan–Mar 

2021

4.63% 4.63%

Maven Java 29,187 5.3% 5.36% apr–Jun 

2019

5.84% 5.84%

Cargo rust 18,466 3.87% 4.52% apr–Jun 

2014

3.65% 4.66%

Clojars Clojure 12,551 4.79% 4.95% Jul–Sep 

2020

5.33% 5.33%

atom CSS 10,685 4.51% 5.82% Jul–Sep 

2019

5.75% 6.8%

Cpan perl 10,365 1.37% 6.15% Jan–Mar 

2008

2.04% 5.26%

hex elixir 7,821 3.81% 3.81% Jan–Mar 

2021

3.64% 3.82%

Meteor JavaScript 7,795 6.93% 6.93% Jan–Mar 

2021

6.25% 6.25%

hackage haskell 7,570 3.4% 4.05% Jan–Mar 

2019

3.80% 4.09%

pub Dart 6,355 3.88% 6.25% oct–Dec 

2012

3.74% 7.69%

Cran r 5,322 10.02% 10.02% Jan–Mar 

2021

10.51% 10.51%

puppet puppet 3,943 1.49% 3.87% oct–Dec 

2017

1.59% 4.15%

platformio C++ 3,637 1.74% 4.55% apr–Jun 

2012

2.63% 4.28%

others - 23,021
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 Main Takeaways
The gender diversity is improving. We observed a slow but steadily increasing trend 

of women’s participation in open source infrastructural projects. Our observation 

agrees with prior findings [41, 48]. The increasing trend is also observed in most of the 

ecosystems. While the reasons behind this change over time are beyond the scope of our 

study, we speculate that some of the past efforts to encourage and support marginalized 

groups in OSS have taken effect.

Gender distributions vary across ecosystems. Specifically, many ecosystems 

related to web development, especially front end, for example, Meteor and RubyGems, 

have higher women percentages. In comparison, several ecosystems related to system 

programming, for example, CPAN and PlatformIO, have lower gender diversity. 

Our finding agrees with Vasarhelyi et al.’s finding [56] that contributors in front-end 

programming languages are more likely to be women.

There are more core women contributors among big open source projects. When 

computing women’s percentage among core contributors, we focused on only the biggest 

projects, whose commits are ranked top 10% in that ecosystem. We found that, among the 

biggest projects, whose commits are ranked the top 10% in that ecosystem, the percentage 

of women among core contributors is higher than that of among all contributors.

 Open Research Questions
Reasons behind the increase: While our analysis and several recent studies [41, 

48] reported a similar trend of increasing percentage of women among open source 

contributors, we do not yet understand how this has happened. Is it by chance or 

because some prior diversity efforts have been effective? Are hackathons [39], coding 

camps [43], or conferences effective in attracting and retaining women contributors? 

Future research can analyze the reasons behind the increased women’s percentage and 

reflect on the outcome of prior efforts to improve diversity. Such studies can inform the 

design and deployment of future diversity and inclusion activities.

Ecosystem difference: Our study provides another piece of evidence that the 

differences in gender representation could be due to the functions of the programming 

languages. However, more in-depth and targeted studies are needed to test the 

speculation or provide a reasonable explanation. Is the disparity due to the nature of the 

programming languages or some community practices?
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A fine-grained examination on women’s representation across open source: 

Although our analysis found differences in gender representation across ecosystems 

and the level of contributions, there are more ways to slide the data and pinpoint the 

places with skewer gender distribution. For example, we examined the percentage of 

women core contributors among big projects and found that the percentage is higher 

than among all contributors. This is different from a prior result where the percentage 

of women among core contributors is much lower than that among all contributors [8]. 

Future studies can further investigate the relationship between gender distributions 

and project sizes. Our study also did not investigate the non-code contributions. Future 

researchers can consider adding contributors who only contributed to issue discussions. 

There are also non-code contributions that are not visible on social coding platforms. 

Quantifying the gender distribution among these hidden contributors is an open 

research question.
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CHAPTER 15

Beyond Classroom: 
Making a Difference 
in Diversity in Tech

Barbora Buhnova*, Masaryk University, Czechia.

With all the opportunities and risks that technology holds in connection to our safe and 

sustainable future, it is becoming increasingly important to involve a larger portion 

of our society in becoming active co-creators of our digitalized future – moving from 

the passenger seat to the driver seat. Yet, despite extensive efforts around the world, 

little progress has been made in growing the representation of certain communities 

and groups in software engineering. This chapter shares one successful project, called 

Czechitas, triggering a major social change in Czechia, involving 1000+ volunteers to 

support 50,000+ women on their way toward software engineering education and career.

 Introduction
The past decade has witnessed the emergence of hundreds of initiatives around the 

world supporting various underrepresented groups on their pathway toward software 

engineering, whether connected to universities [13] or companies [15] or run as 

independent nonprofit organizations [14]. Although the initiatives often start with a 

great vision and high volunteering commitment, after a few years into the activities, it 

becomes challenging to sustain the volunteering energy and commitment in the face of 

the very slow progress toward the better. In those moments, the success cases by others 

can be what helps us keep going.

https://doi.org/10.1007/978-1-4842-9651-6_15


258

The initiative featured in this chapter, called Czechitas [6], started in 2014 in Czechia, 

with a simple idea to bring tech closer to girls and girls closer to tech, in reaction to 

the strong underrepresentation of women in tech in the country (see Figure 15-1). The 

prompt snowball effect helped us build a community around the joint vision to empower 

and encourage girls and women to engage in computing education and career transition 

and to show them that software engineering is an interesting career direction that is not 

necessarily difficult nor limited to one gender. Initially established to provide women in 

Czechia with an opportunity to put their hands on programming, it now contributes to a 

major social change in the country.

Over time, Czechitas has become a movement that has attracted a strong community 

of tech professional volunteers (over 1,000) and companies (over 100) and given rise to 

a portfolio of women-tailored courses in various areas of software engineering, such as 

programming, web development, mobile app development, data science, cybersecurity, 

or testing (over 1,500 courses delivered so far). We have influenced over 50,000 women 

(over 30,000 via live events and over 20,000 via online tutorials) who graduated from 

our courses to use their new tech skills to change their education path or advance their 

careers.

Figure 15-1. Women ICT professional (Eurostat, 2019 data) [8]

Czechitas Mission We inspire, train, and guide new talents toward stronger 
diversity and competitiveness in tech.
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Thanks to the success of our education activities with hundreds of events a year 

(each receiving more registrations than its capacity), we have become recognized as 

the leading platform in Czechia actively addressing gender diversity in tech. In this 

chapter, we share the lessons we learned about the low representation of women in tech 

and effective strategies in supporting women on their way to software engineering and 

discuss the ingredients that helped us succeed, the obstacles and challenges we faced, 

and the progress yet to be made.

 Why Are There So Few Women in Tech?
Across Europe, only 19.1% of tech professionals are women (according to 2021 data) 

[8], with Czechia being the last on the list. The major reasons behind the trend in 

our region according to our recent study (with 70% of participants from Czechia and 

Germany) [9] are

 1. Access: The first hole in the leaky pipeline on girls’ pathway 

toward software engineering is linked to the missing access to 

encouragement and support, together with the missing access to 

suitable education that would be able to build on the interests of 

girls that often span across multiple disciplines.

 2. Stereotypes: The ability to see herself as a software engineer is then 

challenged by the perception of the software engineering as a field 

not leading to a purpose the girl would like to dedicate her future 

to. Often, the close family and friends step in, in this moment to 

direct girls away from software engineering with the intention 

to protect them from a future where they cannot really imagine 

the girls becoming successful. Interestingly, the intentions are 

meant well, to protect the girls, which shows how crucial it is to 

help parents (and mainly mothers) to understand that software 

engineering can be a great career choice for their daughters.
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 3. Confidence: The next hole in the leaky pipeline comes when 

girls find themselves in the classroom, often surrounded by more 

experienced learners (typically boys). For the little girls who often 

excel in other subjects, it can be hard to fall in the category of a 

slow novice learner. The girls often mention frustrations of low 

self-efficacy, inadequacy, and missing experience of success in 

the presence of a classroom dynamic being monopolized by the 

earlier technology adopters.

 4. Sense of belonging: The girls who resist through the earlier three 

challenges and find themselves on the education pathway toward 

software engineering find themselves in classrooms surrounded 

predominantly by boys. While this is a comfortable environment 

for some, many in the study reported not feeling comfortable to 

express themselves, facing sexism or unwanted attention, and 

missing relatable role models and mentors, which led them to 

reconsider whether this was the environment they would be 

willing to spend the rest of their lives in.

 5. Feeling valued: The last hole in the leaky pipeline challenges 

the women who entered software engineering careers, as 

some of them emphasize the struggle of not feeling valued at 

the workplace. The reasons are different for the women with 

stereotypical talent spectrum (that matches the talent spectrum 

typical among their men colleagues, typically being very 

technical) and non-stereotypical talent spectrum (bringing not-

that-common talents to the table, typically more multidisciplinary 

and human-oriented). While the first group feels tired of proving 

them wrong, the second group feels frustrated from their strengths 

viewed as second class and from missing appreciation.

 Supporting Women on Their Way to Tech
In Czechitas, we understand that plumbing the leaky pipeline can hardly be done by isolated 

and uncoordinated efforts. This section discusses the interlinked pillars of our activities (see 

Figure 15-2), listing examples of the activities and events we delivered in 2022.
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 Czechitas Pillar I: Awareness
One of the crucial success factors for a change toward improving gender balance in 

software engineering is the actual understanding that we are in a disbalanced state 

that further reinforces itself due to the factors discussed earlier. The efforts toward 

encouraging women to join software engineering cannot make a difference unless the 

society, education system, and corporate environment welcome and support the change 

(understanding it as a push toward the real equilibrium, not a push out of it).

In Czechitas, we are investing substantial effort in awareness around the topic. 

In 2022 alone, we participated in over 20 conferences and panel discussions; gave 

numerous interviews in TV, radio, and other media; and organized talks to students and 

teachers at high schools and to tech professionals in our partner companies. We were 

visible with a booth at 15 festivals and family days across Czechia. Over 2022, Czechitas 

was mentioned in 508 articles, reaching a major part of the Czech population. In 2021, 

we also launched a Czechitas podcast, which in 2022 reached over 14,676 listeners. 

Furthermore, our website was in 2022 visited by 123,785 unique visitors, and our 

newsletter was followed by 25,983 subscribers.

The next step in raising awareness among the general public is to make it as easy as 

possible to get the first exposure to coding in a fun, enjoyable, and community way. To 

this end, we, for instance, organize an Advent Christmas Coding campaign (following 

the tradition of an advent calendar, in which instead of a sweet treat, each day holds 

a coding assignment along a story of bringing Mr. Gingerbread home for Christmas), 

which is being followed by hundreds of people. Furthermore, in collaboration with 

the Ministry of Education, Youth and Sport, we, for example, co-organized the 

#DigiEduHack hackathon. And in collaboration with Czech universities, we run the 

Czechitas Thesis Award to give visibility to exceptional bachelor theses authored by girls. 

All these activities typically repeat every year.
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Figure 15-2. The pillars of Czechitas activities

 Czechitas Pillar II: Training
Since the start of our activities in 2014, we have been improving the education design of 

our courses to reflect the needs of our audience – women and girls who are very often 

later technology adopters or career changers – with an emphasis on providing suitable 

first contact with software engineering, creating a safe and supportive environment 

for novice learners, accommodating differences in the learning speed of each student, 

building self-confidence, and supporting sustaining long-term interest, which we also 

publish [2, 10]. In 2022, we delivered 242 live software engineering courses with 8,082 

participants (see Figure 15-3 for participation since 2015), with the courses around web 

development and data science scoring as the most popular ones.

Although most of the training is targeted to women and girls, we are also investing in 

training elementary-school and high-school teachers (irrespective of gender). And some 

mixed-gender activities were organized also for children (seven week-long summer 

camps in the summer of 2022, besides others) and high-school kids, although in case 

of high schools, it is already important to offer also girl-only courses (three week-long 

summer schools for high-school girls were given in 2022). Besides, training courses for 

mixed audience are also provided on events such as family days (we were present at over 

20 such events in 2022).
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Figure 15-3. Czechitas participation

 Czechitas Pillar III: Career Transition
As many women in our community intend to enter software engineering as their future 

profession, some of our activities are intentionally designed to facilitate this journey, 

whether software engineering is to become their first job or they intend to change their 

career [3].

In cooperation with our partner companies, we have identified three career 

pathways that appear to be the most suitable entry points to software engineering 

in Czechia. These are (1) web development (including courses on JavaScript, React, 

HTML/CSS, Bootstrap, Git, UX design, etc.), (2) data analytics (including courses on 

Python, databases, SQL, statistics, Power BI, etc.), and (3) testing (including courses on 

requirements engineering, Agile processes, manual testing, issue tracking, regression 

testing, smoke testing, basics of automated testing, browsers, API, databases, version 

control, etc.).

For the three directions, we have developed a complex career transition support 

within so-called Digital Academies. A Digital Academy is a four-month program for a 

group of 30 women (and involving around 5–15 partner companies), which, besides 

individual courses covering the topics outlined previously and taking place three to four 

times a week (evenings on working days, full days on weekends), includes also pairing 

of the students with mentors from the companies to support them in developing their 
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own projects, a hackathon, career support, and further events offered by the partner 

companies. In 2022, we have run ten Digital Academies across four major cities in 

Czechia, with over 60% of the graduates receiving a job offer within three months from 

graduating from the academy.

To facilitate the career transition also for the women who opt to customize their 

training journey (not attending a Digital Academy), our career consultants provide 

hundreds of career consultations each year (327 in 2022), and we twice a year organize 

a Czechitas Job Fair, where our graduates can meet the representatives of our partner 

companies (each job fair attended by about 350 graduates and 30 companies).

 Czechitas Foundation: Community
The foundation that supports all our activities is the community, which involves the 

participants and graduates of our courses, tech professionals who teach with us, 

mentors, course facilitators, and our partner companies. The fact that many members 

in our community are men helps us not only engage more tech professional allies in our 

vision but also influence a more supportive environment in tech companies where our 

graduates land. To support the blending of the community and increasing the sense of 

belonging of our graduates also in the mixed-gender environment, we regularly engage 

in organization of tech meet-ups and hackathons, as well as informal CzechiPubs that 

regularly take place in ten different cities across Czechia.

 Making a Difference
The positive influence of Czechitas activities in Czechia is already visible in the shifted 

perception of software engineering as an education pathway and career choice to be 

considered by any gender. That not only motivates many girls to consider software 

engineering in their choice of a university study field (with the representation of women 

among ICT students changing from 12% in 2016 to 17% in 2021 in Czechia [5, 7], moving 

the country closer to the European average; see Figure 15-4) but is likely also having 

secondary influence on all who so far hesitated to join software engineering.
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 What Helped Us Succeed
Building Czechitas was only possible thanks to a coordinated effort of hundreds of 

people (90 employees and over 1,000 volunteers). Over the past eight years of our 

existence, we came to understand the ingredients without which this would not be 

possible:

• Great leadership and love for what we do is giving us the sense of 

purpose, energy, and direction, holding us together and keeping us 

focused. Mentors from partner companies and beyond have been 

of great help to guide us through the design of our leadership and 

expansion strategy.

• Visual and playful communication is giving us the fresh flavor of 

fun and joy that we all (students as well as trainers and volunteers) 

enjoy joining even after a tiring day at school or work. The informal 

and visually attractive communication helps us share the love for 

our brand.

• Community and sense of belonging is crucial for connecting those 

who strive to learn with those who strive to share and teach and 

those who want to support the connection. It helps our student feel 

home and make it easier for them to keep going even when learning 

gets hard.

Figure 15-4. Women ICT students (Czech Statistical Office, 2021 data) [5]
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• Inclusive environment and encouragement makes it safe for 

our students to make mistakes and experience success, have 

the opportunity to exchange knowledge, collaborate, and get 

personalized feedback and guidance. Specific strategies and 

interventions we have developed to support novice learners and their 

self-efficacy have been key in this direction [2].

• Knowledge and understanding is crucial for us to design our 

activities with insight into the frustrations steering women away from 

software engineering [9] and effective strategies to support girls and 

women in tech education [10] and career transition [3]. We invest 

our time in sharing the lessons we have learned [2, 3, 9] and learning 

from other initiatives from across the world (e.g., within the EUGAIN 

network; see https://eugain.eu/).

• Creating and sharing stories helps us inspire our students, bring 

them closer to relatable role models, and give them hope and 

confidence that with some work and dedication, a transition into 

software engineering is possible. The stories (each featuring an 

inspiring woman who changed her career toward tech) are published 

in our blog, communicated via social networks, and used in media 

articles. These women inspire others as speakers and panelists in our 

events and as guests in the Czechitas podcast.

• Sustainable financial model helps us sustain a team employed to 

run the organization. The model stands on financial participation 

of the students, partner companies, foundations, and individual 

donors, with an intention to reach out also to the government level 

in the future. The most crucial pillar of our financial sustainability 

is the partner companies, which are beside their yearly partnership 

contributions (depending on the level of partnership) helping 

us cover certain costs (e.g., offering their office spaces for events, 

motivating their employees to volunteer as mentors) and opening 

doors toward further funding opportunities (e.g., with global 

foundations connected to their company).
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 Obstacles and Challenges We Faced
As any organization that has substantially outgrown its own plans and expectations, 

Czechitas has undergone numerous changes and readjustments over its course of 

existence. And although we are trying to publish the effective setup that works for us now 

[2, 3, 4], our first steps were highly organic and experimental, which was key to learning 

what worked for the context we were in. With our enthusiasm and “always yes” spirit, we 

walked many paths that we failed and rolled back, but we also faced numerous obstacles 

and challenges that we withstood:

• Scaling the organization: Turning a nonprofit start-up into a scale- 

up is a challenge on its own, as the means for achieving stability are 

different from traditional companies – besides the discussed financial 

stability, also in terms of sustained volunteering involvement 

and brand building. We needed to learn to manage the mix of the 

innovative and largely self-sacrificing founding community with the 

necessary systematic and organized spirit of new employees. We 

needed to learn to prioritize and say no to some activities that the 

team felt strongly for.

• Being misunderstood: As a large organization, we needed to learn 

to communicate our mission well so that it is not misunderstood, 

knowing that anything that damages the brand may sink the whole 

boat. Namely, we needed to help our partner companies understand 

what level of expertise is realistic to achieve in our students, help our 

students understand what time investment and commitment it takes 

to change direction toward tech, and help our society understand 

why our focus on women is key to the success of our society as 

a whole.
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• Quantifying the impact of our activities: One of the important 

challenges that we are still facing is our ability to quantify the impact 

of our individual interventions and activities, as it is difficult to isolate 

the effects of each one of them – more so that the impact is often 

very subtle and propagates over long periods of time (e.g., a woman 

making a few steps toward tech education inspiring her friend to 

make a major shift toward tech, who then inspires her daughter to 

study CS at university). So although we have a Data & Impact team at 

Czechitas, with substantial data available, the numbers we have (e.g., 

the number of women who change their career to tech each year) are 

still only the tip of the iceberg of the real impact we strive for, which 

is the shift in the collective mindset of the entire society, leading to a 

sustained change.

 Progress Yet to Be Made
With the increasing number of Czechitas graduates who are joining the software 

engineering industry, often as very junior (in terms of their software engineering 

expertise) and diverse (in terms of their talents and competencies) members, we find 

it crucial to assist the companies to improve the inclusiveness of their environment to 

integrate and leverage the new diverse talent. In 2020, we made the first step toward 

that goal via designing a Diversity Awareness Training, which was since then delivered 

to over 300 managers (mostly from Central and Eastern Europe) across some of our 

partner companies. The concepts that have shown to be the most crucial to discuss and 

understand during these trainings are outlined in the following:

• Diversity does not come easy, but it pays off. Avoiding diversity is 

natural to human individuals, but dangerous to humankind.1 The 

same is true for corporate environment. We need to acknowledge 

that diverse teams might have a harder time at the start (as illustrated 

with the Tuckman’s Model of Team Dynamics in Figure 15-5), but in 

the long term, diversity is firmly correlated with higher performance 

[11, 12].

1 Our quote inspired by the statement “Diversity is the new Darwinism” by the Great British 
Diversity Experiment [1].
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Figure 15-5. Tuckman’s Model of Team Dynamics with an illustration of different 
dynamics observed in homogeneous and heterogeneous teams

• We too often lose talented people by missing the talent in them. 
We are all talented, in many diverse ways. It is the task of the manager 

to recognize and direct the talent toward team success. The fact that 

a person uses a different talent spectrum (approaches problems and 

situations differently) does not make them more/less suitable for 

software engineering as such. There is no such thing as a second- 

class citizen when it comes to the talents we need in software 

engineering.

• Biases evolve to help us navigate complexity, but they are not 
serving us well when making assumptions about the potential 
in people. The dark side of biases is that we tend to judge people’s 

potential based on how their talent spectrum matches the talent of 

already-successful ones, without realizing that the successful ones 

embody the skills and conditions that worked when they joined the 

field (in the past) while we are now choosing the software engineers 

for the future.

Chapter 15  Beyond Classroom: making a differenCe in diversity in teCh



270

• Connection is built through communication. There are many 

unhealthy communication patterns around diversity, which often 

go against the purpose of making us all feel the sense of belonging. 

It is important to create safe space, in which we can learn to 

communicate our differences but also ask about the differences 

of others. Mistakes are part of that learning, and forgiveness of 

the mistakes shall be encouraged if the mistakes were done in the 

process of learning and not repeated blindly. It is important to 

create a safe space to acknowledge our biases and stop shaming one 

another for them.

• Avoid the quick fixes; remove the barriers instead. Encourage 

curiosity about why certain communities are underrepresented in 

software engineering. What are the barriers they face, and what can 

we do to remove them or make their journey lighter in the presence 

of the barriers (e.g., the care-taking on the side of most women)? 

Avoiding the conversation and looking away from the differences 

in our experiences might lead the community to assume that the 

underrepresentation is the lower-fit problem, which is dangerous 

because it leads to pushback on any diversity support one might try 

to introduce.

• Change takes time. Promoting I&D is more complex than it might 

seem at first. It is crucial to know how to start to see the first positive 

effects soon and be able to use them to get more people on board 

toward promoting I&D further. Choose your first steps well and invest 

in them. The investment will pay off.

 Summary
Making a difference in improving gender balance in software engineering on the scale of 

the whole country is not easy, but is possible. And it is very rewarding to be part of such a 

movement. In 2021, the social impact of Czechitas activities was recognized at the European 

Union level via winning the EU Social Economy Award (over 180 organizations nominated) 

in the Digitalisation and Skills category and in 2022 winning the global Equals in Tech Award 

(155 organizations nominated) in the Skills category. We hope our example can inspire 

others, which is also why we are eager to share the lessons learned from our journey.
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Game jams and hackathons are time-bounded collaborative events where participants 

are challenged to gather in teams, ideate a project, and develop a game or another kind 

of software, respectively [24, 27, 33]. While game jams focus on creating games under a 

particular theme, hackathons involve developing other types of software applications 

(e.g., web, mobile) to tackle a problem. Students, professionals, and enthusiasts have 

different motivations for participating in such events (e.g., learning, networking, and 

having fun). Regardless of specific motivations, these venues work as an informal 

setting for learning where participants can gain experience while acquiring technical 

(e.g., programming, design) and nontechnical skills (e.g., teamwork, presentation 

skills). These collaboration spaces also offer rich networking opportunities and boost 
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participants’ employability, regardless of being beginners or professionals. Although 

so many advantages sound attractive to participants, these events typically have an 

overwhelming majority of men participating. Despite a few isolated initiatives to 

create more gender-inclusive game jams and hackathons [25, 31, 36, 38], the culture 

and ethos created around these events are not perceived as welcoming to historically 

underrepresented groups in the software development field, such as women and 

LGBTQIA+ people.

These efforts are majorly focused on broadening the participation of women in the 

field [37] and approach gender from a traditional binary and cisnormative woman/man 

perspective that ends up unintentionally discouraging or excluding transgender (binary 

and non-binary) and gender non-conforming (TGNC) people [28]. Transgender and 

gender non-conforming people tend to be invisible in initiatives around gender diversity 

in computer science and related courses. An important standpoint to embrace gender 

diversity in society as a whole is to accept that gender goes beyond a binary woman/man 

perspective [5].

LGBTQIA+ students on CS-related courses already have a higher probability of 

dropping out of universities due to their low sense of belonging [44]. When looking into 

more specific problems of higher education trans-students, many of them consider 

harassment and violence as other reasons to drop out [16]. The reality in Latin America 

is of violence against transgenders, with a high murder rate toward them, transphobia, 

hate and many forms of extreme violence, and micro-aggressions [39]. Since the 

transgender community has higher unemployment and poverty rates compared with the 

cisgender population [51], education can be an important tool to attain a job and allow 

social mobility. By acquiring technical skills in information technology and software 

engineering, low-income trans-people can be empowered [26]. This population is often 

overlooked in studies in software engineering.

Under lenses that consider women and LGBTQIA+, with highlights on TGNC people, 

this chapter consolidates findings from different research initiatives [29, 30, 35] we 

performed on gender diversity in game jams and hackathons. We combined quantitative 

and qualitative research methods to analyze a total of 330 responses from surveys and 

28 interviews with women and LGBTQIA+ people. We identified some of the main 

motivators and demotivators for people from these historically underrepresented groups 

to participate in these events. We also report contrasting perspectives that cis-men have 

in comparison with the ones from women and TGNC people about gender issues in 

these events and highlight the typical sexist behavior of men participating in hackathons 

and game jams that definitely shall not take place. Finally, we propose recommendations 
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for a more welcoming space and truly gender-inclusive game jams and hackathons. Our 

experience suggests that these events, if well planned and executed, may become drivers 

to change attitudes and stereotypes regarding gender in computing.

 Background
 Gender Beyond the Woman-Man Binary
Gender should not be limited to a binary woman/man perspective. We acknowledge that 

there are many gender identities and gender expressions that can be very particular to 

social and cultural contexts (e.g., muxe in Mexico, travesti in Brazil) [7], and it would be 

out of scope, as well as challenging, trying to explore that in detail here. For clarification 

purposes, in this section, we highlight concepts that will be helpful in the context of this 

chapter.

Transgender (or simply trans) refers to “people who move away from the gender they 

were assigned at birth, people who cross over (trans-) the boundaries constructed by 

their culture to define and contain that gender” [10]. Gender identity refers to how one 

perceives oneself, and it is not associated with sexual attraction. Cisgender (or simply 

cis) is when the gender identity aligns with their birth-assigned gender [21]. Note that 

straight is not the opposite of trans; a transgender person can be heterosexual too. When 

someone defines our society as cisnormative, it indicates that our common sense is to 

accept only cisgender behavior and marginalize people that do not follow it [3].

A transgender person can be also binary or non-binary. Non-binary trans-people are 

“individuals whose identity is not exclusively man or woman. While some non-binary 

individuals identify as both men and women, others have identities that are on the 

spectrum between man and woman, a different gender entirely, or do not identify with 

any gender” [46]. Non-binary can be used as identity but is more an umbrella term that 

serves to group identities like genderfluid (i.e., the identity of the person flows between 

other identities) and agender (i.e., the absence of gender).

Gender non-conformity is when your gender expression (i.e., the way of dressing, 

mannerisms, pronouns, and other characteristics) does not conform to stereotypical 

gender expectations for your assigned gender [21]. For example, a masculine cisgender 

woman can define herself as a gender non-conforming person, because she has gender 

expression associated with the masculine gender, but stills identify herself as a woman.
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 Gender Diversity in the Information Technology Industry
It is important to recognize that the lack of gender inclusion is present in the broader 

area of technology, which is one of the sectors that most need diversity in their workforce 

[18, 20]. The inclusion of women can be beneficial in the market, given that more 

diverse teams tend to have better results in the same tasks than nondiverse teams – 

for using collective intelligence [52]. Also, radical company innovations tend to come 

from more diverse groups, but it is necessary to manage these groups and respect 

the different present backgrounds [6]. The sense of non-belonging of the LGBTQIA+, 

which is underrepresented in the technology sector, is also an early barrier that not 

only contributes to the fear to enter this field of work but also makes the people 

uncomfortable and more willing to give up their graduation and careers in computing- 

related courses [44]. LGBTQIA+ people still suffer direct impediments to entering the 

tech industry because of prejudice and discrimination. Large enterprises are talking 

about the importance of inclusion, especially because the culture within the companies 

cannot be changed without working with employees and their perceptions about the 

LGBTQIA+ community [20].

If we narrow down the perspective to the gaming industry, according to the 2019 

International Game Developers Association (IGDA) developer satisfaction survey [49], 

which collected 1,116 answers, respondents were predominately identified as male 

(71%), and 24% identified as female, 3% identified as non-binary, and 2% preferred to 

self-describe other denominations. Women are still one-fourth of the workforce. In a 

separate question, 4% of respondents identified as transgender.

In regard to sexual orientation, 79% of respondents identified as heterosexual, 4% 

as homosexual, and 12% as bisexual, and 5% selected the option Other. Although these 

numbers show that the LGBTQIA+ community is a non-negligible percentage, this group 

still faces discrimination and prejudice among the majority of cisgender heterosexual 

men in the gaming industry. For instance, there has been a recent wave of online 

harassment aimed at female and LGBTQIA+ game designers [23]. Also, the gaming 

industry has had a persistent history of homophobia, and many LGBTQIA+ employees 

feel uncomfortable with their jobs because they have to deal directly with homophobic 

colleagues [41]. As another example, LGBTQIA+ employees who are part of the indie 

game industry continue to suffer from precarious conditions as they do not have the 

same support that straight cisgender people have [40].
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 Low Gender Diversity in Game Jams and Hackathons
Hackathons and game jams offer participants the chance to connect with local or 

even global communities, in cases of virtual events [12]. These events enable students 

and professionals to acquire new skills and find new career opportunities. In fact, 

these events are frequently used as a recruitment strategy by the computing industry. 

Although hackathons and game jams have been widely adopted to different contexts and 

flavors, concerns have been raised regarding the lack of gender diversity in these events 

[8]. This issue can be translated into a loss of opportunity to recruit more women and 

generate more diversity and gender equity in the area. The average participant profile on 

these types of events evokes a resemblance with the term brogrammer, a portmanteau of 

“bro” and “programmer” that attempts to represent the knowledge of coding as macho 

hypermasculine stereotypes [42]. These types of male stereotypes, in combination with 

stereotypes imposed on the female gender, discourage involvement and a sense of 

belonging of women in courses related to computer science and STEM in general [4]. In 

a study on college hackathons, the “hacker culture” and “hardcore ethos” are two of the 

main reasons that inhibit women from attending these events [48], while in game jams 

low female attendance is related to a sexist and misogynistic gaming culture [23].

Typical hackathons and game jams have not been successful in significantly 

increasing women’s participation. As an attempt to change that culture, there are some 

efforts to change that scenario. In literature, we found reports about hackathons focusing 

on broader participation to diversify their audience [38] to attract more women and non- 

binary participants [25, 31] (e.g., StitchFest, Hack Grrrl, T9Hacks). Similarly, women- 

only game jams [22] have been organized as a way to foster equal participation of 

women in the game industry. A common issue to address in such events is the so-called 

competence-confidence gap, which occurs mainly in women who have the competence 

to perform a task but do not demonstrate the necessary confidence. This phenomenon 

has been observed in STEM and in collaborative platforms such as GitHub [47]. There 

is a similar problem related to the confidence of women participants in game jams 

who feel less confident than men when participating in these events, as we reported in 

previous work [9].

Recently, companies from different domains have been organizing events in the 

format of hackathons to recruit new talents [33, 45]. Considering the importance of 

hackathons and game jams in the learning process beyond classrooms and for the 

insertion of new professionals in their industries, we are concerned that the lack of 

women participating in these events may hinder the entry of women into the technology 
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industry. Motivated by these factors, we attempted to analyze empirical data to 

understand why women are underrepresented in these events and what are the reasons 

women are not inspired to participate.

 Previous Research on Gender-Related Issues 
in Hackathons and Game Jams
What we present in this chapter is a consolidation of recommendations, based on 

different research articles [29, 30, 35] in which we were dedicated to understanding 

gender-related issues in hackathons and game jams. These studies combined results 

from quantitative and qualitative research methods. In total, they accumulate 330 

responses from surveys and 28 interviews with women and LGBTQIA+ people. 

Methodological details can be found in the original research articles.

In the work of Paganini et al. [30], we identified some of the main motivators and 

demotivators for women to participate in hackathons and game jams, collecting survey 

data from participants of eight events (two game jams and six hackathons) that took 

place in Recife, Brazil. Among those, one event of each type was focused on women. We 

also collected data from women who never participated in hackathons, to understand 

the reasons for that. This research helped gather complementary perspectives of women 

who have participated in hackathons and game jams as well as women who never 

joined such events. Women who never participated said they had low confidence in 

their technical abilities and feared being judged in a predominantly male environment. 

Another aspect they do not enjoy about these events is the typical format of a weekend- 

long event. The women who have experienced these events also complained that a 

predominantly male environment makes them uncomfortable and also generates 

difficulties in team formation when they have their skills underestimated by men. Also, 

they complained of not having a voice in their teams and even reported some cases of 

verbal harassment by men.

In the study performed by Oliveira et al. [29], we investigated the perspective of 

LGBTQIA+ people that participated in the Global Game Jam (GGJ) 2021. The GGJ is 

the world’s largest game creation event taking place around the world, taking place at a 

weekend in January since 2009. It involves tens of thousands of participants (jammers) 

at hundreds of physical and virtual sites in over 100 countries around the world [19]. The 

purpose of this research was to contribute to gender diversity in game jams and propose 

some strategies to deal with challenges that LGBTQIA+ may find in game jams. Our 
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study focused on data collected through a survey and interviews with participants of the 

GGJ’21 (online due to COVID-19) from Brazilian hubs. Among the interviewees, some 

participants witnessed situations of homophobia, transphobia, and sexism in other 

game jams. Participants also highlighted the importance of attending the event with a 

friend if they did not have any experience yet; there was much hesitation in joining the 

event alone.

The third study, from Prado et al. [35], focused on difficulties faced by TGNC 

people when participating in hackathons. We performed a survey and interviews with 

TGNC people who have participated in hackathons. Their motivations to participate 

are the typical ones found in hackathon literature, such as learning, networking, and 

teamwork experience. However, some interviewees reported being a victim of different 

types of discrimination from the other participants and from the organization staff, 

mainly because of their gender expression. Part of them does not want to join such 

events anymore because they are afraid of being victims of LGBTQPhobia again. Survey 

respondents complained about events not having clear policies on codes of conduct 

against LGBTQPhobia and gender discrimination.

 Recommendations for Gender-Inclusive Events
Some of the intersections in the studies we performed strictly focused on women- 

inclusive events and others on events that should be more welcoming to LGBTQIA+ 

people. We merged the recommendations of those studies to generate a set of ten 

recommendations we believe to be more gender-inclusive, but without a binary man- 

woman perspective: (1) Start with a gender-inclusive organizing team. (2) Foster 

inclusive communication. (3) Make safety visible through an explicit code of conduct. (4) 

Provide equipment to participants and showcase people in the event. (5) Promote events 

to attract underrepresented genders. (6) Stimulate groups of friends joining together. (7) 

Introduce elements that underrepresented genders can relate to. (8) Promote learning 

activities to stimulate both technical and soft skills. (9) Focus more on collaboration and 

less on competition. (10) Stimulate healthier habits.

 (1) Start with a gender-inclusive organizing team. In some events 

we organized, we observed that the presence of women in the 

organization can establish a less intimidating environment for 

female participants creating a sense of belonging for them. We 

obtained explicit feedback from women regarding the importance 
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of inviting women to act as mentors and part of the judging panel 

[30]. The inclusion of staff and especially mentors of different 

genders and sexual orientations could help bring a sense of 

belonging [29, 35]. Particularly in the case of TGNC people, their 

participation is still scarce in these events. Trans-people in the 

organization would not only assist in creating additional inclusion 

measures but could also help build a safer space for other TGNC 

participants [35]. As a positive side effect, specifically inviting 

trans-professionals as mentors might positively contribute to their 

professional careers, thus contributing to the inclusion in the 

technology field as a whole.

 (2) Foster inclusive communication. The use of inclusive language 

(before, during, and after the event) is essential to welcome all 

audiences [35]. Using neutral language is important especially in 

languages that have masculine and feminine grammatical genders 

such as French, German, Spanish, and Portuguese. Advertising can 

also be inclusive; by focusing on special calls directed to different 

communities, they can feel included and engaged in registering 

for the event [9]. It is interesting to include promotional campaigns 

explaining the opportunities to learn new competencies and meet 

open-minded people, thus highlighting the typical motivations of 

learning and networking [13, 30]. In the registration form, allow 

participants to fill out their preferred names (avoid requesting 

their registration name) and pronouns. It is important to avoid 

terms that reduce people to their birth-assigned sex (e.g., male and 

female) [21]. Rather than having a pre- fixed set of identities, leave 

open the gender identity field. Provide identification badges in 

which participants can put their names and chosen pronouns. For 

online events, make pronouns visible on the participants’ profiles. 

For organizers, make sure that participants, mentors, and staff 

respect the information that participants provided.

 (3) Make safety visible through an explicit code of conduct. Talking 

more about diversity and providing guidelines on how people can 

deal with differences is key to a participant’s experience in these 

events. So it is fundamental to have a code of conduct explaining 
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such aspects and making it visible to every participant since the 

beginning of the event [29]. A code of conduct must clearly state 

that sexism, LGBTQPhobia, and other discriminatory attitudes 

(not only from participants) are not tolerated [35]. Organizers 

should establish practices that guarantee all participants have 

an equal voice and have the opportunity to play the role they 

feel capable of and prevent discrimination. The staff must also 

verbally reinforce the code of conduct during the event, which 

would remind that everyone (including mentors and staff) needs 

to be respectful of each other. In addition, staff should be effective 

in preventing inappropriate situations and negative attitudes of 

participants [30]. It is important to create a safe way to denounce 

bad behavior, so any code of conduct violation can result in 

expulsion from the event. Such attitudes could ultimately create a 

safe space for everyone.

 (4) Provide equipment to participants and showcase people in 
the event. LGBTQIA+ people face many social issues, including 

homelessness, because many people from that community are 

kicked out or asked to leave the home of their parents, relatives, 

foster, or group homes because of prejudice toward them [43]. 

Transgender and gender-diverse people live in financial strain 

[50], making up a high number of people in many low-wage 

sectors [17]. In addition to financial difficulties, many members 

of that group already drop out of higher education for many 

reasons such as a lack of a sense of belonging, harassment, and 

violence [16, 44]. The fact of not having proper equipment to join 

in a hackathon or game jam may refrain them from participating. 

Although this is almost non-existing practice, organizers could 

offer proper equipment or propose projects that could be done 

without using high-performance technologies, so low-income or 

socially unprivileged people could participate. As technology is a 

tool to empower minoritized groups such as transgender people 

[26], showcasing them in the event or individually awarding them 

for specific tasks (i.e., best pitch, best UI, best back end) can put 

them in the spotlight so sponsors and eventual recruiters in the 
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event can notice these people. The participants’ talents can be 

recognized, and they can be invited to selection processes, which 

would hardly have happened under normal conditions.

 (5) Promote events to attract underrepresented genders. This is 

a general recommendation that has some caveats. Organizing 

hackathons and game jams focused on gender diversity can be 

a good strategy to create a sense of belonging for participants 

of underrepresented genders (e.g., women, TGNC) in these 

events. This makes them lower their barrier to later participate 

in typical mixed- gender events. In our experience with gender-

focused events, women felt more comfortable participating since 

one of the obstacles is that an event predominantly composed 

of men discourages them from joining [30]. This is not only a 

matter of women-focused hackathons and game jams but events 

that welcome LGBTQIA+ too. Arguments on that direction 

were highlighted in one of our studies where one participant 

cited the name “diversity” in a Global Game Jam hub he joined, 

which made him feel in a safe space [29]. However, just putting 

a diversity label in an event is not enough. We identified cases 

of a woman who did not fit in on a women- focused event and a 

transphobia case in another women-focused event. It showed 

us that something more is needed. Such aspects pointed 

out in the studies we have performed suggest that the other 

recommendations have to be put into practice to ensure both (i) a 

sense of belonging and (ii) the creation of a safe space.

 (6) Stimulate groups of friends joining together. Many participants 

mentioned the fun and joy of joining in hackathons and game 

jams, especially with friends [29, 35]. Although networking is 

one of the motivations to participate in hackathons [30], shy 

and introverted people may suffer to fit in. Even in a women-

focused event, a woman interviewee abandoned participation 

in a game jam because she was not comfortable working with 

a team in which she did not know anyone previously [29]. This 

can bring a discussion about someone coming to an event with 

a pre- formed group who might lose networking with others as 
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this person may focus their interactions with their friends. On 

the other hand, there is a larger benefit: friends can play a great 

role in encouraging people who perceive these collaborative 

events as intimidating or in an unknown setting. However, 

this recommendation shall not be seen as a rule; otherwise, it 

would end up excluding people who have no friends who attend 

hackathons and game jams.

 (7) Introduce elements that underrepresented genders can 
relate to. A way to attract women and the LGBTQIA+ public to 

hackathons and game jams is to introduce in these events some 

elements that members of these communities can relate to [29]. 

The relevance of increasing diversity themes (e.g., gender equity, 

social justice) in hackathons and games jams can attract more 

people. In general, social and humanitarian topics generate 

more empathy. For instance, in humanitarian free open source 

projects, women and underrepresented groups are more attracted 

by the opportunity to assist others [34]. An element brought by 

participants was to bring more visibility to LGBTQIA+ organizers 

and mentors through specific items (e.g., clothes, badges, pinback 

buttons, event advertisement digital cards) so that participants 

who are also part of that community can notice that and have a 

sense of belonging [29].

 (8) Promote learning activities to stimulate both technical and 
soft skills. Hackathons and game jams are powerful tools for 

participants to learn and put into practice their technical and soft 

skills. This is common ground among many participants in these 

types of event [2, 11, 13, 29, 30, 35]. Students can acquire new 

competencies and have hands-on experience that complements 

their academic degree. However, we observed some participants 

have low confidence in their abilities, and this is also a reason 

for some people not joining these events [30]. To increase their 

motivation, it would be interesting to include training workshops 

and provide resources that participants can study before the 

events. In addition, the fun and learning aspects should be 

emphasized during the events [30, 35].
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 (9) Focus more on collaboration and less on competition. Fostering 

a competitive or collaborative ambience is a design choice made 

by organizers [33]. The traditional competitive hackathon format 

is common when there are incentives such as awards and prizes 

being offered. A cooperative event can be achieved when social 

elements are introduced – for example, stimulating participants to 

pitch project ideas or to wander around the premises and discuss 

with other teams – thus helping participants from different teams 

to collaborate and network [32]. Since learning and networking 

are key motivations for participating, we suggest that organizers 

could plan events that concentrate less on the competition among 

teams. Such competitive aspects of game jams and especially 

hackathons may discourage some people. Of course, having a 

prize is an important aspect of some events, but we believe that 

winning should not be promoted as their ultimate goal. Women 

are stimulated to share their experiences and collaborate with 

peers, but they expect a welcoming environment. It will also 

address the fear that many women participants have regarding 

their performance. Men tend to be more competitive than women 

in hackathons [30]. In game jams, women [9, 29] and LGBTQIA+ 

[29] prefer a more collaborative environment, and a spirit of 

collaboration is important in these events.

 (10) Stimulate healthier habits. Another aspect that inhibits 

participation is the intensive format of events. Weekend events 

may prevent participants to join because of family commitments 

[1]. Staying overnight may contribute to low productivity and 

may be impractical especially for women with children. In fact, 

we observed that some women feel uncomfortable spending the 

night at the venue [31]. We suggest alternative schedules to attract 

more women. It is also important to create a friendly space where 

everyone feels safe. In addition, the availability of mainly junk 

food was considered a negative aspect by many participants of 

our events. Providing healthy food and pauses for fun moments 

and relaxing during social breaks may create a well-being 

ambience [30].
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As a way to validate these guidelines, we applied them in a hackathon aiming to 

generate digital solutions in the context of an NGO from Brazil working with socially 

vulnerable people living with HIV [15]. Part of the material made available [14] 

exemplifies some of these guidelines (e.g., inclusive communication, elements that 

underrepresented genders can relate to).

 Conclusions
Hackathons and game jams create an environment where informal learning takes place, 

allowing peers with a multidisciplinary background to share ideas and knowledge. 

Due to the sexist culture around programming, games, and STEM, in general, the 

typical behavior of men in these events creates a sometimes unpleasant experience 

for women and LGBTQIA+ participants and also repels those who never participated. 

Our studies reveal that hackathons and game jams targeted especially at people 

from underrepresented genders can create a support network where they feel more 

confident in their competencies. Nevertheless, mixed-gender events need to prevent 

the ”brogrammer stereotype” by successfully embracing women and LGBTQIA+ in a 

protective and welcoming environment so they can be more gender-inclusive. Changing 

the culture at the micro-level of hackathons and game jams can be a starting point for 

a broader gender-inclusive transformation in the computing area. This transformation 

is beneficial for everyone, as more diversity means a greater range of visions and 

experiences, increasing collective creativity toward the resolution of problems. 

Many future studies can be pursued in this area, such as understanding whether the 

participation of people from underrepresented gender in the events impacted their 

academic and professional experiences or exploring other potential benefits that 

hackathons and game jams may bring for their careers (e.g., building core professional 

competencies). There are limitations in the studied audiences – restricted to some 

Brazilian hackathons and game jams – as well as in the findings, which may not be 

generalized to other countries. However, many of the findings are supported by literature 

focused on Western countries and may serve as a starting point for other research.
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CHAPTER 17
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Codes of conduct (CoCs) have become a hot topic in open source software as 

contributors and projects increasingly discuss their messaging, presence, and 

importance. This chapter aims to provide a holistic overview of CoCs and research 

on them. We first provide the history, context, and controversies surrounding CoCs 

and demonstrate why CoCs are an important document and tool for OSS projects. We 

then showcase findings from the literature on CoCs and finally identify open research 

questions and call for their exploration.

 Introduction of CoCs in OSS
Free/libre open source software (FLOSS/OSS) is an important form of digital 

infrastructure and technical career pathway for many developers [4, 20]. Despite OSS’s 

origin as an alternative technology movement subverting privatization and commercial 

forces, OSS’s roots in libertarianism, masculine technologies, and techno-determinism 

have resulted in an apathetic attitude toward social issues [7]. This philosophy has 

contributed to a notoriously antagonistic environment for women and minorities [14, 16, 

23], with CoCs as a particular sore spot.

In 2014, Coraline Ada Ehmke created the Contributor’s Covenant (hereafter 

referred to simply as CC), after reports of sexualized language and assaults at events 

and a general lack of governance [15]. The CC is the first of many CoCs designed 

to govern projects and discourage what advocates refer to as “toxic” behavior. To 

OSS traditionalists, this was interpreted as a threat to free speech. To increasingly 
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diverse contributors, it was a needed provision of protections and accountability. 

The introduction of the CC thus began the first major, and ongoing, socio-cultural 

war of OSS.

Cisgender women and other underrepresented groups often bear the brunt of 

the labor of advocacy and thankless community-oriented tasks (e.g., documentation 

and organizing community events) [25]. Women’s technical contributions are often 

undervalued or nitpicked in comparison to men’s [17], and women often experience 

biases and harassment at in-person events. Unsurprisingly, women tend to leave 

projects earlier than men [13]. While advocacy for CoCs and inclusive efforts has 

increased over the past few years, there is still pushback among traditionalists who 

believe the inclusion of any guardrails represents an attack on cis-, white, hetero-men 

and their free speech; this reaction has even included cases of contributors leaving 

projects due to the inclusion of a CoC [2]. Having discussed the history of CoCs, we 

now present their content before turning to examine current research on their role and 

function in OSS projects.

 Structures of Conduct
CoCs are community-wide governance documents that establish the core values, 

expected behaviors, and commitment to inclusivity within OSS projects. Recently, OSS 

projects hosted on the popular git control platform GitHub are given CoC templates 

at the project’s creation. The most popular templates include the CC1 and the Python 

Code of Conduct2 [24]. While CoCs vary in prose and content, they all convey a sense 

of community values and expectations. We observe different CoC approaches by 

comparing the six most popular: the Contributor’s Covenant, Mozilla’s Community 

Impact Guidelines, Google’s Code of Conduct, the Python Code of Conduct, the Django 

Code of Conduct, and the Rust Code of Conduct.

The most significant CoC is the Contributor’s Covenant (CC), which serves as a 

cornerstone of OSS governance documents. It contains a pledge, standards, enforcement 

responsibilities and scope, enforcement guidelines, and attribution. The CC pledges 

against discrimination of any form and is geared toward an “open, welcoming, diverse, 

inclusive, and healthy community.” It defines unacceptable behavior, namely, any 

1 www.contributor-covenant.org/
2 www.python.org/psf/conduct/
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conduct that could “reasonably be considered inappropriate in a professional setting,” 

for example, doxxing and harassment. Enforcing these standards is the right and 

responsibility of community leaders. There are four levels of enforcement depending 

on the frequency/severity of infringements: initial correction with a written warning, a 

warning resulting in reduced interactions with others in the community, a temporary 

ban, and finally a permanent ban.

In the early stages of CoC introduction to OSS, it was primarily larger, successful, 

and more established OSS projects that were the first to adopt them (e.g., Mozilla and 

Django). Mozilla’s Community Impact Guidelines3 predates the CC and helped shape 

it. Mozilla’s CoC is more verbose, with additional clarity, details, and examples. Mozilla 

showcases a section titled “Be Inclusive,” which encourages people to “seek diverse 

perspectives” and being open to new perspectives and ideas, fostering innovation. It also 

lists ways to be considerate toward others, for example, respecting and using someone’s 

self-identified pronouns. Google’s Code of Conduct4 borrows heavily from the CC, albeit 

terser and more direct. The web framework Django is unique in separating its CoC5 

from its enforcement manual, the former focusing on community ideals and the latter 

on enforcement. Django states that while their enforcement manual is internal to their 

Code of Conduct Committee, it is published in the interest of transparency, a key value 

of DEI efforts. Finally, the CoC6 of the Rust programming language only has two sections: 

Conduct and Moderation. This structure reflects the CoC’s ultimate purpose – to provide 

a community-wide baseline for expected behaviors and a warning of the consequences 

should inappropriate behavior be exhibited.

 Related Work on CoCs
To provide additional clarity of the usage of CoCs, we consider existing research and 

feature results from previous and ongoing work, concluding by highlighting open 

research questions. Previous research has found that the content of CoCs can be 

value-based, rule-based, or a mixture of both. Rule-based CoCs list concrete examples 

of unacceptable behaviors, while value-based codes lack explicit rules and instead 

3 www.mozilla.org/en-US/about/governance/policies/participation/
4 https://opensource.google/documentation/reference/releasing/template/
CODE_OF_CONDUCT
5 www.djangoproject.com/conduct/enforcement-manual/
6 www.rust-lang.org/policies/code-of-conduct
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define community values and ideas generally [24]. All CoCs studied by Tourani et al. 

championed diversity and a welcoming community and encouraged respectful and 

constructive collaboration [22, 24]. Finally, for a CoC to be effective, disciplinary 

actions must be clearly spelt out, and any enforcement should be visible to the 

community. Public enforcement serves two purposes: potential offenders know there 

is a consequence to actions, and marginal community members feel safer knowing 

protections exist with the backing of the broader community [1].

 CoC Community Conversations
To demonstrate how communities discuss and use CoCs, we look to a recent publication 

on the typology of these conversations, where we as researchers viewed thousands 

of GitHub issues and conducted a content analysis on over 400 OSS community 

conversations [15].

 Adoption and Creation

A CoC’s adoption and creation are an important step for communities as they commit to 

inclusivity and move to a central governance model. The proposal to include a CoC can 

incite different reactions of disapproval, approval, and ambivalence among community 

members.

As CoCs grow in popularity, disapproval from the broader project community is 

becoming increasingly uncommon. Those protesting the inclusion of a CoC often 

consider it an antithesis to OSS philosophy, claiming it limits free speech and free code 

(assuming that all code is neutral). Others believe CoCs are an infective moderation tool 

and are skeptical of their capability to curb negative behavior. Admittedly, communities 

cannot control the emergence of negative behavior, yet project leaders and advocates 

can exert authority through their reaction and utilizing CoCs for enforcement. CoCs 

provide rules that can penalize infringers with unseemly consequences (e.g., temporary 

or permanent ban).

Most sampled projects had either neutral or positive stances toward a proposed 

CoC. Positive reactions were relayed through encouraging comments (see Figure 17-1), 

“+1”s, or “  ”s, yet most CoC proposals received minimal interaction from the 

community, for example, zero comments/likes. In this case, CoCs were often eventually 

merged. The lack of engagement from the community could potentially spell trouble for 

later drama, infringements, or miscommunication.
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Figure 17-1. Support for the wording in the code of conduct

 Moderation and Enforcement

Moderation and enforcement vary between projects and depend on factors such 

as project leadership structure, presence of a community manager, proportion of 

contributors to maintainers, etc. We review our typology of enforcement of the CoC [15] 

through the lens of an online content moderation framework [12], based on content 

moderation in environments comparable to OSS, for example, Reddit and Wikipedia.

The CoC was used proactively to enforce community guidelines and reactively to 

moderate unwelcome behaviors. Individual projects decide their moderation schema, 

derived from several reflective values (e.g., leadership team transparency, driving 

moderation philosophies, etc.). Common moderated behaviors included the complaints 

of disgruntled users and offensives due to a language barrier. Upon being “called out” 

by a moderator, we observed both examples of defiance and apology from the offender 

(shown in Figure 17-2).
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Figure 17-2. Post-moderation, the infringer apologized and corrected their 
behavior

There are many moderation styles in OSS, for example, human vs. automated 

moderation. Humans understand nuance and complex situations, while “automated 

systems offer the kind of moderation required by the massive scale of today’s online 

community” [12]. There are many OSS bots for detecting non-inclusive language (e.g., 

in-solidarity-bot7 and probot8) in GitHub projects and forums where contributors 

connect synchronously. A trade-off exists between efficiency and quality of moderation; 

maintainers and moderators can react quickly to infringements with less careful 

responses or can spend more time crafting their responses, leaving open the possibility 

of harm spreading.

OSS projects can be perceived as more transparent than other working settings, 

but does that apply to moderation? Our analysis suggests CoC conversations exist in 

private spaces without broader community involvement [15]. There was little public 

conversation around CoC additions, but longer deliberation when moderation was 

perceived as unfair, likely due to no shared understanding of the CoC and its usage. 

This connects with existing work on moderation techniques in online communities, 

7 https://github.com/jpoehnelt/in-solidarity-bot
8 https://github.com/topics/probot
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for example, work examining the statistical association between types of moderation 

behaviors and future user activity [8, 11]. We aim to expand the research on CoCs by 

considering them a form of content moderation, discussed in the next section.

 Contributor Experiences with CoCs
CoCs are generally considered helpful in attracting newcomers [18, 21], yet there is 

little to no empirical evidence to support that. In fact, there is evidence that the CoC’s 

presence has no bearing on a newcomer’s joining of a new project compared with other 

factors considered [9, 19].

Adding nuance to the evidence that CoCs are inconsequential in joining and 

contribution processes, we present results from two ongoing unpublished studies. The 

first is a study of trans-contributors and the second a study of OSS maintainers. As part 

of a larger study, we aimed to understand the experiences of trans-, non-binary, and 

genderqueer (hereafter referred to simply as “trans”) people in OSS and the impact of 

gender identity on OSS career trajectory. We interviewed 21 trans-contributors to gather 

details and insights on their involvement in OSS, including their initial contributing 

experiences, their career trajectories, and positive and negative experiences.

When discussing their early joining experiences in OSS, many of our participants 

performed reconnaissance work before joining a project. They would screen projects 

for potential toxicity through a variety of methods, including the presence of a CoC. A 

participant described a general project culture assessment based on the CoC’s presence.

If they’ve got a code of conduct, they’re probably trans-friendly. If they don’t, 
they’re probably bigots <laugh>. That’s a very rough rule of thumb and 
there’s more nuance, but at a first glance, looking to see if they’ve got a code 
of conduct is a very good indicator of how trans-friendly the community 
will be.

While the presence of the CoC was a positive indicator, our participants also stressed 

its enforcement. Enforcement of a project’s CoC signals to vulnerable contributors 

whether they are truly welcomed and supported by the broader community [10]. Our 

participants hoped that communities would enforce community guidelines, rather than 

simply allowing and ignoring instances of bigotry.
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If somebody says something transphobic, that’s a warning sign to me, and I 
need to pay attention to how it’s dealt with. Is the community, the project 
leadership, …are they laughing with that person or are they scolding and 
educating that person and correcting the situation? How does that 
 community leadership respond? That response tells me whether or not it’s 
safe for me to be involved in that community.

We also interviewed 21 OSS maintainers to understand how they regard newcomers 

in their projects. Maintainers were aware of the CoC’s message and its role in 

community management and statements. A participant discussed the CoC’s connection 

to community statements, for example, working to be “actively anti-racist” in their 

messaging and encoding an actively welcoming mindset among community members.

I’m involved in conversations about code of conduct and, more recently, 
Black Lives Matter, making sure we actively use anti-racist language in our 
community and its statements … The community gets the message reaf-
firmed that this is an actively inclusive space … We expect you to make peo-
ple feel welcome, and we use that explicit language because we really think 
that it needs the least amount of room for ambiguity.

Another participant spoke passionately about proactively creating an inclusive and 

welcoming environment for any contributors. They cited the CoC as a document for 

enforcement against “trolls” and negative behavior. As a maintainer, they expressed a 

sincere desire to ensure a welcoming environment for everyone and hoped that the CoC 

would be a meaningful and supporting document for contributors.

Having a visible code of conduct, we’re making a commitment to anybody who 
might want to be involved that you’re welcome and we’re not going to let any-
one else be horrible to you and continue to participate … I meant it sincerely 
when I added it. And I hope it means something to someone who’s reading it.

Dismissal of CoCs emerged in our interviews, including a participant discussing 

the potentially performative nature of the CoC. They likened it to greenwashing,9 which 

conveys a false impression about how a company’s products are environmentally sound. 

To this participant, the rules of a CoC were redundant as negative interactions are “of 

course” discouraged; thus, a CoC makes projects only appear inclusive.

9 www.investopedia.com/terms/g/greenwashing.asp
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I’m going to be very honest, but for me, this looks like greenwashing, to say, 
“Oh, you see we’re very kind and nice people because that’s our standards 
and we don’t accept trolling, insulting, and derogatory comments.” I think 
that’s basic. You don’t need to say it.

Admittedly, the signal of inclusivity and community provided by CoCs can quickly 

devolve into a façade if projects do not enforce them. The strength of CoCs derives 

from community backing of values and project leaders enforcing them. Withholding 

accountability or allowing negative behavior undermines the authority of the CoC.

 Further Recommendations
CoCs are a place to express and define shared community values in OSS projects, an 

important governance document for moderation, and an indicator of project inclusivity 

and safety, especially for vulnerable contributors. In this section, we build on these 

understandings in the form of recommendations for practice in open projects.

For projects creating and adopting a CoC, community consensus is recommended to 

avoid later confusion and miscommunication. Communities should collaborate in CoC 

creation and define their values, expected behavior, and consequences of infringements. 

Creating a custom CoC is a nontrivial task, requiring the input of many members – 

therein lies its strength. A custom CoC needs collaboration, facilitating shared social 

learning and values. Projects can also adopt a CoC template and tweak its contents; 

however, the broader community is encouraged to be involved. If CoC conversations are 

done privately, common in large projects with hierarchical structures [3], leaders should 

make an effort to replicate that discussion publicly. A clear community consensus on 

unacceptable behaviors and their enforcement promotes mutual social learning [6] 

and can reduce later tension and divisions in the event of a serious infringement. Open 

collaboration platforms such as GitHub can help by considering ways in which their 

system designs can better facilitate community discussions at a broader level.

Project leaders should clearly designate a contact method for enforcement within 

the CoC, either using a moderator’s contact info (e.g., the maintainer’s email) or creating 

an email for handling requests (e.g., moderation-team@project.com). As for moderation, 

our advice is to be firm and fair. Moderators must have a consistent reaction toward the 

infringer, no matter who they are. To help build shared social learning, we encourage 

moderators to NOT delete negative interactions and their subsequent moderation. 
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Moderators should consider adding these (anonymized) examples to their CoCs to 

maintain a public record of past infringements, providing an opportunity for newcomers 

to accurately assess the community [5]. We understand, however, that the choice to 

not delete comments is difficult, especially when members are subject to continuous 

trolling, harassment, or spamming. In such cases, comments should be deleted, 

especially if they are targeting a specific individual or group.

We’ve seen CoCs viewed as a signal of perceived project inclusivity and their 

enforcement as indicators of the project leadership’s commitment to that message. If a 

project is not committed to enforcement, the CoC’s presence may lull contributors into 

a false sense of safety, especially harmful for vulnerable contributors. Projects should 

not include a CoC unless they are prepared to enforce it against their “best” contributor. 

Future research should also include more diverse perspectives (e.g., non-white, cis- 

male) when considering participant experiences in OSS.

 Open Research Questions
Many questions surrounding CoCs remain unanswered. How does the lack of a contact 

method impact the effectiveness of a CoC? Many negative interactions are also deleted. 

It is unclear how widespread the deletion of transgressions is among OSS projects nor its 

long-term implications. Further research can explore the impact of hidden or removed 

negative interactions on a community’s sense of self.

As projects grow and opinions evolve, project leaders can revisit the concerns of 

the community and reflect these in the CoC. Yet there are still many questions on how 

best this can be achieved. Should all members participate in CoC discussions or just a 

representative sample – what would a representative sample look like for a project? How 

can project leaders best facilitate these discussions in an open and respectful way? When 

is deliberation on CoC content considered sufficient? What are indicators of a consensus 

on the contents of the CoC? These are questions to be explored in future research.

There are many different moderation styles and philosophies driving enforcement 

of the CoC. Should projects be nurturing and educate infringers or be swift in their 

punishment? Kindness and respect toward others can encourage gracefully accepting 

constructive feedback and accountability for one’s actions, but it may leave the 

community open to trolling or attacks. Conversely, harsh punishments can effectively 

discourage infringements from happening again, but run the risk of facilitating a 

“toxic” and exclusive environment. Studies to help understand the trade-off between 
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contribution quality and level of activity or the trade-off between the quality of 

moderation and its efficiency are needed. How can other analyses of moderation values, 

philosophies, and actions be applied to the decentralized projects of OSS?

We hope that future research can assist communities addressing these questions.
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Code reviews are an important part of the software development process for many 

reasons [3], such as that well-reviewed code increases software quality [8]. But code 

reviews can sometimes contain toxic, disrespectful, or otherwise contentious discussions 

that can be stressful on contributors [9, 14]. Such negative interpersonal interactions and 

rejection disproportionately affect developers from historically marginalized groups. For 

instance, open source developers who are women have their code reviews rejected more 

often when they are outsiders to a project and their gender is visible [16]; open source 

developers who are perceptibly non-White have their reviews rejected more often [11]; 

and industry developers who are young, White, and male face less pushback than their 

colleagues [10]. In this chapter, we describe a simple intervention we deployed for two 

years in the Gerrit code review system designed to reduce negative experiences, as well 

https://doi.org/10.1007/978-1-4842-9651-6_18
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as an evaluation of whether the intervention reduced code review comment toxicity. 

While the intervention did not appear to reduce toxicity in the communities we studied, 

we recommend future researchers and practitioners study better ways to reliably 

measure toxicity and more sophisticated interventions.

 The Design of Respectful Review Reminders
In an effort to reduce the likelihood that negative interpersonal interactions occur, in 

February 2020, we introduced1 respectful code review reminders in the Gerrit code review 

system. Our assumption was not that reviewers are intentionally malicious toward code 

authors, but instead that they have good intentions and simply need to be reminded 

occasionally to communicate with care.

We designed the reminders to show a text message when a reviewer opens a 

comment box to provide feedback on a piece of code. Figure 18-1 shows an example. 

Our design approach for the reminders was based on a blog post about practical advice 

to engineers for writing respectful code review comments,2 and the blog post itself was 

based in part on our qualitative research on pushback in code review [5]. Using the blog 

post as a starting point, we (a group of designers, engineers, and researchers) created a 

1 https://gerrit-review.googlesource.com/c/gerrit/+/254957
2 https://testing.googleblog.com/2019/11/code-health-respectful-reviews-useful.html

Figure 18-1. An example of a respectful code review reminder in the Gerrit UI
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mockup and decided how often we thought reminders should be sent. We designed the 

reminders with the following intent:

• To improve the likelihood the text was actually read by the developer, 

we tried to keep it short, with a link with more information. The text 

of each reminder was one of the following:

 – DO: Assume competence.

 – DO: Provide rationale or context.

 – DO: Consider how comments may be interpreted.

 – DON’T: Criticize the person.

 – DON’T: Use harsh language.

 – DO: Provide specific and actionable feedback.

 – DO: Clearly mark nitpicks and optional comments.

 – DO: Clarify code or reply to the reviewers’ comment.

 – DO: When disagreeing with feedback, explain the advantage of your 

approach.

• So that reviewers would be less likely to become desensitized, 

whenever a reviewer opened the user interface to leave a comment 

on the code, the software would randomly decide whether or not 

to show a message with a probability of 0.3. When a message was 

shown, the system randomly selected one from the preceding 

available messages.

• To increase the likelihood that the message was seen, we placed the 

text directly below where the reviewer would write a comment.

• To reduce the likelihood that the messages would become annoying, 

reminders initially appeared for each user at most every three days. 

Some users complained that the feedback was becoming annoying, 

such as that “I do not think it’s respectful of my time to have to 

dismiss this.”3 We thus increased the delay to 14 days.

3 https://bugs.chromium.org/p/gerrit/issues/detail?id=11441#c17
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• To simplify our implementation, messages were shown before the 

reviewer typed text into the comment box and remained there 

until the comment was saved. Neither the code being reviewed 

nor the content of reviewers’ comments affected when messages 

were shown.

In February 2022, the feature was removed from Gerrit, as the analysis described in 

the following showed a lack of evidence for effectiveness.

 Evaluation Approach
We wanted to evaluate whether the reminders had an observable effect on discussions 

in Gerrit. While there are many potential effects that such reminders might have – such 

as improvements in sentiment [1, 12], constructiveness [6], or pushback [5] – we made 

the decision to measure toxicity using Perspective, a public API that returns the output 

of machine learning models pre-trained on a variety of data, including comments 

from Wikipedia and the New York Times.4 We chose to measure this construct with this 

API because

• Toxicity is a widely used construct in a variety of online contexts that 

has been used in prior work on analyzing code reviews [13], with 

mature and scalable analysis tools.

• The Perspective API has relatively good performance. When we 

applied several natural language processing techniques in prior 

work, we found that the Perspective API’s toxicity scores were 

the best predictor of human-labeled toxicity in open code review 

comments [13]. Sarker and colleagues also found that the Perspective 

API produced the highest F1 score and inter-rater agreement when 

predicting human-rated toxicity in open source code reviews, 

including for the Android and Chromium Gerrit projects [15].

• Applying the API is a simple approach, commensurate with the 

simplicity of the implementation of respectful review reminders.

4 https://developers.perspectiveapi.com/s/
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Our research question can be stated as: Did Gerrit’s respectful code review reminders 

reduce comment toxicity?

To evaluate the research question, we applied the Perspective API to score toxicity in 

Gerrit comments. After a project privacy review within Google, designed to ensure that 

we were following best practices to ensure the privacy of Gerrit’s users, we were granted 

bulk access to the comments in two large projects that use Gerrit for their code review: 

Chromium5 as well as both the internal and open source6 repositories of Android. After 

analyzing comments on these projects with the Perspective API, we examined how the 

scores changed from before the reminders were deployed in Gerrit to after they were 

deployed. Since we had no way of knowing if a reminder was shown for each particular 

comment from the user, we instead assumed that if the deployment of the reminders 

had an effect on toxicity, that effect would be widely observable rather than only locally 

observable for certain comments.

After running the Perspective API, to understand and improve the API’s labeling 

accuracy, we randomly sampled comments for manual inspection. The API returns a 

toxicity score between 0 and 1, representing “how likely it is that a reader would perceive 

the comment”7 as “rude, disrespectful, or unreasonable [and] likely to make people leave 

a discussion.”8 However, because the Perspective API model is periodically updated, 

the precise toxicity scores reported here can change.9 Using toxicity scores as strata, one 

author first inspected 100 comments with scores greater than 0.9, then between 0.8 and 

0.9, and so on. The goal was to identify any recurring patterns that represented false 

positives, so that we could make adjustments and then rerun the toxicity API to better 

reflect true positives. Such adjustments are typically done in other contexts when natural 

language processing classifiers are applied to a software engineering context (e.g., [14]).

5 https://chromium-review.googlesource.com/
6 https://android-review.googlesource.com/
7 https://developers.perspectiveapi.com/s/about-the-api-score
8 https://developers.perspectiveapi.com/s/about-the-api-attributes-and-languages
9 https://support.perspectiveapi.com/s/about-the-api-faqs
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In comments categorized as having toxicity scores greater than 0.5, we noticed and 

addressed the following frequent false positives:

• The word nit often was rated as highly toxic, yet using the word is 

considered best practice in code review.10 We replaced this token 

with suggestion in any comment that contained it, before scoring the 

comment with the Perspective API.

• The word remove often was rated as highly toxic, but appeared not to 

be in context. We replaced it with change before scoring.

• The string ASSERT often was rated as highly toxic, but it instead 

referred to a snippet of code in context. We replaced assert strings 

with abc before scoring.

• The string CHECK often was rated as highly toxic, but it instead 

referred to a snippet of code in context. We replaced it with ABC 

before scoring.

After performing these replacements, we ran the toxicity API and used the resulting 

toxicity scores in our analysis.

Using the 12 months before the deployment of the reminders as a baseline, we 

then examined the period after deployment using a sharp regression discontinuity 

design. Our primary hypothesis was that the reminders had an immediate effect, with 

a secondary hypothesis that the reminders had a longer-term effect. We also examined 

whether the effect of the reminders, if any, disappeared after the feature was removed. 

Given these hypotheses, we dummy-coded the time period into either

• Before (the 12 months before the deployment)

• Short-term (the one week after the deployment)

• Medium-term (between one week and one month after deployment, 

about three weeks in duration)

• Longer-term (between one month after deployment and the time it 

was removed, about two years)

• Short-term removal (the one week after removal)

10 https://google.github.io/eng-practices/review/reviewer/standard.html
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• Medium-term removal (between one week after removal and about 

two months after removal, about nine weeks in duration)

Given uncertainties in the exact timing of the feature being available to users, we 

excluded analysis of toxicity scores for two separate one-week periods, one surrounding 

the estimated rollout date and one surrounding the estimated removal date.

Inspecting percentiles of toxicity scores over time, we observed a noticeable jump 

in toxicity on July 3, 2020, during the longer-term period. Around this time, we found a 

sharp increase in reviewers mentioning the acronym LGTM. Because the Perspective 

API marked it as moderately toxic, we replaced it with the neutral-scoring looks good 

to me in the same way we did with tokens like ASSERT, as mentioned previously. Even 

after replacement, we noticed an increase in average comment toxicity. After speaking 

with two people familiar with contemporary community events and inspecting common 

word frequencies before and after July 3, we were unable to ascertain the cause of the 

average toxicity change. Nonetheless, we decided to model the shift by dividing the 

longer-term period into longer-term (A) and (B). Longer-term (A) refers to the period 

from one month after deployment to July 3, 2020 (about 15 weeks in duration). Longer- 

term (B) refers to the period from July 3, 2020, to about two years after deployment 

(about 84 weeks).

The regression predicted the overall toxicity score for each comment, since this 

appeared to us to be the simplest way to model toxicity. We included a variety of control 

variables in our regression. First, we included a random effect for identity of the person 

who made the comment; the objective here is to control for the typical toxicity that each 

person exhibits. We also included a variety of fixed effects: the log of the number of 

revisions in a changelist, using log here to normalize tail skewed distributions; the log of 

the number of reviewers; the log of the number of inserted lines of code; the log of the 

number of deleted lines of code; the log of the number of files changed; and whether the 

change is a reversion of a prior change.

Figure 18-2. Toxicity scores during the various study periods
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 Results
The results of running our regression model are shown in Figure 18-2. The figure shows 

the toxicity scores that the model estimates, which can be read as mean toxicity scores 

when accounting for the controls. The whiskers on each bar indicate 95% confidence 

intervals.

From the figure, we observe the following:

• Given that toxicity scores can range between 0 and 1, toxicity score 

estimates across all periods remained low – less than 0.1. An example 

of a common string with a toxicity score of 0.1 is See comment below.

• In the short-term, medium-term, and longer-term (A) after the 

feature was added to Gerrit, toxicity scores increased slightly and 

statistically significantly.

• In the longer-term (B) period, toxicity scores increased even further, 

likely due to the July 3, 2020, change.

• No decrease in toxicity was apparent in the removal periods.

 Discussion
The preceding evidence suggests that the respectful code review reminders did not 

reduce the overall level of toxicity in the three Gerrit projects studied. This supports 

the decision to remove the feature from Gerrit. However, since the problem of negative 

interpersonal interactions is an observed problem – especially for marginalized 

developers – other interventions should be considered and evaluated. Such 

interventions might include

• Context-sensitive suggestions, which activate when comment 

authors are drafting text that may be interpreted negatively and the 

tool could provide actionable examples to improve respectfulness of 

the comment. A domain-specific text analysis tool would be required, 

however.
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• Feedback on feedback: Readers could provide their own feedback 

on comments, perhaps as lightweight as an emoji.11

• Feedback dashboard: Users could have a private dashboard that 

allows them to compare statistics about their comments – for 

example, overall positive or negative sentiment – and compare those 

statistics to the larger community. Each user involved in a code 

review could rate the level of respectfulness of the discussion, after it 

is merged. This would be reflected in the user dashboard to self- 

assess and act upon their level of respectfulness.

The evidence here also suggests that the amount of toxicity actually increased after 

the feature was introduced. If the feature caused the increase, a plausible explanation 

might be that it induced reactance [4] in developers, where people react in opposition to 

messaging when they view it as a restriction on their choices and behavior. In fact, the 

regression discontinuity method used here assumes that defiers [2], such as the reactant 

developers here, do not exist in the dataset.

 Limitations
There are several limitations to our research. First, based on our manual inspection of 

comments, it’s clear that a significant proportion of comments scored as highly toxic 

were, in reality, not toxic. While we tried to manually address this by replacing common 

keywords (e.g., nit) before scoring, other more subtle patterns were not easy to mitigate. 

For instance, we noticed that self-directed negativity (e.g., I made a stupid mistake) was 

scored as toxic, as were negative comments directed at the code. On a surface level, these 

can be interpreted as false positives, but that’s not necessarily the case; toxicity directed 

at the code can also be interpreted as toxicity that reflects on the code’s author. General 

inaccuracy in applying the Perspective API to code review is somewhat expected; it was 

trained on toxic comments on the open Internet, rather than on code review or software 

engineering data specifically. A toxicity model trained on code review data specifically 

would likely yield more accurate results.

Second, the overall effect sizes are very small. While toxicity has shifted statistically 

significantly, the overall shift may not be practically significant.

11 www.geekwire.com/2016/github-adds-reactions-keep-comments-track/
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Third, other changes may confound our results. As we already pointed out, we 

observed some unexplained change in July 2020, which appears to have had an effect 

on toxicity scores. As another example, longer-term and later toxicity estimates may 

be influenced by pandemic-related effects, if any. Other unknown changes may have 

occurred at various points in time, making it difficult to isolate the causal effect of the 

politeness feature. Rather than a regression discontinuity design, an A/B testing design 

could have enabled more confident causal inferences [7], but we did not have access to 

an A/B testing framework in Gerrit at the time. Moreover, an A/B test in this context may 

suffer from cross-contamination effects, since toxic comments may beget more toxic 

comments and vice versa.

Finally, we modeled toxicity by predicting the toxicity of each comment, but other 

modeling strategies may yield different results. For example, comments could be broken 

up into sentences; then the toxicity of each sentence could be predicted. As another 

example, comments could be aggregated by reviewer, and then the average toxicity of the 

reviewer could be predicted.

 Conclusion
The analysis presented in this chapter provides evidence that regularly reminding 

developers to be respectful in their code review does not measurably reduce comment 

toxicity. While these results suggest that our specific approach did not have an 

observable effect, even minor changes – such as decreasing message frequency or using 

different message text – may yield different results. More sophisticated approaches 

may also be successful, such as targeted messages to people whose comments may 

be perceived negatively by their peers. Regardless of the approach taken in the future, 

researchers should evaluate and report on the effects of such interventions – whether 

or not an effect is observed. With developers from marginalized groups facing more 

negative experiences during code review, both in open source [11, 16] and in industry 

[10], we encourage toolsmiths to design interventions to try to increase equity in code 

review experiences and outcomes.
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Developers from historically marginalized groups often face more rejection and 

pushback than their peers. To address this problem, at Google we’ve been experimenting 

with anonymous author code review (AACR) as a way to combat the biases that all 

people have. In this chapter, we describe our experience designing, implementing, 

deploying, and using anonymous author code review over the last few years. We describe 

the who, how, when, and where to anonymize in a modern code review system. Our 

experience suggests that the design space for anonymous code review systems is wide 

and that implementations are not trivial.

 Introduction
Prior work [4, 5, 7] has shown that code authors from historically marginalized groups 

face more rejection and more pushback on their changelists (CLs), also referred to as a 

pull request, than their majority peers, both in open source software and in industry:

• On GitHub, Terrell and colleagues showed that code review 

acceptance rates differ between men and women, depending on 

whether reviewers’ can infer their gender from their GitHub profiles, 

that is, based on their username or profile photo. When the gender of 
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a non-owner of a project is apparent, women have lower pull request 

acceptance rates than men [7]. When the gender is harder to infer, 

that trend is reversed – women actually have higher acceptance rates.

• Based on race and ethnicity inferred from GitHub users’ names, 

Nadri and colleagues found that perceptibly White developers 

tended to have higher pull request acceptance rates than non-White 

developers [5].

• In an industrial setting, we showed that men and White developers 

have lower odds of receiving pushback from their code reviewers 

[4]. In that work we also showed that older developers faced more 

pushback than younger ones.

Such research builds on the observation that it’s common for software developers to 

look at identity signals in a code author’s profile [1], such as their name or profile photo. 

In doing so, human biases likely come into play, resulting in the disparities in rejection 

and pushback observed in the research literature.

One way that prior work [4, 5] has suggested that such disparities can be mitigated 

is through anonymous code review, where information about a code change’s author is 

hidden from a reviewer, so that the reviewer may focus on the content of the changelist 

without being biased by the identity of the code author.

We have built two such anonymous author code review (AACR) features for code 

review inside of Google. In particular, the first author of this paper, a software engineer 

at Google, built a Chrome browser extension that provided AACR for those that installed 

it. The second author of this paper, a research scientist at Google, then evaluated the 

engineering impacts of this extension, described in a published experiment [4]. Since 

then, the first author implemented a new version of AACR directly in a code review 

tool (called Critique), which has been in production for more than two years. The third 

author of this paper has been studying usage of the Critique AACR implementation as a 

visiting scientist at Google.
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Figure 19-1. Flowchart showing an overview of the code review process at 
Google [6]

While the idea of AACR seems straightforward – just remove the author’s name 

during a code review (Figure 19-1) – in this chapter we discuss some practical 

considerations building and deploying this tool designed to increase equity in code 

review outcomes. We hope that our experiences will be helpful to toolsmiths and 

developers in other organizations that wish to implement anonymous code review. We 

structure the remainder of the chapter as follows: first, deciding who to anonymize; 

second, deciding how to deploy anonymization; third, deciding when to anonymize; and 

fourth, deciding where to anonymize.

 Who to Anonymize
Anonymous code reviews can take different forms. One option is to anonymize the 

author identity to mitigate any biases that may emerge based on social cues deciphered 

from the author profile or identity. The other option is double anonymous. We believe 

the first option is a better option, since code reviewers act as gatekeepers and already 
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occupy the power position in this relationship. Further, there is a possibility that reviewer 

anonymity can lead to more destructive criticism, which is already a concern in open 

source [2].

 How to Deploy
There are different levels at which AACR can be deployed, ranging from the individual to 

the entire organization. Here we discuss several approaches.

Authors: An AACR option can be authors choose particular changelists or have 

all their changes be anonymized. We did not choose this option because reviewers 

may interpret this as authors not trusting them to evaluate their code objectively. 

Additionally, if people from marginalized communities are the ones who face 

pushback and turn this option on, this by itself would signal their identity, thereby 

perpetuating biases.

Reviewers: Another AACR option is to allow reviewers to opt in to reviewing all 

incoming changelists with the author identity hidden. This has the benefit of avoiding 

confusion when the author’s identity is hidden in a changelist, since the reviewer is 

aware they opted into this feature. We allowed reviewers to break the glass to reveal 

the author’s identity, in cases where more context is needed. This ensures that AACR 

does not block a review from moving forward. One drawback with this approach is that 

reviewers who are aware of unconscious biases in code reviews – and try to combat 

them – may be more likely to opt in, yet those who do not opt in would arguably 

benefit more.

Leadership: AACR could also be deployed in a top-down manner, at the behest of 

leadership. However, our prior experiment suggests that developers tend to prefer to 

retain control of whether or not they use anonymous code review [3]. Furthermore, our 

experience has been that there are two “chicken and egg” problems with a top-down 

approach. First, missing desirable features – such as indications of what time zone an 

anonymized author is in – tend to be more of a blocker for organizations than for self- 

selecting individuals. Yet significant feature investments in AACR are less justifiable 

without an existing, significant user base. Second, organizations tend to want evidence 

that AACR will solve inclusion problems, but a large user base is necessary to detect 

statistically significant effects.
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Review types: This feature can be enabled for specific types of reviews, rather than 

being dependent on who the author or reviewer of the changelist is. One type of review 

that seems appropriate for anonymizing this way are large-scale changelists where 

an author is making a change across the entire codebase and sends out small reviews 

to each team whose code was impacted. Examples of large-scale changelists include 

changing an API method name or upgrading a specific build dependency. Reviewing this 

type of changelist is much less complex than changelists that are modifying behavior or 

features, so the identity of the author should not be relevant. Google readability reviews 

are another example of a type of review that is appropriate for always anonymizing the 

author. These reviews are performed after a changelist has already been approved by a 

teammate, as shown in step 8 of Figure 19-1, and the review is limited to ensuring the 

code conforms to language-specific best practices.

 When to Anonymize
There are several ways one can implement AACR so that changelists are anonymized 

and deanonymized at various times.

During review: A common concern raised with anonymizing the author of 

changelists is that developers will be less familiar with what work their colleagues are 

doing. To mitigate this issue, we implemented AACR such that as soon as the code is 

merged into the codebase, at step 9 of Figure 19-1, the identity of the author is no longer 

anonymized. We had considered going a step further and revealing the identity of the 

author as soon as the reviewer gave their mark of approval for the change to be merged 

(step 7 of Figure 19-1), but we found it is a relatively common practice to give approval 

before all the review comments are resolved. This is especially common when reviews 

are done across time zones and reviewers don’t want to slow down the author.
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Figure 19-2. Implementation of AACR in the Critique Code Review Tool at Google

Human authors: After releasing this feature, we realized that we had anonymized 

changelists sent by robot authors. Large-scale refactorings are sometimes done by 

sending out automatically generated small changes, with the author set as a non- 

human account. It turned out that looking at the author was one of the primary ways 

reviewers determined that they were performing a review of a large-scale change. Before 

we implemented a fix to never anonymize non-human accounts, reviewers who had 

anonymization on would sometimes even try to communicate with the robot author in 

the code review tool, unaware it wasn’t a real person.

 Where to Anonymize
The basic idea behind anonymous author code review is to hide the author’s identity 

from reviewers in the code review tool. Figure 19-2 shows a picture of how we replaced 

the author’s username at the top of a code review with an anonymous animal.

The author of a change request is not only available via the code review tool but 

also in a suite of tools related to it. Here are some places where the author of the change 

request is discoverable outside of the code review tool:

• In a task-tracking tool, which is often linked from the changelist

• In a tool that displays the results of running the predefined set of 

continuous integration tests for each proposed code change, which is 

always linked from the changelist
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• In an extension that notifies developers of any new tasks, code 

reviews, etc. that are assigned to them

• In emails sent by the code review tool when there are updates to 

the review

Additionally, within the code review tool, there were places the author’s name 

appeared that we weren’t expecting:

• In other changelists in the same chain of changelists

• In the workspace (or branch) name

• As part of the directory structure of the code being modified

• In the code itself

Some of the items mentioned here have a clear best solution. For example, the name 

of the workspace (or branch) is not relevant to reviewing the content of the code, so can 

either be omitted entirely or hidden if it contains the author’s name. However, many of 

these items have legitimate reasons to keep the author’s name visible. In the following 

we outline the most contentious of the issues.

 Chains of CLs
A relatively common practice within Google is to split code changes into small 

reviewable pieces and send them for review as a chain, or stack, of changelists. Each 

changelist in the stack links to the others in case the reviewer wants to see more context 

about the full change, as seen in Figure 19-3. If a reviewer of a changelist in such a stack 

has the author identity hidden, then the author’s identity should also be hidden when 

viewing any other changelists in the stack, to avoid deanonymizing the author when the 

reviewer is simply trying to get more context for their review. However, if any changelists 

in the stack are already merged into the codebase, the author’s identity will be revealed 

because anonymization is only applied during review as discussed previously.
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Figure 19-3. How the code review tool displays a chain of CLs, all written by the 
same author

 Email Notifications
Anonymizing the content: Anytime there is an update to a changelist (e.g., the code is 

updated by the author or new comments are made in the code review tool), an email 

summarizing the review activity is sent to the author of the change and all reviewers. 

We modified the content of the emails to omit the identity of the author where it wasn’t 

necessary and used the generic term “CL author” when it was necessary to refer to the 

author of the CL. See Figure 19-4 for an example of such an email.

Anonymizing the recipient list: One unintended consequence of allowing 

individual reviewers to opt in was that a single code review could have a mix of 

reviewers, some using the anonymization feature and some not. When any summary 

email is sent out, it is sent as a single email to all reviewers and the author. Since the 

author is one of the recipients, this would effectively deanonymize the author for any 

reviewers of the CL. One proposed solution to this problem was to send a separate email 

to each reviewer and a separate email to the author. However, having a single email 

thread that includes all reviewers and the author is a feature that many reviewers rely on 

for communication about the changelist. For example, some users check their email on 

a mobile device while not at the office and reply to the email as a way to alert everyone 

else that their review will be delayed. In the two years since this feature was released, 

there is still no way for users who are reviewing anonymously to view summary emails 

without risking deanonymizing the author. Our recommendation for users who turn this 

feature on is that they filter out the email notifications from their inbox, which is not an 

ideal experience for users, especially those who rely on the email notifications in their 

workflow.

Identifying author-anonymous reviewers: When a user is first assigned to review a 

changelist, an email is sent out to all existing reviewers (if any) and the author notifying 

them that a reviewer has been added. We made the decision to explicitly alert the author 
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when a reviewer is reviewing their code anonymously for a couple of reasons. First, so 

the author would be aware that talking to their reviewer outside the code review tool 

(in person or via chat) would deanonymize the review. Second, so the author wouldn’t 

be confused if the reviewer made a comment that would be considered strange if the 

reviewer had known the identity of the author. For example, a reviewer who doesn’t 

know the identity of the author might say something like “Will you be able to release this 

to production next week?”, and if the author is a colleague who is going on leave the next 

day, it might be taken differently than intended. For these reasons, anytime someone 

is added who will be reviewing a changelist with author identity hidden, a sentence is 

added to the bottom of the email saying “[user] is reviewing this CL with author identity 

hidden via Anonymous Code Review[link to documentation].” One unexpected result of 

adding this text was that it served as an advertisement for AACR. This allowed for feature 

adoption to grow organically.

 Within the Code
Occasionally the identity of the author appears in the code itself. One common reason 

this happens is the author leaves a “TODO” in the code that includes their username 

and a description of what is left to do in a future change. Some less common ways 

Figure 19-4. A summary email referring to the author as “CL author” to avoid 
identifying them. Here, Jill Dicker (jdicker) is reviewing the changelist with the 
author’s identity hidden. For reasons discussed in the main text, the author of the 
changelist (Lanting) is visible in the email recipient list.
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the author’s identity is visible in the code are if the author is adding code to their own 

personal directory that includes their username or when authors use their own name 

when writing unit tests. In weighing the benefits of preserving anonymity at the cost of 

no longer showing the true code that will be submitted into the codebase, we decided 

the risk and confusion of changing the content of the code was not worth it.

 Linked Bug Reports
In many code review systems, it’s common to link a change being reviewed with a 

bug or bugs that are related (Figure 19-1, Step 1). This is useful for a code reviewer to 

understand more about the code change, especially understanding the rationale for 

why the change was necessary in the first place. Typically, the author of the change is 

the same person who is assigned to the linked bug report. This presents a challenge for 

AACR, since reviewers who look at the linked bug may see the identity of the assignee 

and reasonably infer that this person is the change’s author.

The solution is to anonymize the assignee of the linked bug report. In our 

implementations, we chose not to do this, mostly due to technical complexity; the code 

review and the bug systems are independent codebases, so looking up which code 

reviews are anonymized from the bug tracker is nontrivial. A robust implementation, 

however, would likely be (a) only anonymize assignees when the bug viewer is also 

reviewing a linked code review with AACR and (b) perform consistent anonymizations 

across the code review tool and bug tracker, that is, use the same anonymous animal 

for each.

 Discussion
Designing, implementing, and using anonymous code review has helped us think more 

deeply about bias in software development tools. A broader question that AACR raises 

is, what information is relevant and what information is irrelevant when performing 

software development tasks, and when should irrelevant information be hidden?

From a principled design perspective, by excluding irrelevant information – in 

this case, a code author’s identity – we aim to reduce the influence of bias. From that 

basic principle, we can examine where else irrelevant information should be removed. 

One idea here is issue trackers, where participants – issue reporters, triagers, and 

implementors – work collaboratively to decide if, when, and how a bug should be 
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fixed or a feature should be implemented. Analogous to code review, it’s plausible that 

people from marginalized identities may face more negative outcomes; for instance, 

we might predict that issues filed by men would be more likely to be fixed than issues 

filed by others. For such tools and tasks, anonymization may also be a promising path to 

reducing the impact of bias and increasing diversity and inclusion.

At the same time, removing identity from software engineering systems is a blunt 

tool for a more specific problem. That is, identity per se isn’t the thing that activates 

people’s biases, but rather it’s a proxy for demographic identities, such as historically 

marginalized genders, races, ages, and so on. Because it’s difficult to mask only a 

person’s demographic identities, in anonymous code review, we instead mask the 

entirety of their identity. But this comes with a hidden disadvantage, which is that 

identity carries useful signals that the anonymization masks. For instance, reviewers who 

use AACR say they do need to know authors’ time zones, so that they can decide when to 

do a review [3]. But even revealing time zone is potentially fraught. For instance, because 

Asian authors typically get more pushback than White authors [4], knowing that an 

author is in Indian Standard Time suggests the author is more likely to be Indian. What 

we’ve concluded is that deciding what information to reveal about a developer is more 

complicated than it appears at first glance.

Another facet of identity that might be useful to reveal during anonymous code 

review is to indicate whether the author is on the same team as the reviewer. Preference 

data reveals that most anonymous code reviewers think that this facet would be useful or 

essential to know, but a nontrivial proportion think that knowing it could be harmful [3]. 

To us, the lesson here is that user preferences should be gathered and considered, but 

that other information needs to be taken into account when deciding how to implement 

anonymization. Indeed, we might ask whether anonymous code reviewers are even in 

a good position to know whether revealing some facet of identity will be harmful or not. 

Rather, directly measuring harm through empirical research may be a more fruitful path.

However, our experience has been that even direct measurement isn’t a panacea for 

decision making. For example, while our previous data on code review shows that folks 

from marginalized groups tend to face disproportionate pushback, it also shows that 

more junior code authors tend to face more pushback than more senior ones. Based on 

this result, should we conclude that junior authors are discriminated against? On one 

hand, it seems plausible that people see a junior developer and assume they’re not as 

competent as a more senior one, independent of the developer’s actual performance. 

On the other hand, senior developers usually do become more competent as they 
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gain experience, so arguably the data does not suggest the presence of undue bias. So 

whether a code review system should display an author’s seniority remains an open 

question, even in the presence of data. The lesson that we have drawn from this is that 

some design decisions should be data-driven and others need not be. A good researcher, 

designer, or leader should know which is which.

 Conclusion
Code review is a process where biases can taint reviewers’ judgements, and anonymous 

author code review is one technique designed to reduce the impact of such biases. 

Our experience implementing and deploying anonymous author code review has 

demonstrated that implementing it in a modern code review ecosystem is not as trivial 

as one might imagine. We hope that the lessons we’ve shared in this chapter are helpful 

for others who are considering implementing it in their tools and organizations.
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Mentorship is a relationship in which a more experienced or more knowledgeable person 

(a mentor) helps guide a less experienced or less knowledgeable person (a mentee); here 

we draw upon mentor role theory, which holds that mentorship often acts as a vehicle for 

both career development and psychosocial support, with the end goal of cultivating the 

mentee’s whole self [14]. While mentorship can benefit everyone, studies have shown that 

positive mentorship experiences are especially significant for members of underrepresented 

groups. A 2019 report by the National Academies of Sciences, Engineering, and Medicine 

(NASEM) found that mentorship can be a powerful tool for cultivating professionals from 

underrepresented groups in STEMM fields [7]; through a close working alliance with a 

mentor, women and minority mentees can acquire not just the skills they need to succeed 

but also an affirmation of belonging and professional identity that is so crucial to retention.

In this chapter, we examine the practice of mentorship as a strategy for the 

retention of women in OSS contexts. Scholarship in recent years has drawn attention 

1 The first and second authors contributed equally to this chapter.
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to the importance of diversity, equity, and inclusion in growing and sustaining open 

source software (OSS) communities [SE6]. Along gender lines, women developers are 

underrepresented in OSS projects and have a higher disengagement rate than men [17]. 

Studies suggest that a mix of factors such as gender bias [SE15] and a lack of confidence 

[SE30] affect rates of early disengagement; as Singh and Bongiovanni put it, women in 

OSS must engage in “vexatious labor” to prove their worth and maintain their place in 

the community [18]. One interpretation of the data is that women contributors to OSS 

seek a “sense of belonging” that is held at risk by barriers to inclusion [13, 19, 22].

While mentorship has been shown to be an effective mechanism for onboarding 

support in OSS development [3, 9, 11, 21], the connection between mentorship practices 

and diversity and inclusion (D&I) has been understudied in software engineering. 

Numerous studies outside of software engineering, however, have linked mentorship 

with diversity and inclusion [5, 6, 7, 8, 10, 24]. Here we see an opportunity to leverage 

insights from the broader literature on mentorship to help frame the challenges faced by 

women contributors to OSS and how inclusive mentorship practices may help address 

those challenges.

To that end, we present findings from a cross-disciplinary review of mentorship 

among women professionals in OSS contexts. Following the guidelines by Petersen 

et al. [16], we investigated the challenges women protégées face in OSS and possible 

strategies that may help overcome those challenges. To further enrich our understanding 

of these barriers and strategies, we conducted a second mapping study on the challenges 

faced by women in mentorship in the broader literature outside software engineering. 

This approach enables us (1) to situate OSS mentorship in the broader context, (2) to 

compare and contrast the experiences of women professionals across disciplines, and 

(3) to surface additional strategies for ensuring the retention of women in OSS through 

mentorship.

 Background
There is a growing body of evidence pointing toward mentorship as a key mechanism 

for onboarding and retention in open source communities, and researchers in recent 

years have sought to understand the practice of mentorship in OSS – especially as it concerns 

newcomers. Fagerholm et al. [9] examined how mentoring and project characteristics 

influence the effectiveness and efficiency of onboarding. Balali et al. [2, 3] and Steinmacher 

et al. [SE26] have investigated mentorship in OSS, the challenges the mentors and 
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mentees face, and the strategies they use to navigate those challenges. While formal 

mentorship programs are less common outside of large open source communities, 

findings from Feng et al. suggest that informal mentorship relationships between junior 

and senior contributors are widespread in OSS projects [SE11].

With regard to women in OSS, Balali et al. have called attention to gender-specific 

challenges faced by women receiving mentorship, including confidence issues, 

differences in communication styles, and underestimation of their skills by their peers 

[3]. Work by Ford et al. arrived at similar findings in a study of the Stack Overflow 

community [12]; the authors found that women are more likely than men to doubt that 

they have the level of expertise needed to contribute and to feel overwhelmed when 

competing with a large number of other contributors and recommended mentorship 

as a strategy for helping address them. Meanwhile, a recent literature survey by 

Trinkenreich et al. on women’s participation in OSS recommends training mentors to 

better guide women newcomers [23]. Singh et al. highlight a need for more same-gender 

mentoring between women in OSS and that communities should reward and recognize 

women who help onboard and mentor others [18].

We note that the potential for mentorship to create a more inclusive climate for 

women professionals is not unique to OSS. Indeed, while mentorship in software 

engineering has received increasing attention in recent years, this scholarship represents 

only a small fraction of the broader mentorship literature (cf., a cross-discipline analysis 

of mentorship by Lefebvre et al. [15]), including literature on mentorship and diversity 

and inclusion (D&I); we see opportunities to leverage that wealth of knowledge to 

inform mentorship practice in our domain. As noted by Wagner et al., for topics that 

span different disciplines, “the discovery of different methodologies, operationalizations, 

constructs, or relationships from other disciplines may inspire further research and 

ultimately broaden and enrich the understanding” of a given topic [25]. For mentorship 

in particular, Allen and Eby recommend taking a cross-disciplinary view as this allows 

“researchers and practitioners to obtain a richer and more inclusive perspective of the 

primary themes of mentoring research and practice” [1].

 Methodology
The goal of our work is to identify challenges mentors and women mentees face in 

OSS contexts and possible strategies that may help overcome those challenges. To do 

this, we performed a cross-disciplinary twin systematic mapping study. That is, using 
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established guidelines [16], we conducted two mapping studies (see Figure 20-1): the 

first targeting OSS mentorship literature and the second targeting comparable literature 

on mentorship of women in other disciplines – the latter is an offshoot of a broader, 

ongoing systematic literature review on the meaning of mentorship across disciplines. 

Using these results, we synthesized a systematic map (Figure 20-2) to provide an 

overview of the best available evidence on this subject. The following research questions 

guided the study:

RQ1 What are the challenges that women mentees face in an OSS project? How do 

these challenges compare to those faced by women mentees in other disciplines?

RQ2 What strategies can help overcome the challenges faced by mentors and women 

mentees in OSS projects? Are there additional strategies from the broader mentorship 

literature that could be applicable to OSS contexts?

We opted to use Google Scholar because it provides a single point of access to 

multiple data sources both inside and outside of software engineering and its support 

for Boolean expressions. After several rounds of iterative refinement, we selected the 

following search strings

Search Query String

(S1) Mentorship of Women 

in oss Contexts

mentoring anD (onboarding or challenges or barriers) anD (female or 

women or gender) anD (oss or "open source software")

(S2) Mentorship in other 

Disciplines

mentorship anD (mentorship or mentoring or mentor*) anD 

(characteristics or qualities or outcomes or barriers or facilitators)

together with the following inclusion (IC) and exclusion criteria (EC):

Figure 20-1. An illustration of the methodology used to collect and assess evidence 
from scholarly literature on the mentorship of women
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IC1 The study presents an approach to mentoring women either in an OSS project or 

similar organizational contexts.

IC2 The study describes challenges or barriers of women in an OSS project or similar 

organizational contexts.

IC3 The study evaluates mentoring women or newcomers in an OSS project or 

similar organizational contexts.

IC4 The abstract of a study mentions both women and mentorship, and from the 

abstract it is clear that the paper can be used to answer one of our research questions.

EC1 The study is not peer-reviewed.

EC2 The study is not written in English.

We executed our search on OSS mentorship on December 14, 2020, and the search 

on mentorship more broadly on April 10, 2022, each returning the top 1,000 search 

results mined from Google Scholar. The papers were evaluated following the Google 

Scholar ranking against the inclusion and exclusion criteria. For each corpus, the authors 

used open coding techniques to extract concepts and topics surrounding barriers to and 

strategies for the mentorship of women and constructed a mapping to organize what is 

known. Of note, when analyzing studies on mentorship outside of software engineering, 

we coded both claims directly made by studies and claims alluded to in sources cited; for 

example, [GL22] examines the mentorship of women in policing and cites other relevant 

sources on the experiences of women in that profession. This allows us to capture the 

state of practice across different disciplines and their respective bodies of knowledge.

 Results
In total, 43 papers met the inclusion criteria for mentorship of women in OSS (S1), and 

53 papers met the inclusion criteria for mentorship of women in other professional, 

non-SE contexts (S2). The papers on OSS mentorship discuss both formal [SE19] 

and informal mentoring [SE16], mentoring in Apache projects [SE3] and via summer 

programs such as Google Summer of Code [SE25], mentoring programs designed for 

women and minority groups such as Outreachy and Rails Girls Summer of Code [SE25], 

as well as mentoring programs targeting all newcomers. Most of the papers have been 

published between 2015 and 2020, in venues targeting software engineering (e.g., ICSE, 

FSE) and collaborative work (e.g., CSCW). The papers in our cross-disciplinary corpus, 

meanwhile, cover the mentorship of women in diverse professional contexts, including 

higher education [GL6], primary and secondary school teaching [GL18], executive 
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boardrooms [GL4], health and fitness [GL15], medicine [GL24], and policing [GL22]. 

These papers were published between 2007 and 2021 and were spread evenly over a 

wide range of venues.

The results of the mapping study on these corpora are summarized in Figure 20-2. 

With respect to the challenges that women mentees face in seeking mentorship, we 

grouped these into personal, relational, and organizational barriers. With respect 

to strategies that can help, there are two broad categories: (1) adopting mentorship 

practices that make mentorship more accessible and effective (e.g., encouraging 

mentees having multiple mentors) or that may particularly benefit women mentees 

(e.g., same-gender mentorship) and (2) policies that can be implemented at a project 

or organizational level to build effective routines for inclusive mentoring (e.g., training 

and monitoring mentorship progress). A third category (Other Strategies) was added to 

capture innovative ideas that did not neatly fit into the first two groups. Here, we weave 

together insights from the OSS literature with comparable evidence on the mentorship 

of women in other disciplinary contexts in order to provide a richer perspective on the 

challenges women face and concrete methods for overcoming those challenges.
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Figure 20-2. Our systematic map of challenges faced by women mentees and 
strategies to overcome those challenges based on both our cross-disciplinary 
and OSS-specific corpora. Barriers and strategies that were attested in the OSS 
literature are labeled.
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 RQ1. What Are the Challenges That Women Mentees Face 
in Receiving Mentorship in Professional/OSS Contexts?
(Personal) Women are seen and/or see themselves as less capable: A recurring theme 

among the studies in our cross-disciplinary corpus is that women are frequently both 

seen and may see themselves as less capable than men. In male-dominated industries, 

women are often viewed as outsiders whose competencies are – by default – in question 

[GL13, GL21]. This is especially true for women who belong to multiple minority groups, 

such as women of color in higher education, who frequently find themselves “having 

their authority challenged while having their qualifications and intelligence questioned” 

[GL5]. As a result, women professionals may be reluctant to seek mentorship for fear of 

appearing incompetent or in need of help [GL7].

In OSS: Bias against women and negative assumptions about their ability to 

contribute are a prominent factor driving the underrepresentation of women in OSS 

[SE15]. Terrell et al. [SE28] showed that the acceptance rate of pull requests of women is 

higher than that of men when women hide their gender, but lower when they reveal their 

gender. Women contributors may internalize these negative perceptions; Balali et al. 

found that women’s sense of self-efficacy is lower than men’s and that women feel less 

comfortable and less accepted by male counterparts [SE3]. It is worth noting, however, 

that Bosu and Sultana found that gender bias is not always prominent in OSS projects 

[SE6]. Studying gender diversity and inclusion in OSS projects through analysis of code 

review repositories, their results show that three out of the ten projects indicate technical 

biases against women developers, including lower code acceptance rates as well as 

delayed feedback during code reviews for women.

(Personal) Women are perceived as competing priorities in the home: Women in 

the workforce frequently face countervailing demands in the home and at work that can 

affect how they perceive mentorship. Ghosh and Haynes observe that in many cultures 

“women are taught to think of their career aspirations to be secondary and to give family 

priority over work” [GL13]. As an example of this, Leck et al. note that “while male 

protégés may perceive outcomes of mentoring as valuable (e.g., getting a promotion), 

women may not because promotions are typically accompanied by increased 

responsibility which may impinge on other activities women value, such as child care 

and family time” [GL7]. Mismatches in priorities and expectations around mentorship 

on both sides can lead to less successful and productive mentor-mentee relationships.
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In OSS: We did not find evidence for gendered expectations around work life and 

home life in OSS contexts as in our cross-disciplinary review. We hypothesize that this 

may be due to several factors, including the degree and duration of involvement in OSS 

projects (i.e., women’s careers in the workforce play out over their entire life course 

vs. involvements in OSS projects, which may be more episodic) and/or demographic 

differences (i.e., with respect to age and family status). There is some evidence, however, 

to suggest that women may express different motivations to join OSS projects compared 

with men. Balali et al. found that women contributors were more likely to report joining 

an OSS project out of excitement rather than a sense of obligation [SE3]. Barcomb 

studied retaining voluntary episodic contributors in OSS software communities and 

thereby took gender as one of the moderating effects [SE5]. Although not supported 

with significance due to a small number of women in the sample size, results suggest 

large differences between men and women; women had higher path coefficients for 

contributor benefit motives, social norms, psychological sense of community, and 

community commitment and a lower path coefficient for satisfaction than men.

(Personal) Women have to adapt to male standards of behavior: As a result of 

stereotypical gender roles – both those imposed and internalized – women professionals 

who want to get ahead of their careers often must change how they behave. Jones cites 

numerous sources that show how women frequently “mask their femininity or behave 

in masculine ways to deflect unwelcome attention, blend into the system and to achieve 

success” [GL22]. Case in point, women in many cultures are expected to be more passive 

and compliant than men, which may make women hesitant to speak up and ask for 

mentorship [GL2]. Likewise, Fowler notes that women professionals are frequently 

expected to say “yes” to work responsibilities because of the negative ramifications of 

saying “no” [GL3]; the author recommends that women mentees may benefit from career 

advice on how to navigate those conversations. Due to differences in communication 

styles between men and women, studies suggest that women are more likely to adjust 

their communication patterns to avoid misinterpretation and miscommunication, 

including in mentor-mentee contexts [GL1].

In OSS: Studies in OSS contexts have also identified differences in communication 

styles between men and women and expectations of conduct placed upon women as 

potential barriers. Imtiaz et al. comment on the “tightrope effect,” where women can 

only express a limited range of behaviors deemed socially acceptable [SE15]; being too 

polite or impolite has bigger negative consequences for women than for men, as men 

are often forgiven for their behavior and sometimes even rewarded for being brash. 
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Gallus and Bhatia found significant gender differences in people’s conversational 

styles when studying the role of gender in Wikipedia contributions [SE14]; the authors 

show, however, that differences in communication styles diminish when women reach 

positions of authority, illustrating how women must change their behaviors as they 

“climb the ladder.” Meanwhile, Balali et al.’s study [SE3] shares reports of women on the 

differences in communication style and these causing men to come off as creepy.

(Relational) Inappropriate behavior from mentors and/or perceptions of 
impropriety: Because mentorship traditionally involves a more senior person guiding 

a less experienced junior, the power dynamics can make mentees vulnerable to 

mistreatment or exploitation. For example, mentees may experience bullying or incivility 

from their mentors and not be in a position to push back [GL11]. These issues can be 

especially pronounced for women mentees. In fields where men outnumber women, 

mentor-mentee relationships are frequently cross-gender, which can raise suspicions 

of sexual or romantic impropriety [GL7]; concerns about how the relationship may 

be perceived may lead to mentors or mentees limiting their one-on-one interactions 

[GL13]. Of importance to our work, Leck et al. cite findings from multiple sources that 

online mentoring (or e-mentoring) may reduce the impact of differences of age, gender, 

and race in mentor-mentee relationships [GL16].

In OSS: In OSS contexts, studies have observed how harassment and sexually 

charged environments can drive away women participants. Nafus highlights how 

sexualized online environments include “willful inattention to offensive talk,” with one 

interviewee describing how male developers casually joked about women being raped 

[SE20]. Lin and den Besten [SE17] demonstrate that, in the open source development, 

languages or presuppositions or anecdotes cited for strategic communication can 

reflect certain types of cultures and they dominate the stage/field/platform. Humor is 

often used to create common ground and gain the attention and interest of people who 

might have the key to solving a problem. Unfortunately, what looks appealing to some 

groups will offend others. In a male-dominated environment, male humor dominates 

the field and tends to exclude consideration of women’s needs, values, and preferences. 

Meanwhile, a 2010 study by Powell et al. found that 50% of women contributors to 

OSS reported having witnessed gender-based harassment within the OSS community 

and that 50% experienced harassment themselves – 62% saying that harassment was 

a deterrent to participation in OSS [SE22]. To the best of our knowledge, the extent to 

which such project cultures affect the mentorship of women in OSS contexts has not 

been specifically studied, but the findings in our cross-disciplinary corpus would suggest 
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that women would be less likely to seek mentorship from men in such environments. In 

the interviews conducted by Balali et al., participants noted how women mentees would 

have conversations with women mentors that they probably would not have had with 

men mentors [SE3]; this can be a problem because the success of mentoring decreases 

when mentees feel like they cannot share all their concerns with their mentors.

(Relational) Mentors reluctant to mentor women: Several papers in our cross- 

disciplinary corpus reported mentors being reluctant to support women mentees due to 

in-group/out-group biases and/or concerns about underperforming mentees harming 

the social status of their mentors. McDonald and Westphal found that men in corporate 

executive roles provided relatively more mentorship to men who were first-time 

directors compared with women and suggested that this may be due to in-group/out- 

group bias as women may be seen as outsiders or less relatable [GL4] (see also [GL12]). 

Women mentors, meanwhile, may be judged by how well their mentees perform, 

leading them to be more selective in whom they mentor; in a study of sports mentorship, 

Harden et al. observe “female mentors in leadership position are concerned about their 

reputation if a protégé makes a mistake. Essentially, the female mentor believes this has 

a negative impact on her ability as a leader” [GL14].

In OSS: In the context of OSS, recent work by Feng et al. found that 93.81% of implicit 

mentoring interactions in OSS projects were between same-gender pairs and that 

women were more significantly more likely to participate in cross-gender mentoring 

than men [SE11]. The authors suggest that unconscious bias and the tendency for people 

to preferentially interact with others like themselves may explain why men mentors tend 

to mentor other men.

(Relational) Women less likely to be included and less likely to receive 
mentorship: In our cross-disciplinary corpus, we identified a recurring theme of women 

being less likely to be included in workplace activities, limiting their opportunities to 

find and establish relationships with potential mentors. A review of mentorship in higher 

education by Fowler finds that “women reported feeling less included in discussions 

about research, teaching, and promotion and three times less likely to receive career 

help from colleagues than men […] Such exclusion, whether intentional or not, is a major 

barrier to achievement” [GL3] (see also [GL11]). In policing, Jones argues that findings 

such as these suggest that “compared to their male counterparts, women may have fewer 

formal and informal opportunities for developing mentoring relationships” [GL22]. 

According to Kalpazidou and Faber, having fewer opportunities to network and learn 

from others may be a driving factor in women professionals exiting their careers [GL10].
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In OSS: For OSS projects, it is crucial to adequately integrate newcomers into 

projects, but resources for mentorship can be limited. Balali et al. have observed that 

a lack of time for mentoring is a significant barrier for mentees to receive mentorship 

in general [SE3]. Meanwhile, Fiesler et al. note there is a perception that mentorship 

responsibilities can distract mentors from doing core work on projects [SE12]. Women 

contributors may be particularly sensitive to insufficient support during onboarding.

(Organizational) Male-gendered environments disadvantage women in 
mentorship: For the purposes of our work, we follow the definition of male-gendered 

industries given by Ramaswami et al. [GL21]: industries where either (1) men make up 

75% or more of the workforce or (2) the profession is male-stereotyped (e.g., aggressive, 

competitive, engineering-intensive, etc.). Studies suggest that the culture, norms, and 

practices of male-gendered professions tend to put “outsiders” (women and minorities) 

at a disadvantage. In medicine, McNamara et al. argue, “Mentoring challenges faced by 

women in health care may arise from a clash between social roles and a male-dominated 

hierarchical medical culture” [GL2]. Similar findings are reported by Kalpazidou and 

Faber in higher education, where women researchers frequently report a lack of culture 

fit in academia and a greater sense of isolation relative to men [GL10].

In OSS: The OSS community fits with the definition of a male-gendered working 

environment. Not only do women make up a small minority of OSS contributors, the 

disparities are especially pronounced among top contributors; Wang et al. found that 

only 3% of the top 5,000 developers on GitHub are women [SE30]. Using our cross- 

disciplinary corpus as a guide, this hints at a possible culture mismatch for women in 

OSS and that women participants would become attuned to these issues. Indeed, Prana 

et al. found that women place greater importance on the social aspects of participating 

in OSS projects relative to men [SE23]; according to their study, women value selecting 

a project that has friends and colleagues on it more so than men (64% of women vs. 25% 

of men), and more women find having a shared gender identity with fellow contributors 

to be important compared with men (37% of women vs. 1% of men). That is, women are 

more likely to seek social signals that indicate that a project will make room for them and 

others like themselves. Gender-related biases in male-gendered environments can also 

manifest in subtle ways through work practices and tools. For example, Mendez et al. 

[SE18] found that tools and infrastructure in OSS projects are implicated with causing 

gender biases. Their study showed that in 88% of the barriers, self-efficacy was identified; 

that is, for women newcomers with a lower sense of self-efficacy, tool issues can further 

erode their confidence. A follow-up study by Padala et al. [SE21] found that even when 
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tool biases affect both men and women, women can be disproportionately affected: for 

example, a lack of support for cognitive diversity in OSS tools disadvantaged women 

significantly more than men.

(Organizational) Lack of women in top positions: A common problem in male- 

dominated industries is the concept of the “old boys’ network,” where men in power 

preferentially hand down opportunities to other men, to the exclusion of women. In 

the context of primary and secondary education, Peters illustrates how “seasoned 

professionals (typically White males) have sought to assist protégés who are ‘younger 

versions of themselves’ […] As women have entered school leadership, they have 

experienced limited access to productive mentoring relationships, further limiting 

their access to school leadership positions” [GL18]. The lack of women at the top can 

become a self-fulfilling prophecy, as men mentors in leadership may associate gender 

with performance potential and the women mentors are unavailable to help lift other 

women up [GL6, GL7, GL13, GL21]. Meanwhile, women who do succeed and become 

leaders often find themselves overburdened by mentorship relative to their male peers. 

For example, Corneille et al. note how senior women of color in higher education may 

feel “an obligation to serve to honor the legacy of those who provided mentorship 

throughout previous generations” [GL8]; similarly in sports Bower describes how “the 

demand for female mentors creates a problem due to the shortage of women in the 

upper levels of the organization. When there is a shortage of women at upper levels 

of management, women in these positions are overburdened with women needing 

mentors” [GL17] (see also [GL23]).

In OSS: In a study of over 700 OSS projects, Canedo et al. found that while 5.35% of 

contributors were women, women were relatively underrepresented in top positions on 

projects, making up only 2.30% of the total number of core developers [SE8] (cf., Wang 

et al.[SE30]). Of note, the authors reported finding no differences in the work activities 

of core developers along gender lines. According to Steinmacher et al., this extends 

mentorship for developers more generally: men and women are equally likely to perform 

mentorship in OSS projects [SE26]. So while men and women senior developers may 

perform mentorship at similar rates, there are relatively few senior women available to 

offer mentorship in OSS projects. It is unclear, however, whether this actually translates 

into greater workloads for women; Feng et al. found that women provided more 

mentorship than men, but the effect size was small [SE11].
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(Organizational) Formal mentorship can fail to provide the support that women 
need: Even when organizations do recognize the value of mentorship and set up formal 

structures to encourage it, this does not guarantee that women will get the support 

that they need. In a study of mentorship of women in a medical residency program, 

McNamara et al. found that women’s relationships with assigned mentors tended to be 

transient and impersonal and that arbitrarily matching mentors to mentees did not go far 

enough in encouraging beneficial mentoring relationships [GL2]; in that study, the best 

mentor-mentee relationships grew organically from informal relationships. Researchers 

caution, however, that informal mentorship is not a panacea, as it tends to reproduce 

existing organizational and cultural barriers [GL10]. This also tracks with sources cited 

earlier showing how women tend to have less access to mentorship than men – having 

only informal mentorship channels may mean women receive no mentorship at all.

In OSS: Some OSS projects, particularly high-profile ones, have specialized programs 

with mentors’ selection criteria to identify mentors who are a good fit for the students 

[SE25], but formal mentorship practices are not widespread across projects. Literature 

suggests that OSS mentors are not usually formally trained and either voluntarily 

elect to mentor out of personal interest or are asked to do so by the community [SE4]. 

This could be a newcomer asking for help from a senior developer [SE10] or core 

members commenting on issues of newcomers, which is comparable to mentoring 

[SE24]. Relationships are then established between a more experienced developer 

and a newcomer after having had a couple of interchanges of email, leading up to 

exchanging personal messages on other platforms [SE9]. Kariri and Rodríguez [SE16] 

studied mentoring in the Stack Overflow community. Mentoring here also takes place 

informally; people help other people out by answering questions people post without 

being obliged to do so.

 RQ2. What Strategies Can Help Overcome the Challenges 
Faced by Women Mentees in OSS Projects?
(Mentorship Practices) Women mentees benefit from women mentors: Women 

benefit from having mentors of all genders. That being said, there are particular benefits 

in matching women mentees with same-sex mentors. Leck et al. cite numerous other 

works that show how “compared to cross-gender relationships, single-gender dyads 

alleviate the difficulty of mirroring ‘male behaviours,’ increase interpersonal comfort, 

and provide more psychosocial and career development support” [GL7, GL16]; we note 
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that Høigaard and Mathiseson ([GL9]) give a contrary result and did not find a significant 

difference between same-gender and cross-gender mentorships in their study in terms 

of psychosocial support or role modeling (n=36), which they attribute to all mentors 

in their study receiving training on mentorship and communication. Women lifting up 

other women may help break the cycle of women being underrepresented in OSS project 

leadership. Bosu and Sultana note that promoting and mentoring women to leadership 

positions as an effective solution to foster gender diversity in OSS [SE6].

(Mentorship Practices) Encourage having multiple mentors: Hybrid models of 

mentorship such as mentor networks, peer mentoring, and group mentoring can lessen 

the problem of not having enough women mentors to match to women mentees [GL13]. 

Moreover, Smith-Jentsch et al. remark that an advantage of online mentoring (as is the 

case for OSS) is that it is easier for mentees to enter relationships with a diverse network 

of mentors [GL1]. This diversity of mentors can span both personal backgrounds and 

skillsets; reporting on the needs of mentorship of black women in academia, Evans and 

Cokley explain how “a person of a different culture or sex may provide excellent research 

mentorship, but may not be able to sufficiently attend to African American women’s 

research interest or unique needs. For example, a primary mentor may be chosen for 

his or her research skills whereas a secondary mentor may be chosen to foster ethnic 

minority or sex/gender research and career interests” [GL5]. Likewise, for women 

contributors to OSS, having access to different mentors may help provide a stronger 

support network while also reducing the burden placed on individual mentors [SE12].

(Mentorship Practices) Make goals of mentorship (e.g., psychosocial support) 
explicit and anticipated outcomes: In general, having clear goals in mentorship helps 

ensure that the relationship is productive and impactful. For example, Trainer et al. 

found that task definition is an important design consideration in mentorship schemes 

[SE29]. Case in point, mentees working on user-facing, interdependent software develop 

both technical skills and social ties. According to the authors, it is important to structure 

mentees’ tasks so that can yield important learning and interpersonal benefits for the 

mentees; identifying what goals mentees have up front is key to matching them with 

tasks that advance those goals. Mentorship, however, goes beyond just skill development 

and career support but also encompasses psychosocial support, and this may be 

especially important for retention of women mentees [GL3, GL7]. Findings by Smith-

Jentsch et al. indicate that, all things being equal, psychosocial support tends to be less 

frequent in e-mentoring contexts [GL1]; for this reason, Leck et al. argue that mentors in 

e-mentoring contexts should be explicitly reminded that adequate psychosocial support 

is a necessary function of mentorship [GL16]. OSS projects that want to encourage 
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mentorship of women should be up-front about the purpose and intended outcomes 

of that mentorship and should think holistically about both career and psychosocial 

support aspects.

(Policy Instruments) Provide inclusivity-aware mentorship training: Mentorship 

programs should be geared toward inclusion through intentional training and guidance 

to raise awareness of the needs of women and minorities [GL3, GL5, GL19, GL20]. 

Studies indicate that having inclusive environments is significantly more important to 

women than men [GL7, GL15]. With the understanding that women may be less likely 

to seek mentorship (e.g., for fear of being seen as less capable), McNamara et al. argue 

that “[women mentees] should be educated about the importance of mentorship, given 

various strategies to initiate contact with potential mentors, and encouraged to actively 

seek and maintain their mentoring relationships” [GL2]. Likewise, as we mentioned 

earlier, gender-related differences in communication can create barriers for newcomers 

to OSS. Intentionally discussing these issues and challenging gendered humor [SE17] 

may promote a more inclusive environment. Brainstorming can also support minority 

team members’ engagement and satisfaction [SE2, SE13] by providing structure for all 

team members to voice ideas and by encouraging integration of every contribution.

(Policy Instruments) Monitor progress and allow women to exit dysfunctional 
mentor-mentee relationships: To minimize negative outcomes, mentoring programs 

should monitor the progress of mentees and enable them to exit from a mentor-mentee 

relationship that is not a good fit for them, and this may be especially important 

for online mentorship [GL1, GL7, GL16]; doing so also has the added benefit of 

creating opportunities to gather data and improve upon the mentorship program. 

Silva et al. [SE25] show that OSS projects can adopt mentoring coordination actions, 

such as monitoring mentors’ activities as a strategy to help the mentors with the 

challenges they face and reduce the odds of failure. While this can benefit all mentees 

during onboarding, it is significant for women contributors who may otherwise feel 

uncomfortable raising their concerns over a poor mentor-mentee relationship.

(Policy Instruments) Recognize and reward mentorship, especially mentorship 
of women: Mentorship requires a substantial investment of time and effort and should 

be rewarded accordingly [GL10]. Corneille et al. recommend highlighting mentorship 

success stories on institutional websites and that funding agencies should create 

incentives to encourage mentorship of women and minorities [GL8]. Other authors have 

suggested making space for mentorship by decreasing mentors’ workloads elsewhere, 

signaling that building mentor-mentee relationships is just as important as any other 
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activity [GL5, GL23]. That is, mentorship needs to be treated as a first-class contribution 

to projects, and mentorship of women and minorities should be especially prioritized.

(Other Strategies) Connect women with online support communities: Joining 

an online community can be a means to overcome the challenges faced by female 

software developers in an OSS project; for example, FLOSScoach is a community that 

helps increase the self-efficiency of newcomers in an OSS project [SE27]. Another 

study by Abanoz shows that social support mechanisms can provide the necessary 

support for individuals with the activities they carry out and they create the necessary 

environment for individuals’ motivations [SE1]. In this way, they enable individuals to 

perceive themselves in a better situation and perform actions in line with possible selves, 

improving the low self-efficacy of women software developers that is mentioned as a 

challenge in OSS projects.

(Other Strategies) Create more equitable working environments for women: 
Related to gender bias in tools, the GenderMag method proposes a solution [SE7]; 

GenderMag, short for Gender Inclusiveness Magnifier, is a method for identifying gender 

inclusiveness barriers in software and generating ideas to fix those barriers. Padala et al. 

[SE21] used this technique with OSS teams to improve newcomer experiences in OSS 

projects.

 Discussion
The goal of this study was to investigate the mentorship of women in OSS projects to 

support the onboarding process to prevent early disengagement of women in those 

projects. We observe that women in OSS face a variety of personal, relational, and 

organizational barriers to receiving mentorship. By situating the SE literature on this 

subject within a broader, cross-disciplinary context, we see these experiences are 

comparable to women professionals in other contexts.

By establishing that mentorship and women’s experiences of mentorship are 

comparable, this positions us to leverage theoretical insights and potential solutions 

from the broader literature. There are numerous approaches backed by evidence 

that can help ensure that women in OSS receive the mentorship they need, including 

adopting better mentorship practices, using policy instruments to promote a culture of 

mentorship excellence, and other strategies that increase women’s sense of belonging in 

the OSS community. This both reinforces the recommendations of SE researchers  
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(e.g., matching women mentees with women mentors) and also highlights strategies that 

have been relatively understudied in our field (e.g., mentorship training programs and 

reward mechanisms for mentorship).

As noted by Stoeger et al., a key issue in the design of mentorship programs is a 

lack of awareness of the state-of-the-art within mentoring research [20]; we believe that 

acquainting SE practitioners with insights from the broader literature may be helpful. As 

for SE researchers, we believe that the wealth of scholarly resources on mentorship in 

other domains presents opportunities for replication studies and other forms of cross- 

disciplinary dialogue.

As with any mapping study, our work focuses on providing a broad overview of the 

subject matter rather than an exhaustive and in-depth treatment of the literature; there 

are many more studies available to us, including more recent works that were not in 

scope at the time we carried out our search on the SE literature. Moreover, as this was 

a cross-disciplinary review, we faced limitations due to a lack of institutional access to 

certain journals and proceedings outside of our domain. We do believe, however, that 

we achieved sufficient coverage of the relevant literature to be able to tell an accurate 

story of women’s experiences in mentorship. We also note that neither mentorship nor 

the experiences of women professionals are entirely the same across disciplines. The 

literature we drew upon comes to us from multiple, distinct traditions of mentorship 

research and practice. We do argue, however, that the findings we present from our two 

corpora are complementary even if they are not perfectly comparable.

 Conclusion
Mentorship is a widespread professional practice across numerous domains for 

developing talent and fostering enduring communities of practice and one that deserves 

special attention in meeting the personal and professional needs of members of 

underrepresented groups. In this chapter, we presented initial findings from a systematic 

mapping study on mentoring women in OSS projects. Using sources both from within 

SE research on OSS and mentorship literature in other fields, we identified challenges 

experienced by women mentees as well as strategies that can be used to overcome these 

challenges. We hope that our work helps enrich the discussion on how mentorship 

can play an instrumental role in promoting diversity, equity, and inclusion in software 

development practice.
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Table 20-1. Selection of sources from literature review on mentorship of women in 

the general (non-SE) literature

Label Reference

gl1 Ka smith-jentsch, sa scielzo, and Cs yarbrough. a comparison of face-to-face and 

electronic peer-mentoring: interactions with mentor gender. elsevier, 2008

gl2 MC Mcnamara, Ma Mcneil, and j Chang. a pilot study exploring gender differences 

in residents’ strategies for establishing mentoring relationships. in Medical Education 
Online. taylor & francis, 2008

gl3 jl fowler. academics at work: mentoring in research, teaching, and service. in 

International Journal for Academic Development. taylor & francis, 2017

gl4 Ml McDonald and jD Westphal. access denied: low mentoring of women and 

minority first- 

time directors and its negative effects on appointments to additional boards. in 

Academy of Management Journal. journals.aom.org, 2013

gl5 gl evans and Ko Cokley. african american women and the academy: Using career 

mentoring to increase research productivity. psycnet.apa.org, 2008

gl6 a allen and Br Butler. african american women faculty: towards a model of coethnic 

mentorship in the academe. in Journal of Progressive Policy & Practice. caarpweb.org, 

2014
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Label Reference

gl7 j leck, B orser, and a riding. an examination of gender influences in career 

mentoring. Wiley online library, 2009

gl8 M Corneille, a lee, s allen, and j Cannady. Barriers to the advancement of women 

of color faculty in stem: the need for promoting equity using an intersectional 

framework. emerald.com, 2019

gl9 r høigaard and p Mathisen. Benefits of formal mentoring for female leaders. radar.

brookes.ac.uk, 2009

gl10 e Kalpazidou schmidt and st faber. Benefits of peer mentoring to mentors, female 

mentees and higher education institutions. taylor & francis, 2016

gl11 M Cross, s lee, h Bridgman, DK thapa, and M Cleary. Benefits, barriers and enablers 

of mentoring female health academics: an integrative review. journals.plos.org, 2019

gl12 l searby, j Ballenger, and j tripses. Climbing the ladder, holding the ladder: the 

mentoring experiences of higher education female leaders. awl-ojs-tamu.tdl.org, 

2015

gl13 r ghosh and rK haynes. Cross gender mentoring in the era of globalization: 

implications for mentoring the organizational women of india. in Online Submission. 

eriC, 2008

gl14 sl harden, ra Clark, and WB johnson. Cross-gender mentorship in clinical 

psychology doctoral programs: an exploratory survey study. taylor & francis, 2009

gl15 gg Bower. Developing effective mentoring relationships with women in the health 

and fitness industry: suggestions from the perspective of the protégé. journals.

humankinetics.com, 2008

gl16 jD leck, C elliott, and B rockwell. e-mentoring women: lessons learned from a pilot 

program. clutejournals.com, 2012

gl17 gg Bower. effective mentoring relationships with women in sport: results of a meta-

ethnography. in Advancing Women in Leadership Journal. awl-ojs-tamu.tdl.org, 2009

Table 20-1. (continued)
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Label Reference

gl18 a peters. elements of successful mentoring of a female school leader. in Leadership 
and Policy in Schools. taylor & francis, 2010

gl19 j park, j park, a Williams, and al Morse. exploring the roles of mentoring relationship 

on female student-athletes’ career development. csri-jiia.org, 2017

gl20 e petridou. e-mentoring women entrepreneurs: discussing participants’ reactions. in 

Gender in Management: An International Journal. emerald.com, 2009

gl21 a ramaswami, gf Dreher, and r Bretz. gender, mentoring, and career success: the 

importance of organizational context. Wiley online library, 2010

gl22 j jones. how can mentoring support women in a male-dominated workplace? a case 

study of the UK police force. in Palgrave Communications. nature.com, 2017

gl23 sj potter, e abrams, and l townson. Mentoring undergraduate researchers: faculty 

mentors perceptions of the challenges and benefits of the research relationship. 

clutejournals.com, 2009

gl24 ea faucett, hC McCrary, and t Milinic. the role of same-sex mentorship and 

organizational support in encouraging women to pursue surgery. elsevier, 2017
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Table 20-2. Selection of sources from literature review on mentorship of women in 

OSS from the SE literature

Label Reference

se1 enes abanoz. Code: a tool to repair gender gap in digital age. in Teaching and Learning 
Practices That Promote Sustainable Development and Active Citizenship, pages 254–275. igi 

global, 2020

se2 Cat allman. the human factor in open source. Open Source Business Resource, 2009

se3 sogol Balali, igor steinmacher, Umayal annamalai, anita sarma, and Marco aurelio gerosa. 

newcomers’ barriers …is that all? an analysis of mentors’ and newcomers’ barriers in oss 

projects. CSCW, 27:679–714, 2018

se4 sogol Balali, Umayal annamalai, hema susmita padala, Bianca trinkenreich, Marco 

a. gerosa, igor steinmacher, and anita sarma. recommending tasks to newcomers in oss 

projects: how do mentors handle it? in Int Symp Open Collaboration, pages 1–14, 2020

se5 ann Barcomb. Retaining and Managing Episodic Contributors in Free/Libre/Open Source 
Software Communities. phD thesis, University of limerick, 2019

se6 amiangshu Bosu and Kazi Zakia sultana. Diversity and inclusion in open source software 

(oss) projects: Where do we stand? in 2019 ACM/IEEE International Symposium on Empirical 
Software Engineering and Measurement (ESEM), pages 1–11. ieee, 2019

se7 Margaret Burnett, anicia peters, Charles hill, and noha elarief. finding gender-inclusiveness 

software issues with genderMag: a field investigation. in Proceedings of the 2016 CHI 
Conference on Human Factors in Computing Systems, pages 2586–2598, 2016

se8 edna Dias Canedo, rodrigo Bonifácio, Márcio vinicius okimoto, alexander serebrenik, 

gustavo pinto, and eduardo Monteiro. Work practices and perceptions from women 

core developers in oss communities. in Proceedings of the 14th ACM/IEEE International 
Symposium on Empirical Software Engineering and Measurement (ESEM), pages 1–11, 2020

se9 Kevin Carillo, sid huff, and Brenda Chawner. What makes a good contributor? Understanding 

contributor behavior within large free/open source software projects – a socialization 

perspective. J Strategic Information Systems, 26(4):322–359, 2017

se10 Kattiana Constantino, shurui Zhou, Mauricio souza, eduardo figueiredo, and Christian 

Kästner. Understanding collaborative software development: an interview study. in ICGSE, 

pages 55–65, 2020
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Label Reference

se11 Zixuan feng, amreeta Chatterjee, anita sarma, and iftekhar ahmed. implicit mentoring: the 

unacknowledged developer efforts in open source. CoRR, abs/2202.11300, 2022

se12 Casey fiesler, shannon Morrison, r. Benjamin shapiro, and amy s. Bruckman. growing their 

own: legitimate peripheral participation for computational learning in an online fandom 

community. in CSCW, pages 1375–1386, 2017

se13 anna filippova, erik h. trainer, and james D. herbsleb. from diversity by numbers to 

diversity as process: supporting inclusiveness in software development teams with 

brainstorming. in ICSE, pages 152–163, 2017

se14 jana gallus and sudeep Bhatia. gender, power and emotions in the collaborative production 

of knowledge: a large-scale analysis of Wikipedia editor conversations. Organizational 
Behavior and Human Decision Processes, 160:115–130, 2020

se15 nasif imtiaz, justin Middleton, joymallya Chakraborty, neill robson, gina Bai, and emerson 

Murphy-hill. investigating the effects of gender bias on github. in ICSE, pages 700–711. 

ieee, 2019

se16 elham Kariri and Carlos rodríguez. e-mentoring activities in online programming 

communities: an empirical study on stack overflow. in Service Research and Innovation, 

pages 123–138. springer, 2018

se17 yu-Wei lin and Matthijs den Besten. gendered work culture in free/libre open source 

software development. Gender, Work & Organization, 26(7):1017–1031, 2019

se18 Christopher Mendez, hema susmita padala, Zoe steine-hanson, Claudia hilderbrand, amber 

horvath, Charles hill, logan simpson, nupoor patil, anita sarma, and Margaret Burnett. open 

source barriers to entry, revisited: a sociotechnical perspective. in ICSE, pages 1004–1015, 

2018

se19 ralph Morelli, allen tucker, norman Danner, trishan r. De lanerolle, heidi jC ellis, ozgur 

izmirli, Danny Krizanc, and gary parker. revitalizing computing education through free and 

open source software for humanity. CACM, 52(8):67–75, 2009

se20 Dawn nafus. “patches don’t have gender”: What is not open in open source software. New 
Media & Society, 14(4):669–683, 2012

Table 20-2. (continued)
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Label Reference

se21 susmita hema padala, Christopher john Mendez, luiz felipe Dias, igor steinmacher, Zoe 

steine hanson, Claudia hilderbrand, amber horvath, Charles hill, logan Dale simpson, 

Margaret Burnett, Marco aurelio gerosa, and anita sarma. how gender-biased tools shape 

newcomer experiences in oss projects. TSE, 2020

se22 Whitney e. powell, D. scott hunsinger, and B. Dawn Medlin. gender differences within the 

open source community: an exploratory study. Journal of Information Technology, 21(4):29–

37, 2010

se23 gede artha azriadi prana, Denae ford, ayushi rastogi, David lo, rahul purandare, and 

nachiappan nagappan. including everyone, everywhere: Understanding opportunities and 

challenges of geographic gender-inclusion in oss. technical report 2010.00822, arXiv, 2020

se24 leonard przybilla, Maximilian rahn, Manuel Wiesche, and helmut Krcmar. the more, the 

merrier? the effect of size of core team subgroups on success of open source projects. in 

Internationale Tagung Wirtschaftsinformatik, 2019

se25 jefferson silva, igor Wiese, Daniel M. german, Christoph treude, Marco aurélio gerosa, and 

igor steinmacher. a theory of the engagement in open source projects via summer of code 

programs. in ESEC/FSE, pages 421–431, 2020

se26 igor steinmacher, sogol Balali, Bianca trinkenreich, Mariam guizani, Daniel izquierdo- 

Cortazar, griselda g. Cuevas Zambrano, Marco aurélio gerosa, and anita sarma. Being a 

mentor in open source projects. J. Internet Serv. Appl., 12(1):7, 2021

se27 igor steinmacher, igor Wiese, tayana Uchoa Conte, and Marco aurelio gerosa. increasing 

the self-efficacy of newcomers to open source software projects. in Brazilian Symposium on 
Software Engineering, pages 160–169, 2015

se28 josh terrell, andrew Kofink, justin Middleton, Clarissa rainear, emerson r. Murphy-hill, 

Chris parnin, and jon stallings. gender differences and bias in open source: pull request 

acceptance of women versus men. PeerJ Comput. Sci., 3:e111, 2017

se29 erik h trainer, arun Kalyanasundaram, and james D. herbsleb. e-mentoring for software 

engineering: a socio-technical perspective. in ICSE-SEET, pages 107–116. ieee, 2017

se30 Zhendong Wang, yi Wang, and David redmiles. Competence-confidence gap: a threat to 

female developers’ contribution on github. in ICSE SEIS, pages 81–90. ieee, 2018
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 Introduction
Software and software engineering touch every human in every corner of the globe, 

yet many parts of the world are vastly underrepresented or completely absent from 

participating in software engineering research, development of software applications, 

and the creation of software-intensive products. Various nations across the African 

continent and the Middle East are examples. In this chapter, we use the nations of Jordan 

and Ghana as exemplars to review current efforts within the region. Ghana and Jordan 

were selected as exemplars for several reasons. First, both Ghana in West Africa and 

Jordan in the heart of the Middle East are both economically stable countries that border 

nations of varying economic and political unrest, making them attractive to persons 

in the region seeking educational and professional opportunities. Second, like the 

geographic regions where they are found, Ghana and Jordan contain large concentrations 
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of young people who are undereducated and underemployed. Currently, young people 

within these two nations have limited opportunity to contribute to the development of 

emerging markets and are therefore poised to make an immediate impact if given the 

opportunity. Lastly, the economies of both nations have been steadily increasing for the 

past ten years with annual rates of growth at or near global averages, suggesting economic 

stability conducive to software engineering education and development.

The goal of this review is to answer three fundamental questions, namely, how big is 

the gap in software engineering practice in the Middle East and Africa, what has been the 

impact of this gap on EDI globally, and are Ghana and Jordan contributing at sufficient 

levels to software engineering practice? To answer these questions, a systematized 

review of each nation’s population, GDP, human capital, and global software footprint 

was conducted. Using guidance from the lead authors, Dr. Samarah and Dr. Ocansey, 

themselves natives of Jordan and Ghana, respectively, academic literature, global 

population repositories, and industry resources were reviewed to gauge the extent 

to which each of these two nations is contributing to software engineering practice, 

education, research, and policy. Google Scholar was used to conduct an initial search 

of the academic literature using the terms “Global Software Engineering,” “Software 

Engineering Education in Africa,” “Software Engineering Education in the Middle East,” 

and “[EDI] Global Software Engineering Education.” Authors used reference harvesting 

techniques to identify relevant literature from articles identified in the initial search. 

Repositories and industry resources cited throughout the chapter were used to provide 

estimates of current population and economic trends in the two exemplar countries 

and their respective regions. Electronic databases including Academic Search Complete 

(EBSCO), Embase, and CENTRAL were also used to access full manuscripts of identified 

articles. Search criteria were scoping and represent an exploratory analysis of the 

literature available on this topic. We caution against generalizing findings presented 

in this chapter as representative of the entire region, but rather challenge the reader 

to apply the information presented as two case studies to be referenced as prototypes 

in future equity, diversity, and inclusion initiatives. We argue that the populations of 

Jordan and Ghana, like their respective regions, are ideally positioned for innovation. 

Using a systemized review of the literature, we identify four themes relevant to current 

efforts to encourage diversity in software engineering from the Middle East and Africa, 

namely, increasing access to education broadly, identification of current gaps in 

engineering practice, improving software engineering education and related research 

efforts, and improvements in policy to encourage software engineering innovation in 

underrepresented regions. Emanating from these four themes identified in the extant 
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literature, we propose a plan for positive change to bring diversity from Africa and the 

Middle East to software engineering innovation and the future of software based on four 

pillars: (1) Access and Social Justice, (2) Software Engineering Practice, (3) Software 

Engineering Education and Research, and (4) Software Engineering Policy.

 Pillar 1: Access and Social Justice
There is a crisis of education in the Middle East and Africa. This region includes scores 

of linguistic, ethnic, and cultural subgroups that far outnumber the territorial borders 

superimposed on the map during the last two centuries. The population within 

the Middle East and Northwest Africa (MENA) is younger than the global average 

including an estimated 108 million people between the ages of 15 and 24. Millions of 

these children and young adults have limited access to primary, secondary, and post- 

secondary forms of education [1].

Armed conflict in the region has made a fragile situation even worse, forcing the 

displacement of millions of people and limiting the availability of critical resources. The 

United Nations (UN) High Commissioner for Refugees estimates the global population 

of displaced persons and refugees at 84 million individuals, with 51% of that number 

being children and youth 18 years old and younger [2]. Estimates on the number of 

displaced persons within the region vary between 15 and 16 million people, a number 

that is expected to grow in the proceeding decade. Like the global population of refugees, 

displaced persons within these countries are more likely to be under the age of 18, be 

women/girls, and have limited access to ongoing education [2].

Nearly half of the population in MENA are under the age of 24, with one in five 

individuals between the ages 10 and 24 years old. The human potential contained in this 

concentration of youth is enormous; however, to tap into this potential, equal access to 

educational opportunities is required. It is widely known that disparities in education 

contribute to social and health inequity. In the Middle East and Northwest Africa, these 

disparities are abundantly clear when examining the average return in annual income 

for each additional year of schooling. Researchers examining wage income as a function 

of schooling and experience found that MENA countries fall below the global average by 

as much as half [3]. Egypt has the lowest rate of return in the region at 5%, which is half 

of the global 10% average. These observed disparities are exacerbated by gender, with 

women in the region receiving significantly less return for identical levels of education. 

What’s more, women and girls in the region have less access to education, further 

limiting their ability to maximize their potential [4].
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Education has physical health consequences as well, with evidence suggesting 

that the length of time a person remains engaged in formal education predicts 

health and longevity [5]. Education is such a strong predictor of health that a dose- 

response relationship between increased education and better health outcomes has 

been observed and replicated over time [6–8]. Education among women and girls 

carries specific benefits, including improved infant and child mortality, fertility, more 

sustainable population growth, and improved child nutrition [9]. These findings have 

important implications for the scores of youths and young adults with limited access to 

education in MENA with a particular emphasis on women and girls in the region who 

are further disadvantaged than their peers.

 Global Software Engineering
Global software engineering (GSE) is now standard practice [10–13]. GSE refers to the 

software development carried out by decentralized teams of experts located around the 

globe working concurrently to develop commercially viable software for companies, 

governments, and related groups. Scores of institutions have developed GSE-specific 

training programs to meet swelling demand in this domain [11]. John White, former CEO 

of the Association of Computing Machinery (ACM), wrote in their 2006 report on the 

globalization and offshoring of software that

… Computing and information technology has experienced a dramatic 
shift in the past five years to a truly global industry, the forces that have 
driven and shaped this change are still at play and will continue.

—John White, CEO, Association of Computing Machinery

The intervening decade and a half since this report was published have provided 

ample evidence to support this prediction. GSE is the dominant form of software 

development for multinational companies looking to compete on a global scale. The 

demand for GSE-capable software engineering talent is predicated on the availability 

of quality GSE training programs that produce capable engineers. GSE is distinct from 

other subdomains within software engineering education in that the integration of global 

methods is essential to effective practice. Effective GSE training and practice requires 

teamwork across institutions with varying cultural work norms and different skill sets. 

To do this effectively, GSE educators and producers must collaborate with diverse talent 

from underrepresented regions. Emerging cohorts of young people like those in MENA 

countries are ideally positioned to inform the continued expansion of GSE.

Chapter 21 BrINGING DIVerSItY IN SOFtWare eNGINeerING eDUCatION FrOM the MIDDLe eaSt aND aFrICa



369

 Access Is Social Justice: Global Software Engineering
Social justice is focused on the preservation of the dignity and worth of human 

beings including their basic human rights. Inclusive to human rights is respect for an 

individual’s well-being through the preservation of basic needs including water, food, 

shelter, health, and education [14]. These rights overlap with one another with each 

component sharing collinearity. Access to education and economic opportunity is 

therefore essential to any social justice effort aimed at the promotion and preservation 

of human rights. Equal access to education is a powerful antidote to the effects of 

displacement, poverty, and social disparities [15].

Although all forms of education have the potential to address these long-standing 

disparities, GSE education should be considered as an essential component of any plan 

to expand educational and economic opportunities to under-resourced populations. 

The expansion of GSE-related employment is expected to continue over the next decade, 

which will have important economic implications for the significant number of people 

aging into the workforce in MENA. In the absence of opportunity, these individuals will 

likely fall prey to intergenerational cycles of poverty and poor health outcomes observed 

in the region over the last half century [16]. In addition, the expansion of GSE to labor 

markets left largely untapped in MENA necessitates the inclusion of workers from 

within those regions to inform products and ensure accurate representation. This, of 

course, must specifically include women who are globally underrepresented in software 

education and development [17].

 Strategies to Expand Access
Unlocking the potential of young people, specifically women and girls, in MENA is an 

important social justice strategy that can be leveraged for the preservation of human 

rights in the region. Promoting equal access to education must be a key part of this 

strategy. Promising trends have been observed in the region with some estimates 

indicating that the education gap between men and women in the region is shrinking 

[18]. Despite these improvements many challenges remain including securing 

employment following education [3, 19]. Among areas within MENA where access to 

education has been expanded, the quality of the education provided is often low, which 

impacts employment opportunity [20]. Failure to secure sufficient economic opportunity 

following investments in education can undermine progress made in the region.

Chapter 21 BrINGING DIVerSItY IN SOFtWare eNGINeerING eDUCatION FrOM the MIDDLe eaSt aND aFrICa



370

Effective interventions aimed at addressing education disparities in the region 

should be multifaceted. First, efforts to expand educational opportunities should be 

targeted toward women and girls who are often left out of education and labor force 

participation due to cultural mores and societal structure [21]. Evidence suggests 

that all groups benefit from interventions targeted at the most disadvantaged groups. 

Second, recruitment efforts should focus on identifying motivated students who are 

qualified or nearly qualified to participate in GSE-specific training. For students who 

are nearly qualified, bridge programs should be offered to ensure adequate preparation 

prior to enrollment and retention. Third, GSE training programs must track with global 

standards for education to ensure marketability of students following graduation.

Efforts to improve diversity, equity, and inclusion in software engineering education 

in MENA countries must elevate beyond rhetoric and include systematic planning for the 

inclusion of young people broadly and young women and girls specifically. Institutions of 

higher education, non-governmental organizations, and governing bodies would benefit 

from expanding GSE training programs within MENA countries as an effective social justice 

campaign to promote economic opportunity and social health. The human potential 

locked within the scores of young people aging into the labor market in MENA represents 

a major challenge for globalization. Institutions that work toward unlocking this potential 

through systematic investments in education and training will undoubtedly benefit.

 Pillar 2: Software Engineering Practice
In this section, we look at software engineering practice in Ghana and Jordan as two 

exemplar case studies from Northwest Africa and the Middle East, respectively. The 

objective of this review is to understand the gap in software engineering practices in 

the Middle East and Northwest Africa and to assess whether Ghana and Jordan are 

contributing to software engineering practices at sufficient levels. To answer these 

questions, we conducted a systematized review of each nation’s population, GDP, 

human capital, and global software footprint.

 Demographics
Africa and the Middle East are vast and varied regions. To gain an insight into software 

engineering practices, it is helpful to first look at current demographics of the region. In 

a 1987 study on software expansion in the developing world, Robert Schware concluded 
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that some countries may acquire a competitive advantage, while others may lack 

behind, suggesting that governments and policy makers need to implement strategies 

to encourage country-wide software development [22]. Thirty-five years later, we argue 

that the region as a whole continues to have potential to act as a main player in this 

field. To provide a comparative view of the region, we take Ghana and Jordan as two 

representative countries. We then examine seven key indicators informed by World Bank 

Open Data and compare them to world standings. These indicators are population, 

population growth, GDP, GDP growth, government expenditure on education, school 

enrollment, and the World Bank Human Capital Index (HCI) [23].

 Population and GDP
In 2021, Ghana had a population of 31.73 million people with a population growth 

of 2.1%, while Jordan’s population during that same year was 10.27 million with a 

0.6% annual population growth compared with a world population growth of 0.9%. In 

addition, 30% or more of the population in both countries are ages 0–14, with Ghana at 

37% and Jordan at 32% compared with 25% for the world.

The GDP growth of Ghana and Jordan was 5.4% (77.59B USD) and 2.2% (45.75B 

USD) in 2021, compared with a global average GDP growth of 5.9%. More important, 

however, are trends in educational spending across both countries. The expenditure 

on primary, secondary, and tertiary education as a percentage of overall education 

spending in Ghana is 22%, 37%, and 18% for primary, secondary, and tertiary education, 

respectively. In Jordan, the government spends 42%, 34%, and 23% of their overall 

education expenditure on primary, secondary, and tertiary education. Although varied, 

these data suggest that the largest portions of expenditures across both nations are 

within primary and secondary education. It stands to reason then that this investment in 

early education may drive increased enrollment in tertiary education. Looking at school 

enrollment for tertiary education as a percentage of gross education enrollment, 19% of 

students in Ghana matriculated to tertiary education, while 34% of students in Jordan 

matriculated to tertiary education. Globally, 40% of students as a proportion of gross 

education enrollment matriculate to tertiary education. This comparison underscores 

the need for more work in the region to provide primary and secondary education 

students with meaningful pathways to tertiary education.
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 Human Capital
A meaningful indicator is the Human Capital Index (HCI). Key findings using this index 

suggest that the likelihood a child born in Ghana and Jordan grows to full productivity 

with complete education and full health is 45% and 55%, respectively, which are lower 

than probabilities calculated in middle-income countries. The HCI for girls is slightly 

higher than that for boys in both countries with estimates suggesting a 0.46 and a 0.58 

probability for girls in Ghana and Jordan, respectively. In addition, the HCI ratio of the 

richest to poorest 20% in Ghana is 1.16 and in Jordan is 1.23. The global average of the 

richest to poorest is 1.35 with a global range of 1.12–1.68.

 Global Footprint
If we examine country presence on the public Internet, we find that the Google search 

engine shows Ghana with 74,000 publicly accessible websites and Jordan having over 4 

million. The Microsoft Bing search engine returns about 10,000 websites for Ghana and 

over 2 million websites for Jordan. If we look at scholarly output with a measurement 

of access via a country domain name, Google Scholar shows 13 for Ghana and about 

33,000 for Jordan. The low numbers for Ghana may be attributed to using website 

domain names that do not have the country two-letter code. This conspicuous absence 

of country-specific domain names is telling in that it suggests an incentive to mask 

locality in order to gain access to online space. Looking at big tech companies’ presence 

in Ghana and Jordan, we see that Google opened its Africa Artificial Intelligence (AI) 

center in 2018 in Accra, while GE had an office there since 2014. Twitter has recently 

announced plans to open its first Africa office in Ghana as well [24]. In Jordan, the King 

Hussein Business Park houses more than 75 national and international companies 

such as Microsoft, Cisco, HP, and others including more than 100 startups and the 

Oasis500 high-tech incubator [25]. Oasis500 was launched in 2011 [26] and has received 

14,000 startup applications with a recent evaluation of $200M. Importantly, 26% of 

Oasis500 founders are women [27]. The Country Commercial Guide forwarded by the 

International Trade Administration of the US Department of Commerce identified 

software as a leading sub-sector in Jordan. The report gives guidelines for opportunities 

in IT infrastructure projects, Arabization, gaming, financial services, and e-government 

[28]; however, it did not offer any guidelines for seeking opportunities in the software 

sub-sector. In comparison, the same guide for Ghana does not offer much guidance on 

software sub-sector opportunities [29].
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Given the region’s population scale, expected population growth, and high 

concentration of youth, both countries offer substantial untapped human capital. 

Although there is a rising scene of startups in both Ghana and Jordan, the common 

theme remains one of development and untapped potential. Like development 

initiatives in Jordan and Ghana, startups in developing nations should focus their energy 

on serving the local market by first creating innovations that have a direct local impact. 

Once developed, initiatives within these nations can expand their reach regionally and 

then globally.

 Pillar 3: Software Engineering Education 
and Research
In this section, we apply a similar case study model to examine software engineering 

education and research in the Middle East and Africa. The goal of this exercise is 

to answer another fundamental question: what is the gap in software engineering 

education and research in the region, and what has been its impact on EDI globally? 

Are Ghana, Jordan, and neighboring countries making meaningful contributions to 

software engineering education and research, and how does this impact EDI? Does the 

region provide software engineering education that includes both a global and a local 

perspective? Is the region producing innovations, new products, and new services, or 

is it simply consuming, maintaining, and servicing products built by other developed 

countries?

It is telling that in 1991, the United Nations University in Macau created the 

International Institute for Software Technology (UNU-IIST) with an agreement 

encompassing the UN and the governments of the nations of Macau, Portugal, and 

China. In 2003, a colloquium was published to celebrate the tenth anniversary of 

IIST with a renewed mission to bring software technology capabilities to developing 

countries [30]. In 2015, a new director was charged with rebuilding this institute [31] as 

the United Nations University Institute on Computing and Society (UNU-CS). As this 

change shows, the impact of software was clearly understood even in the early 1990s, 

and it became more apparent in the past ten years. Although the UN mission to bring 

software capabilities to developing nations is noble, we argue that this effort needs to 

be led by the nations themselves to bring lasting change and full participation, equity, 

diversity, and inclusion. We examined several studies that looked at different aspects 
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of software engineering research or software engineering education in the context of 

Ghana and Jordan. In the following section, we describe some of the studies in detail and 

suggest improvements to software engineering research and education in the region.

 Software Education in African Nations
Cyriaano and Osman argue that software engineering education in Africa not only needs 

to consider a global perspective but also include understanding of the student and 

local environments. They argue that often the curriculum being taught was developed 

in the context of industrialized societies with examples that are foreign to the African 

students [32]; thus, the effectiveness of the coursework is not achieved, and students are 

often left confused and lost. For example, one study looked at how teaching an Artificial 

Intelligence (AI) undergraduate computer science course represented challenges for 

students in Namibia and how the course plan and approach had to be adapted to the 

local context [33]. In another study, Korpela and colleagues set out to answer higher- 

level questions related to software engineering’s ability to improve people’s lives and 

economic conditions within Nigeria. Specifically, Korpela and colleagues investigated 

the way in which information systems development has improved life and human 

conditions in Nigeria using the results of over 15 years of European-African research. 

They concluded that this development can have a direct impact on Nigeria and can be 

generalized to other African and developing countries as well [34].

 Software Engineering Education in the Middle East
Studies investigating the impact of software engineering education in the Middle East 

ranged from research looking at general software engineering education, specific case 

studies for STEM programs at the tertiary education level, and software engineering 

coursework to specific topics in software engineering and its applicability to the 

industry. One study by Al-Zaghoull and colleagues looked at software engineering 

education in Jordan and how to improve the curriculum beyond global standards 

from IEEE, ACM, and the Software Engineering Body of Knowledge (SWEBOK). They 

examined the changes proposed by their local educational accreditation commission, 

the Higher Education and Accreditation Commission [35]. One can conclude from their 

study that not only a global view is necessary but also a local context.
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Another study by Radaideh et al. benchmarked the software engineering education 

curriculum at the undergraduate level at one STEM university, Jordan University 

of Science and Technology (JUST). Their focus was to examine how compliant the 

curriculum is with the IEEE Software Engineering Body of Knowledge, in particular, 

knowledge areas in software requirements, software design, software testing, software 

construction, and software maintenance. They found that the JUST curriculum is 

compliant with the first three areas and partially compliant with the last two [36]. 

Looking at specific software engineering courses, Hanna et al. compared courses taught 

at Jordanian universities with those in other countries including the United States and 

the United Kingdom. They also examined which courses are software engineering 

specific and which ones are not. They found that more than 60% of courses taught in 

such programs are non–software engineering courses and that the coursework needs 

to be augmented to prepare students to join the market force [37]. Yet, AbuLail and 

Shkoukani show that software reverse engineering is critical to software engineering 

education [38], suggesting that cross-training is required and necessary for software 

comprehension and for bringing to society software engineers who can make 

improvements to existing systems with full understanding of the system operational and 

local context.

It is clear from the studies originating from developing countries that there are 

multiple aspects that need to be addressed in order to achieve higher participation and 

inclusion of this region in software engineering research and education. Specifically, 

these components are (a) collaboration and awareness of software engineering research 

and education among regional countries, (b) software engineering education in primary 

and secondary schools, (c) changes to curriculum to include both a global and a local 

perspective, (d) supporting software engineering education research, and (e) greater 

participation and collaboration between academia and industry in both theoretical 

and applied research. We are starting to see evidence of the region taking note that they 

need to work together to play a meaningful role in this space. For example, collaboration 

among regional countries, the Africa and Middle East Conference on Software 

Engineering, and the Software Engineering in Africa conference have merged into a new 

conference, the Federated Africa and Middle East Conference on Software Engineering 

(FAMECSE). These initiatives, we hope, are welcome signals of a more robust future of 

software engineering education in the region.
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 Pillar 4: Software Engineering Policy
Software, software engineering, and the countless products and tools produced 

therefrom impact every community in the world. Yet, huge swaths of the global 

population are functionally absent from software engineering education, research, and 

development. EDI in software engineering is not simply a philanthropic initiative; it is 

also a sound development strategy for policy makers and visionaries seeking to shape 

future markets. The gap between the wealthiest and least-resourced countries in the 

world is projected to continue growing in 2023 [39]. These disparities are particularly 

alarming when looking at projected outcomes for young women and girls [40]. Regions 

with limited access to software engineering education, research, and development 

continue to fall behind the rest of the world in innovation. This phenomenon, of course, 

is not for lack of available talent. Regions like the continent of Africa and the Middle 

East are frequently overlooked for investments in education and research, despite 

the overwhelming presence of human capital in the region [2]. Improving EDI within 

software engineering education, research, and development within this region must be 

included in future plans for the global development of software engineering.

 Onshoring Global Software Engineering
Evidence suggests that the infusion of knowledge diversity within software education 

and development can produce vast amounts of creativity and innovation [41]. This 

process, however, is not without challenges. Failure to mindfully infuse diversity 

within GSE contexts can result in an erosion of innovation [42]. This corrosive effect on 

innovation often occurs at the intersection of diverse forms of technical knowledge and 

shared forms of common knowledge [43]. Globalization within software development 

has historically been based on the recruitment and retention of diverse forms of 

technical knowledge and labor that could be leveraged as an “offshore” resource. 

Offshoring global software engineering is still common today [44]; however, the practice 

is becoming increasingly antiquated in the context of emerging evidence characterizing 

the benefits and best practices of knowledge management (KM) [45, 46]. In contrast to 

offshoring practices that are largely unidirectional, effective KM involves an exchange 

of information that is based on the social characteristics of teams, shared values, 

organizational structure, and free availability of information [45]. Policy makers and 

leaders interested in the benefits of EDI within software engineering should take heed of 

this emerging evidence and transform their knowledge sharing practices accordingly.
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To affect software engineering futures in their own country, leaders and policy 

makers should be invested in a correctional process of onshoring software engineering 

talent. For decades now GSE developers have exploited global software engineering 

talent in India, Central and South America, and Eastern Europe to reduce the costs of 

company processes [44]. Offshoring, however, is a short-term strategy often leveraged 

by developers in wealthy nations for cost-saving benefits and not much else. Onshoring, 

in the context of EDI in software engineering, is instead focused on the development of 

an ecosystem of domestic innovation such that emerging markets can contribute to the 

development of software innovation. Categorically distinct from offshore labor provided 

to foreign-based multinational companies, onshoring software engineering within 

Middle Eastern and African nations will require investments in education, research, and 

development.

 Using EDI to Change the Global Software 
Engineering Landscape
Investments in EDI within the context of software engineering development and 

innovation have the potential to change the software engineering landscape globally. 

Leaders and change makers who fail to recognize the enormous potential of EDI within 

GSE do so at their own peril. Evidence suggests that software companies that prioritize 

the recruitment and retention of a culturally, ethnically, and gender-diverse workforce 

outperform companies that do not. Specifically, companies rated in the top quartile for 

ethnic and cultural diversity outperform those in the bottom three quartiles by as much 

as 36%, a figure that has been steadily increasing over the last five years [47]. This marked 

increase in profitability becomes even more clear when focusing on gender-diverse 

organizations who, on average, are 48% more likely to outperform their non-diverse 

competitors [47]. EDI in software engineering increases innovation and creativity [48], 

increases access to new markets [49], and improves a team’s overall adaptability [50].

To effectively create change for a more diverse future in software engineering, 

effort must be expended in underrepresented regions to recruit, train, and retain the 

software engineering talent of tomorrow. Africa and the Middle East contain hegemonic 

potential with respect to GSE. The availability of talent and untapped markets within 

these regions are ripe for training and innovation. To benefit from the diversity these 

regions have to offer, critical investments need to be made across four distinct domains, 

namely, education, awareness, research, and development. First, high-quality software 
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engineering education and more broadly STEM education need to be available from 

grade school to college level. In the absence of available educational needs, incentives 

need to be forwarded to encourage those who seek an education abroad to return to 

their country of origin to strengthen domestic innovation and development. Second, 

public and governmental authorities need to contribute to public awareness about the 

positive benefits of software education and development. Third, software engineering 

research should be led and conducted by diverse teams within the region working to 

solve global and local challenges. Fourth, the development of software applications 

and software-intensive products for consumers within the region must be designed by 

diverse teams from within the region to ensure success.
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 Introduction
The timeline of software engineering can be neatly split into before and after open 

source. From Linux, Python, and Blender all the way to a literal trip to Mars, open source 

has revolutionized our relationship to technology and, by extension, fundamentally 

transformed the world we live in today. These accomplishments are owed to a simple 

set of core principles sometimes referred to as the open source way: transparency, 

collaboration, inclusion, community, and early, frequent releases. Yoked together, these 

practices have freed software developers from redundant and siloed work, curtailing 

stagnation while radically multiplying opportunities for innovation and growth. And, in 

privileging hard skill sets over formal credentialism, open source has lowered barriers to 

entering the tech field and made professional advancement more attainable.

While open source has proven itself to be effective, global, and progressive, it’s still 

vulnerable to structural systems of bias and oppression, including racism, ableism, 

sexism, ageism, and queerphobia. Case in point: Despite the well-established fact that 

greater diversity on teams produces higher-quality, more innovative products, the tech 

industry is still overwhelmingly led by white, university-educated, cis-gender men. To 

put it bluntly, if we know that more inclusive, ethically operated businesses and projects 

make for higher-performing, happier teams and more robust technologies, then the lack 

of diversity in tech doesn’t just perpetuate inequality – it’s actively holding us back.
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I’ve spent my entire career working to advance diversity, equity, and inclusion (DEI) 

in one capacity or another across the public, private, and nonprofit sectors, from Wall 

Street to Washington, DC, and beyond. As a technology analyst at Goldman Sachs – my 

first job out of college – I learned what it feels like to participate in an inclusion program 

for people from underrepresented backgrounds. I then returned to school for my JD and 

MBA, eventually becoming the first woman and youngest person to serve as Executive 

Director of the National Bar Association. There, I encountered the reach and limitations 

of social sector organizations in effecting change. When I moved on, it was to a chief- 

of- staff role with an elected official in Washington, DC, for whom I oversaw efforts on 

racial equity and economic inclusion and where I learned how government policy fits 

into anti-bias work. More recently, I held the role of Global Diversity and Inclusion 

Lead at Red Hat, where I was faced with the challenges and benefits of doing DEI work 

at a private corporation. And, in my continuing work as a lecturer at North Carolina 

State University, I have a first-hand view of the structural biases that students, as well as 

educators, have to grapple with on a daily basis.

Today, I’m the Chief of Staff to the CEO, formerly the Senior Director of Diversity, 

Inclusion and Belonging Strategy, at GitHub, where I find myself with a rare opportunity 

to synthesize these distinct but interwoven experiences. What I’ve found across the 

board is no shortage of good intentions. I’ve seen how much research is conducted, how 

many reports are published, and how many statements and policies are generated in the 

service of achieving DEI goals. And I’ve seen how, more often than not, DEI work is done 

behind closed doors, such that the resources out there tend to remain siloed, duplicative, 

and limited by the scope or reach of the institutions that create them.

In other words, if open source has a “diversity problem,” then DEI has an “open 

source problem.” I’ve set out to explore exactly this dilemma and investigate a critical 

question: How can we open source DEI?
To answer this question, I’ve led GitHub in the launch of an open source DEI 

program called All In. Our primary mission is to use open source principles to foster 

open source environments that are welcoming, hospitable, and nurturing to all talent. 

To extend my earlier metaphor, this includes documenting our efforts and findings in an 

open source environment so that businesses, community leaders, and other interested 

parties can both draw from and contribute to this critical work.

GitHub isn’t the only hosting platform for open source projects, but at the time 

of writing, it’s certainly the largest: GitHub reaches over 100 million developers and 

counting, across every state in the United States and virtually every country and region in 
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the world. I say this not to toot our own horn but to illustrate that we are a resource that’s 

shared by private companies, government agencies, universities, project managers, 

students, and developers. Being that common denominator makes us uniquely well- 

positioned to harness those aforementioned principles of open source (transparency, 

collaboration, inclusion, community, and early, frequent releases) to unite specialized 

stakeholders in addressing the glaring disparities in representation and belonging within 

this field.

Over the course of this chapter, I’ll investigate the ways in which an open source 

model can supplant slow, disjointed DEI efforts with nimble, inquisitive, community- 

driven solutions. I’ll walk you through the steps we’ve taken thus far, from gathering 

quantitative and qualitative data to establishing and growing All In. Finally, I’ll share 

how you, too, can join this movement.

 The Journey
Even the best intended efforts can go awry when leaders make assumptions, rush 

to conclusions, or allow implicit or explicit bias to guide their decision-making. I’ve 

repeatedly found that the best antidote to these pitfalls is dialogue, even – or especially – 

when it’s not pretty. Step 1 of open sourcing DEI was no different: we had to start by 

listening.

At GitHub, we took a two-pronged approach to information gathering. It was 

important for us to collect both quantitative and qualitative data, not only as a jumping- 

off point but to allow us to set benchmarks and track changes over time.

First, we partnered with the Linux Foundation to create the 2021 Open Source 

Diversity, Equity, and Inclusion Survey. In order to gather a data set that spoke as 

accurately as possible to the state of DEI in open source at a particular moment in time, 

we knew it was critical to examine lived, intersectional realities and ask questions that 

invited as many participants and perspectives as possible. Because ample research 

points to the ways in which bias can infiltrate seemingly neutral survey questions, we 

decided to make crafting this survey something of an open source DEI project unto 

itself. After each revision, we asked ourselves, “Who hasn’t seen this? What voices aren’t 

represented here? Who else do we need to talk to?” Ultimately, over 200 people with 

different identities reviewed and contributed to the questions. The survey, launched in 

July 2021 and garnered responses from over 7,000 members of the international open 

source community.
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Second, we set out to gain a better understanding of the strengths, limitations, and 

challenges faced by open source community leaders. These project managers and 

maintainers are key to driving change, but we already knew anecdotally that many 

were struggling to realize their DEI goals. In that spirit, we embarked on a listening tour, 

inviting maintainers from around the world to speak to us about their experiences. We 

ran these conversations virtually and at industry conferences and also circulated an 

online form for those who couldn’t participate in an individual interview or focus group. 

In this initial four-month push, we spoke to over 300 maintainers who ran projects of 

varying sizes, demographic makeups, and missions.

I’d like to share some of the most meaningful and immediately actionable 

conclusions we’ve reached in analyzing both sets of data:

 1. Open source needs to be more inclusive.

One thing that was consistent, no matter who we talked to or the size 

of their community, is that there are still significant barriers to access 

and belonging in open source for folks from underrepresented 

or historically excluded backgrounds. Though we were initially 

quite pleased to learn that 82% of our respondents agreed with the 

statement, “I feel welcome in open source,” we’ve had to balance 

that feedback with the fact that over 80% of our survey respondents 

identify as male, 74% identify as heterosexual, and 71% are between 

the ages of 25 and 54: a relatively homogenous group.

Diversity, equity, and belonging work needs to focus on the 18%, 

or the one in almost five of our survey respondents, for whom 

inclusion is the exception, not the norm. We simply cannot expect 

to recruit and retain a broader, more diverse pool of developers 

until more is being done for the 25% of people with disabilities, 

the 26% of women, the 29% of persons of color in North America, 

and the 38% of non-binary and third-gender contributors who do 

not feel welcome in open source.

 2. DEI intervention should begin at the community level.

Statements and policies about diversity and inclusion are 

important, but our survey respondents made it clear that a sense 

of belonging is generated first and foremost out of day-to-day 

interactions between community members.
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Negative interactions take a multitude of forms, any of which can 

lead to someone leaving a project or even giving up on the open 

source community for good. We found that women, non-binary, 

LGBTQ+, and people with disabilities were twice as likely as other 

respondents to have experienced threats of violence and that 

profanity, racist jokes, sexual imagery, and rudeness all affect 

someone’s sense of belonging. But what our survey emphasized is 

that silence and passivity can be just as toxic as explicitly hostile 

interactions and bigoted language.

Some people reported feeling that without certain technical skills 

and knowledge, they aren’t welcome to participate. This is likely 

complicated by the fact that many said the path to leadership 

and personal growth on a project can be opaque, leaving aspiring 

developers in limbo. Other respondents shared that not being 

white or male or highly educated or wealthy makes them feel 

that their voices aren’t heard and their contributions aren’t 

valued. Still others said that when they do try to participate, their 

contributions are rejected or ignored. A full 80% of respondents 

who don’t feel welcome said that feeling ignored or not receiving a 

response to their contributions happens occasionally, and almost 

40% said that it happens regularly.

 3. Maintainers need help.

If day-to-day interactions between team members are what create 

or dispel a sense of belonging, then it’s the maintainer or project 

manager who sets the tone and framework of those interactions.

Now, on the bright side, virtually all of the maintainers we spoke 

to said they understand the importance of fostering an inclusive 

culture and working with a diverse team and that they have access 

to plenty of training resources and boilerplate codes of conduct. 

But maintainers shared that the pressure to onboard people 

quickly to get a project off the ground can be all-consuming, 

leaving them stretched too thin to focus on the community’s 

culture or invite the participation of contributors outside their 

relatively homogenous personal networks.
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All agreed that it’s more efficient and humane for inclusion efforts 

to happen at the outset of a project – and that this is exactly 

the moment when they’re least likely to have adequate time to 

actually focus on it. With the appropriate resources to identify 

and de-escalate code-of- conduct violations and enforce best 

practices, maintainers would be better equipped to safeguard 

their communities.

 4. We need to invest better in our ecosystem.

Much of the focus thus far has been on existing community 

members. But if we truly want to improve diversity, equity, and 

inclusion in the open source landscape, we need to identify 

students and potential community members earlier in their 

journey and supplement their tech education. As we’ve begun 

working with researchers, students, maintainers, and community 

leaders, it’s become increasingly clear that current funding 

strategies are suboptimal for DEI.

This starts with access to both broadband and devices. In 2021, 

roughly 255% of American households did not have Internet 

access [Catherine McNally, 2021], and the numbers are much 

higher in other countries. Even where access is technically 

available, the cost of that access can be prohibitive.

Similarly, deeper investment in our educational infrastructure is 

absolutely necessary to increase access and digital sustainability. 

Currently, the partnerships between companies and universities 

consist of funding special research projects, offering internship 

opportunities, or industry-designed certification courses. But 

for many under-resourced schools, infrastructure limitations 

make it burdensome, if not impossible, to take advantage of 

the opportunities sent their way. Directing funding toward 

infrastructure has the potential to revolutionize the tech 

landscape.

Finally, we need to expand the umbrella of what counts as “tech” 

education. One of the great, democratizing elements of open 

source is that you don’t need an undergraduate degree in order 
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to participate. Recognizing this, increasing numbers of employers 

are joining GitHub in shifting away from degree requirements 

(excepting, of course, degree- and certification-dependent roles 

in accounting, legal, etc.). We have an opportunity to redefine 

what makes a programmer and ask how we can grow the number 

of programmers, especially from marginalized communities, in 

a more equitable, sustainable way. To do so, educational efforts 

need to incorporate elements like resume-building, personal 

finance, the nuances of online and asynchronous communication, 

and interpersonal and leadership skills into our teaching models.

 5. There are opportunities for everyone in the chain.

My first foray into DEI work was as an undergraduate student 

at North Carolina A&T State University. I count myself very 

privileged to have attended a historically black college and 

university (HBCU) that continues to be well-resourced and 

recognized for graduating the highest number of black engineers 

in the country. Hundreds of companies sent recruiters to our 

campus each year, and as a top-performing computer science 

student, I had an abundance of job offers before I even graduated. 

What I saw, though, was that these recruiters were overlooking 

some of the university’s best programmers. These were fellow 

students and friends who were athletes or active military, who had 

hours-long commutes or full-time jobs in addition to their full-

time coursework, and whose commitments made it hard for them 

to keep up a high GPA. Unlike me, they didn’t have time to be in 

the computer lab all day every day – but that didn’t mean they 

couldn’t program circles around those of us who could.

To combat this issue, I launched a university-sponsored program called Aggie 

Engineering Ambassadors, which required recruiters to come to my organization in 

addition to career services. Aggie Engineering Ambassadors partnered with these 

companies to host get-togethers in informal spaces – roller-skating rinks, bowling alleys, 

and the like – where students could spend time and connect with recruiters, share their 

stories, and introduce themselves as multifaceted human beings. I’m proud to say many 

students came out of those interactions with internships.
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The lesson here is that change feeds change, and amazing things can happen 

when you bring people together. If we’re truly going to advance diversity and inclusion 

in tech – or anywhere – we’ll need everyone at the same table. This project isn’t just 

inspired by open source: it is open source. There’s room, and a need, for participation 

from everyone: individuals, communities, companies, foundations, researchers, and 

beyond. Only then can we ensure we’re finding and embracing the best talent, at a time 

when we need it most.

 The Implementation
Collectively, the research-based findings outlined previously led me to create All 

In, a global ship to learn initiative focused on driving diversity and inclusion as an 

open source community, for an open source community. All In brings together 

corporate partners, universities, industry leaders, researchers, and foundations to 

collectively tackle barriers to access and success within open source for people from 

underrepresented backgrounds and regions.

When we launched in 2021, it was with a two-track pilot tailored to the demographics 

we identified as needing the most help: students and maintainers.

 All In for Students
In the absence of universally functional school infrastructures, we knew we wanted to 

find other ways to ensure successful outcomes for our most vulnerable and marginalized 

students and contributors. At this time, not all computer science programs are created 

equal, and opportunities for students with great potential can be limited by financial 

constraints and access. All In for Students offers additional support and education 

through specialized instruction designed to offset inequalities in the current computer 

science education system.

Our 12-month pilot of All In for Students included stipends, technology resources, 

curricula to support technical education and career development, and individualized 

mentoring, all provided and facilitated by our growing chain of partner institutions. To 

begin, we turned to our seven founding university partners, all of which are minority- 

serving institutions, and worked closely with department chairs and professors to 

identify candidates across diverse lived experiences. Working directly with these 
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minority-serving universities ensured we’d be able to pragmatically address what 

individual schools and students actually needed.

We wanted to recruit the same students I remembered from my Aggie Engineering 

Ambassadors days, the ones whose academic experiences might be complicated by 

other obligations, be it commuting two hours to school each day because they couldn’t 

afford to live on campus, providing caregiver support (especially due to COVID-19), 

working full time, serving as active-duty military, or training year-round as a student 

athlete to maintain their scholarships. I already knew these students were hardworking, 

dedicated, and motivated – they just needed an opportunity to thrive.

I also knew that we needed to start small: our initial cohort was just 30 students. 

When you’re a well-resourced institution like GitHub, resisting the temptation to scale 

right out of the gate isn’t easy. But massive programs rarely align with the realities of 

those who are under-resourced and can even exacerbate the problems they’re trying 

to solve. It’s those who are under-resourced who bear the burden of this misalignment, 

which causes burnout and stress. When programs are scaled up too quickly, we lose 

the ability to see people as individuals, and relationships and trust become that much 

harder to build.

It’s sometimes said that people of color are over-mentored and under-sponsored, 

meaning that opportunities to receive guidance exist in far greater profusion than 

professional endorsements. I can tell you from personal experience that, for people 

of color, personal connections and relationships are absolutely vital to our success in 

tech. My first internship, the summer after my freshman year of college, was through a 

diversity program called Project Breakthrough, with IBM. There were only eight of us in 

that program, and I always say that, without that impact program, you probably wouldn’t 

see me on this trajectory today. Most of the successful people of color I know in tech 

can also point not only to an impact program but to a specific person who was willing 

to put their time and reputation into doing personal outreach, writing testimonials, or 

otherwise advocating for their mentee.

With the significance of personal connection in mind, our students were paired with 

specialists at every phase of their journey with us. In our effort to expand the umbrella 

of tech education, students received a range of services, beginning with professional 

development training. Speakers covered topics ranging from career possibilities in tech 

to dealing with micro-aggressions to developing and owning their personal stories, each 

designed to equip our students for workplace success. Students also enrolled in online, 

self-paced courses designed to introduce them to the fundamentals of open source, 
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cloud infrastructure technologies, and DevOps. To address the isolation that sometimes 

comes with asynchronous learning, students had access to a professor for one-on-one 

instruction and a class forum to connect with other members of their cohort. Finally, 

students completed a ten-week open source project. Students were paid for their time 

and given the opportunity to work on teams whose members had established careers in 

tech while regularly meeting with a mentor to support them through the experience.

Throughout the program, each and every student worked closely with the All In team 

on a weekly basis. The goal was for these students to walk away from the program with 

a robust resume, a free laptop, and ultimately an internship with one of our corporate 

partners. Of the 24 students who completed the program requirements, 100% went on 

to intern with leading partner companies including GitHub, Red Hat, Microsoft, Fidelity, 

Intel, and Cisco.

As we look toward the future of All In for students, it’s with an eye toward responsible 

growth that continues to bridge the mentorship-sponsorship divide: something we 

believe is achievable by growing our team of All In liaisons and facilitators as we 

continue to expand our corporate and university partners.

 All In for Maintainers
Working with students allows us to find and nurture more diverse talent to join our 

communities, but it’s equally critical that the communities they enter are adequately 

resourced to provide a safe and nurturing environment to members of all backgrounds. 

In 2021, we also set the foundation for the All In for Maintainers program, aimed at 

providing training and technical support to community leaders who want to advance 

diversity and inclusion but lack the resources to do so.

We already encourage maintainers to take small but impactful steps, like issuing an 

automated message welcoming new contributors to the community, letting them know 

that their voice is appreciated and their contributions are valued, and explicitly telling 

them ways they can contribute meaningfully no matter their experience level. To that 

end, we’re working with our partners to fund grants for maintainers from marginalized 

and/or historically excluded backgrounds and for projects that serve under-resourced 

communities.

Many of our maintainers have explained that they don’t need more information, per 

se – during our listening tour, many touched on the overwhelming volume of resources, 

talks, podcasts, and digital checklists. Instead, they need a way to sort through those 
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resources and implement the most relevant recommendations, to know where to go to 

address a particular issue when it’s actually happening in their community. To provide 

them with a clear pathway, we’re in the process of building an open source hub of DEI 

resources that’s intuitively organized, navigable, and, most importantly, actionable.

To distinguish the maintainers and communities who have committed to doing 

this DEI work, we’ve become a founding partner to build a DEI badging program with 

the CHAOSS Project. We’ll be working with participants in this program to provide 

actionable recommendations, direct technical assistance, and even financial support.

 Conclusion
At the outset of this chapter, I argued that diversity, equity, and inclusion efforts would 

benefit as much from open source principles as open source communities would benefit 

from greater diversity, equity, and inclusion. We launched All In to facilitate growth 

on both these fronts, to feed two birds with one seed. In our first year, I’m proud to say 

that we brought on 17 founding partners and seven partnering educational institutions 

and reached more than 1,000 community members. This year alone, we’ve expanded 

All In to reach 300 students from 79 HBCUs, Hispanic-serving institutions (HSIs), and 

community colleges, and we’re on track to reach over 5,000 community members by the 

end of 2025. We’ve done our initial research, and we’ve set the foundation to bring the 

revolutionary qualities of open source to diversity, equity, and inclusion efforts in the 

tech industry. Now, it’s time for us to spread our wings.

One statistic that jumped out at me from our survey was the 89% of respondents 

who feel they can have a positive impact on the world. This tells me that the open 

source community is suffused with optimism and motivation. I have no doubt that we 

are collectively capable of achieving our mission. I want to invite you to join us in open 

sourcing diversity, equity, and inclusion and take part on this journey to make a lasting 

impact together. Much as open source has revolutionized more than just technology, 

open sourcing DEI has the potential to revolutionize far more than just the open source 

community. Whether you’re a developer, a CEO, a student, a fellow DEI professional, 

a researcher, or an activist, there’s a place for you at https://allinopensource.org. I 

know I’m All In. GitHub is All In. Are you?
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The images or other third party material in this chapter are included in the chapter’s 

Creative Commons license, unless indicated otherwise in a credit line to the material. If 
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In this chapter, we summarize lessons learned from gender-related initiatives conducted 

at the Computer Science Department (CSD) of the University of Chile, located in 

Santiago, Chile.

 Introduction
The lack of gender diversity in the software engineering (SE) industry in South America 

is well documented [4, 7], which is usually attributed to the low number of female 

students that apply to undergraduate computer science (CS) and SE programs. In fact, 
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out of the Science, Technology, Engineering, and Math (STEM) fields, CS and SE are the 

least gender-diverse, with representation hovering around 10–15%. Acknowledging this 

situation, there has been an explosion of programs and activities promoting women in 

computing (WiC), seeking to create spaces for women to network among themselves 

and increase their confidence in their own work. We have previously reported about 

the impact of one such initiative, an admissions program for women at the University of 

Chile, which has one of the most competitive science and engineering programs in Chile 

[1, 9]. Thanks to this program, a third of our undergraduate students are now women, up 

from 19% in 2014, and several local universities have adopted similar programs.

Recognizing that diversity in STEM is important, our campus now has a Diversity and 

Gender Office, which is in charge of making crosscutting changes to improve diversity on 

campus regarding gender, sexual orientation, and indigenous peoples, mainly. This office 

has recently been awarded the United Nations Development Programme’s Gender Equality 

Seal.1 Obtaining this seal meant defining dimensions, actions, and metrics to help promote 

gender equality, like creating gender taskforces at a department level. Since our department 

(CSD) has historically had one of the lowest percentages of female students, the first two 

authors of this chapter were asked to pilot the creation of one of these taskforces. We invited 

current and former students, administrative staff, and faculty members to participate in the 

taskforce, given the broad nature of the issue that we were asked to tackle.

The CSD Gender Taskforce started by gathering information from different sources, 

trying to understand where we stood in terms of diversity. This led to the discovery 

of a hidden reality: our students are much more diverse regarding gender and sexual 

orientation than we had originally imagined. The undergraduate CS student union 

carried out a survey about gender identity and sexual orientation, with almost 180 

responses (approximately 30% of our students). Almost 8% of the respondents identified 

themselves as non-binary or trans and 33% as non-heterosexual. In other words, 

although the department’s work on improving the participation of women in computing 

is crucial, it is too narrow and ignores other sources of discrimination, like gender 

nonconformity and sexual orientation.

Rodriguez-Perez et al. [8] carried out a systematic literature review about perceived 

diversity in software engineering, identifying five dimensions of diversity that have been 

studied by the SE community: gender, nationality, age, race, and combinations of the 

previous four. Gender was by far the most studied dimension, but as we had also done 

until this study, most of these works assumed gender as a binary construct. The only 

1 www.genderequalityseal.org/programme/
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exceptions are the works published by Ford et al. [2] and Prado et al. [6], which focus on 

the experiences of transgender developers. Ford et al. [2] studied whether transgender 

developers really felt more included in the development process under remote working 

conditions, and Prado et al. [6] developed a set of recommendations for hackathons that 

want to be more inclusive of transgender people.

In order to rethink the diversity and inclusion initiatives at a department level, we 

carried out a qualitative study, looking to identify issues that hinder gender diversity. 

The contributions of this study (and chapter) are the following:

 1. Provide evidence that, although focusing on improving female 

participation is great, there is a broader, more systemic problem of 

lack of representation in our field, and any diversity and inclusion 

efforts undertaken by universities must be intersectional.

 2. Serve as a local wake-up call. Students that identify as diverse use 

different strategies to fit in on campus, like creating peer support 

groups. However, we are not addressing the basic issues that 

may affect their learning experiences and that can put them at a 

disadvantage compared with their peers.

 3. Provide recommendations for CS and SE departments that are 

looking to become more diverse and inclusive, based on the 

experiences and issues that affect students that identify as part of 

the LGBTIQ+ community, as well as our previous experiences.

 Establishing a Departmental Gender Taskforce
Figure 23-1 shows a timeline of the main actions the CSD has been involved in to 

improve the participation of women in computing in Chile and Latin America. From 

2011 to 2016, we focused on bringing together women in computing, with panels and 

conferences,2,3 helping set up affirmative action programs on campus,4,5 as well as 

2 https://chilewic.cl/
3 https://latinity.info/
4 https://ingenieria.uchile.cl/admision/ingresos-especiales/cupos-equidad-de-genero
5 https://ingenieria.uchile.cl/noticias/103151/fcfm-pondra-en-marcha-programa-de- 
equidad-de-genero-en-la-academia
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establishing outreach activities to empower girls and young women.6 From 2017 the 

focus has been on consolidating these initiatives and helping establish the Diversity and 

Gender Office7 on campus. Work on the Gender Equality Seal began in 2020,8 and the 

CSD Gender Taskforce is a part of this initiative.

Figure 23-1. Timeline of the gender-related initiatives organized by or involving 
CSD members

The goal of this taskforce is to recommend actions that the CSD can take to 

become more diverse and inclusive. Participants include current and former students, 

administrative staff, and faculty members, and meetings are held on a regular basis 

every trimester. The taskforce was asked to collect data related to gender in the CSD and 

then propose actions to improve on this baseline diagnostic. We collected gendered 

data about our undergraduate and graduate programs, teaching teams, etc. The 

undergraduate student union carried out the survey mentioned in the introduction, 

finding that 8% of the almost 180 respondents identified as non-cisgender and 33% as 

non-heterosexual. Since our campus has been a historically male-dominated space 

in a socially conservative country, we wanted to explore the issues that these students 

experience on campus. To do this, we organized a focus group, so as to draw upon 

respondents’ attitudes, feelings, beliefs, experiences, and reactions in a way where other 

methods are not applicable.

6 https://ninaspro.cl/
7 https://ingenieria.uchile.cl/sobre-la-fcfm/estructura/direcciones/
direccion-de-diversidad-y-genero
8 https://ingenieria.uchile.cl/noticias/184359/fcfm-recibe-el-sello-genera- 
igualdad-del-pnud

Chapter 23  rethINKING GeNDer DIVerSItY aND INCLUSION INItIatIVeS FOr CS aND Se IN a  
                   UNIVerSItY SettING

https://ninaspro.cl/
https://ingenieria.uchile.cl/sobre-la-fcfm/estructura/direcciones/direccion-de-diversidad-y-genero
https://ingenieria.uchile.cl/sobre-la-fcfm/estructura/direcciones/direccion-de-diversidad-y-genero
https://ingenieria.uchile.cl/noticias/184359/fcfm-recibe-el-sello-genera-igualdad-del-pnud
https://ingenieria.uchile.cl/noticias/184359/fcfm-recibe-el-sello-genera-igualdad-del-pnud


403

 Study Design
All the authors of this chapter participated in the organization of the focus group. The 

first three authors are faculty members. Also, the second and third authors are recent 

department chairs and as such are highly familiarized with the departmental academic 

and administrative processes. They also helped design and implement the campus 

Gender Equality Admissions and Faculty programs that appear in Figure 23-1. The 

first author co-founded the WiC conferences that appear in the same timeline. The 

remaining authors are undergraduate and graduate students that volunteered to help 

carry out this study.

We defined two main topics that we wanted to explore with the participants, both 

with a gender perspective: (1) the learning environment on campus and (2) the use of 

campus spaces. The first topic was further broken down into three subtopics – classroom 

experience, courses, and internships – and the second topic into two – the use of 

classrooms and labs and the common areas, like cafeterias and restrooms. We posted 

a call for participation on the CSD student forum, inviting students that identified as 

members of the diverse CSD community to sign up. We got 11 responses, but only 6 were 

available on the date of the focus group.

The focus group was moderated by one of the authors, assisted by another author, 

a CSD student that identifies as a part of the diverse community, who observed, took 

notes, and asked clarifying questions. The focus group was carried out in person and 

lasted two hours, where participants first signed an informed consent, and we then 

asked them for permission to record (only audio). We began the focus group by asking 

participants to introduce themselves. They wrote their preferred pronouns on their place 

cards and told us how long they have been students at the CSD, telling us what they 

liked about computing and whether they have been teaching assistants (TAs) in CSD 

courses. We then moved over to the focus group topics, asking them to talk about their 

experiences as gender- and/or sexually diverse students on campus.

The focus group transcript and observation notes were coded by one of the authors, 

following general open coding guidelines. The rest of the authors revised the coding 

process and the later translation (as the focus group was carried out in Spanish). 

The participants were divided evenly by the number of years spent at the CSD (two 

participants in their first year, two in their second year, and two in their third year). Two 

of the participants identify as non-binary, and the rest identify themselves as women. 

None of them have been TAs in CSD courses.
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 Findings
We now report the main findings of our focus group, grouped by main topic. Positive 

experiences and perceptions are labeled with a plus sign and negative ones with a 

minus sign.

 Regarding the Learning Environment
LE1 – Faculty attitudes and behaviors: The participants indicated that they have a 

good relationship with the CSD professors. Their experience with CSD courses is starkly 

different from the initial math and physics courses, where they felt that professors want 

to show off how much they know. CSD professors answer student questions outside the 

classroom and try to build a trusting environment in the classroom. For example, they 

ask students for their preferred pronouns and use inclusive language (+). Professors 

correct themselves if they make mistakes, so the participants perceive an effort to 

improve (+). They did not feel that teaching assistants (TAs) made the same effort (−). 

Member checking revealed various possible reasons, ranging from ignorance/disinterest 

to a lack of empowerment on behalf of the TAs.

LE2 – Peer attitudes in the classroom: CSD has almost doubled in enrollment in 

a short time, but participants perceive that it is a horizontally interrelated community. 

The gender-diverse subcommunity is organized, and they expressed strong feelings 

of friendship and camaraderie, even if they do not know every member of the 

subcommunity personally (+). However, they have identified a group of cisgender 

heterosexual (cishet) male students that prefer to avoid social interactions with the CSD 

community in general, since they seem to be uncomfortable with or not interested in 

diversity (−). For example, some of these students have made fun of people for using 

inclusive language (−).

LE3 – General perspectives about CSD courses: Unlike math and physics 

courses, CSD courses focus more on homework and teamwork (+). Support material 

from previous semesters is available (+), but not always of the best quality (−). Some 

professors could make better use of the Learning Management System (LMS) used 

on campus (−), and professors should avoid making unilateral changes to course 

evaluations, like adding or removing an assignment (−).

LE4 – Gender-diverse perspective in CSD courses: Assignments and midterms 

are written in a neutral manner (+), using animals or groups of people when characters 

are needed for illustration (+). Professors avoid using only traditionally male names in 
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examples (+). However, courses do not usually include content created by members 

of any historically marginalized groups, not only gender, nor are their contributions 

highlighted (−). For example, one participant indicated that they knew more about WiC 

from volunteering at a coding camp for girls than from the CSD.

LE5 – Perceptions about their own learning abilities: The participants indicated 

that, as part of the diverse community at CSD, they felt like they cannot fail, so they must 

make a larger effort than their cishet male peers to show that they are just as good as 

students (−). Since most of the CSD students are cishet men, the participants also felt 

the constant need to compare themselves or compete with the cishet men students (−). 

They feel an implicit pressure in being a woman or part of the diverse community (−).

LE6 – General perspectives about internships: The COVID-19 pandemic delayed 

the internship process (−). The recent changes to procedures for reporting internships 

to receive credit are also confusing/unclear (−). They feel like the CSD provides little 

guidance on how/where to look for internships, how to prepare a CV, etc. (−). They know 

professors can help them with the internship search process (+), but shyness prevents 

them from contacting them (−).

LE7 – Gender and sexual diversity at internships: The transition from the CSD to 

the work environment is difficult (−). They have to move from a diverse community to 

an environment where they are usually the only person that identifies as gender- and/

or sexually diverse (−). If there are more women at the company, they are usually not 

engineers (−). Some participants mentioned that they perceive that they are treated 

differently than the rest of the people at the company (−) and that they feel that they 

have to show they know more than a cishet male intern (−). One participant was 

more empowered and asked interviewers about their company’s diversity policies 

and statistics (+). Interviewers usually show little understanding of gender identities 

and sexual orientation (−). Another participant mentioned a case where the technical 

interview turned into a conversation about the gender transitioning process (−).

 Regarding the Use of Campus Spaces
CS1 – General perspectives about common spaces: The participants shared various 

reasons why they were sometimes uncomfortable in common spaces. They feel 

intellectually insecure and want to avoid being “wrong” in public, like making coding 

mistakes (−). Since they feel watched when working on a computer, they prefer to use 

computers that face the wall (−). They are also afraid or embarrassed to use whiteboards 
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to work out problems (−). They also get unsolicited advice or help when coding or 

solving problems (−). They find it hard to shut down these unsolicited offers; some of 

those that offer help are oblivious to the discomfort caused by these interactions, while 

others assume that their help is needed (e.g., “mansplaining”) (−). Some of the older 

participants indicated they gained confidence over time (+) and that they now feel that 

they can ask for help or even offer help themselves (+). The general consensus was that 

cishet men do not seem to be afraid of making mistakes in public, so they like to flaunt 

what they know in common spaces like study halls and labs (−). These cishet students 

are also comfortable explaining course topics to their peers and frequently speak over 

women and students that identify as diverse (−). Women and other students that have a 

hard time with a course prefer to study in the library, since it has cubicles where they can 

work in a more sheltered manner (−). The participants that identify as women reiterated 

that they felt watched in the computer labs (−).

CS2 – About specific spaces in the CSD: Participants feel like part of their 

insecurities are ingrained (−), but that the vibe at the CSD helps reduce their insecurities 

(+). Their experience during the first two common years of math and physics courses 

was very different, where they overheard some hallway conversations against diversity 

(−). At the CSD, the participants indicate that it is not clear which spaces can be used 

by students (−), since in-person classes only restarted in March 2022, after two years of 

virtual classes. Students use mainly two rooms at the CSD: (1) an open layout computer 

lab, which has computers along the walls, with work tables in the middle, and (2) a 

smaller room with lounges, a TV, and video game consoles. Both spaces are sometimes 

filled with cishet men, and then some people that identify as diverse prefer to not use 

these spaces (−). However, when they see someone who identifies as diverse using these 

spaces, they gain confidence and start using these spaces more (+), getting to know more 

people that identify as diverse in the process (+).

CS3 – Restrooms: Restrooms are a complex issue. When the original campus 

buildings were built (1911–1922), there were only a handful of women students on 

campus, so no restrooms were built for women. This situation has improved over the 

years, and we now have similar amount of men’s and women’s restrooms. However, 

today we have trans and non-binary students who do not feel safe using these binary 

restrooms (−). One of the women’s restrooms was first made accessible and has been 

recently made gender neutral (+). However, as it is in one of the oldest buildings on 

campus, it usually has problems with plumbing, and it is in a highly transited area, 

which severely limits its use (−). The non-binary participants indicated that they feel 
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safer using women’s restrooms (+), but that they worry about offending other students 

when using them (−). One of the non-binary participants was stopped from using a 

restroom by a security guard, since their gender expression did not “match” the restroom 

(−). Locker rooms are also binary (−). As a result, non-binary and trans students avoid 

using the restrooms on campus (−). Students on another campus proposed removing 

the urinals from the men’s restrooms, in order to make them more gender neutral. This 

proposal was met with ridicule by male cishet students on our campus (−). There is no 

access to hygiene products for menstruating people on campus (−), while there are free 

condoms at the campus health center. Finally, the CSD restrooms are also binary (−).

CS4 – Virtual spaces: This topic was not planned and emerged spontaneously at 

the end of the focus group. On campus, we use a local LMS that has a campus-wide 

discussion forum, among other communication tools. The participants find that 

the campus forum is useful (+), but that it can also be a toxic space, where trolling, 

harassment, and other negative behaviors are enabled and/or tolerated (−). Cishet 

men dominate conversations, without necessarily making positive contributions (−). 

Some people use the forum to start controversies (−), and there are no moderation 

mechanisms in place (−). Users are only identified by name (profile photos are 

optional), so students with common Spanish names are anonymous in practice (−). As 

a result, the participants indicate that posting their opinions on this forum makes them 

anxious (−). They do not want to draw attention to themselves, since it may lead to 

harassment on their social network accounts (−), which has happened in the past.

 Recommendations
Based on these findings, we propose six recommendations for CS/SE departments 

working on becoming more diverse and inclusive. The goal is to create safe and 

welcoming learning environments that promote inclusiveness, since software engineers 

that study in these spaces need to be aware that their potential users and future 

teammates are far more diverse than the demographics of their current programs. We 

are in the process of implementing these recommendations, together with those already 

identified by the CSD Gender Taskforce, like diversifying teaching teams.

R1 – Carry out awareness campaigns within the CSD: Motivated by findings LE1, 

LE2, and CS2. Concepts like gender identity and sexual orientation are under constant 

revision, so recurring campaigns about these topics for professors, teaching assistants, 

and students should be the norm. Spanish is a gendered language that defaults to 
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the masculine gender, so these campaigns should also focus on the use of inclusive 

language. Also, since the community is constantly changing, the importance of these 

topics should be communicated clearly by department authorities. The community 

should also be familiar with protocols defined at a central level, like protocols for 

handling harassment cases. A study by Garvey et al. [3] found that both faculty 

members and administrative staff play an important role in enhancing campus climate, 

for example, by implementing plans to deal with incidents of harassment and/or 

discrimination. Students that perceived a warmer campus climate rated their academic 

success as higher.

R2 – Rethink CSD courses with a more inclusive lens: Motivated by findings 

LE1, LE3, and LE4. Contributions from historically marginalized groups are not 

usually highlighted in CSD courses, and professors should make an effort to include 

contributions from these groups in their course materials. Professors should also avoid 

making value judgments about course evaluations and grade averages, since certain 

groups of students, such as women and/or those that identify as diverse, can take these 

comments very personally, affecting their self-confidence and sense of belonging in CS/

SE. Similar to R1, this recommendation also focuses on creating a warmer climate, now 

specifically in the CSD.

R3 – Foster student self-confidence and job readiness: Motivated by findings LE5, 

LE6, and LE7. All of the participants mentioned feelings of insecurity, anxiety, shyness, 

as well as a lack of self-confidence in their knowledge of course materials. This affects 

how they use common spaces, how they participate in group and course discussions, 

etc. As such, the CSD should develop workshops to help students manage these feelings 

and improve their self-confidence. We should also focus on job readiness, since the 

transition from the CSD, where diverse students have a support group, to industry, where 

they are usually the only person that identifies as diverse, can be tough. This involves 

helping them identify internship opportunities, put together a CV, etc. This is consistent 

with existing work, like a study carried out by Wang et al. [10] that found that female 

developers on GitHub have a competence-confidence gap regarding their participation 

in new projects. They also found that female developers first build up a reputation as 

helpers on projects, before attempting to contribute to the more technical parts of a 

project.

R4 – Revise the use of campus spaces: Motivated by findings CS1, CS2, CS3, 

and CS4. After two years of online courses, students are just starting to rediscover the 

campus. As such, we should work on clarifying and promoting the use of common 
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spaces. This includes defining codes of conduct, helping students identify desirable and 

undesirable personal interactions in these spaces, both physical and virtual. We also 

recommend reviewing the layout of labs and classrooms, so that there are spaces where 

students who feel the need to work unobserved can do so. Finally, students that identify 

as diverse should feel safe going to the restroom on campus, so more neutral restrooms 

should be made available. Hygiene products for people that menstruate should also 

be available. The decline of “lab culture” was already an issue before the COVID-19 

pandemic, as students started to use their own laptops instead of shared workstations on 

campus [5]. Students worked from home during the worst of the pandemic, and it is now 

time to focus on rebuilding supportive and collaborative learning environments, both in 

person and virtually.

R5 – Work with campus authorities on general issues: Motivated by findings LE1, 

LE2, CS1, CS3, and CS4. Several issues raised by the focus group participants should be 

handled by campus authorities, specifically a Gender and Diversity Office, which should 

tackle these issues with a gender-diverse perspective. We need to raise awareness that 

binary restrooms and changing rooms have a high impact on non-binary and trans 

students. We are also concerned about student conversations against diversity and 

women in common spaces, as well as professor attitudes during the first two years of 

common courses. These are all issues that must be strategically handled by campus 

authorities. In line with the recommendations made by Garvey et al. [3], best practices 

to improve the campus climate should be institutionalized, seeking to build a campus 

climate that is proactive and social justice oriented.

R6 – Work toward creating inclusive workplaces in industry: Motivated by 

findings LE6 and LE7. Students raised several concerns relating to internships. Although 

the CSD cannot directly intervene these spaces, we can raise awareness about measures 

that companies can take to create a more diverse and inclusive work environment. This 

requires a stronger commitment than just changing hiring practices; it also requires 

defining or examining codes of conduct, protocols for handling harassment in the 

workplace, etc. Also, students cannot be responsible for educating company employees 

on topics like gender identity and sexual orientation; they are there to improve their own 

technical and professional skills. The negative experiences about internships that our 

focus group participants described are similar to some of the challenges that have been 

found to push women away from the tech industry (see Chapter 4, “Breaking the Glass 

Floor for Women in Tech”). As such, our recommendation is aligned with the strategies 

that the authors of that chapter have identified to address these challenges.
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 Conclusions
Gender- and/or sexually diverse students face a myriad of challenges. In the case of 

our students, they are also studying engineering at a highly competitive science and 

engineering program in Latin America. Chile is a socially conservative Latin American 

country, and Spanish is a gendered language, where the default gender is masculine. 

This means that challenges that affect them need to be addressed in an intersectional 

manner, meaning that we have to be aware of the different types of diversity that are 

present in our community when designing and undertaking new diversity, equity, and 

inclusion policies on campus. The recommendations made in this chapter are in the 

process of being adopted within our department. For example, we recently created a 

gender-neutral restroom. We hope these recommendations may also serve as guidance 

for other CS and SE departments motivated to address this topic.
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from an Intervention 
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Courses
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Neurodiversity is an umbrella term that describes variation in brain function among 

individuals [1], including conditions such as autism spectrum disorder (ASD), attention 

deficit hyperactivity disorder (ADHD), or dyslexia. Neurodiversity is common in the general 

population, with an estimated 5.0–7.1% [19, 21] and 7% [17] of the world population being 

diagnosed with ADHD and dyslexia, respectively. Neurodivergent (ND) individuals often 
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experience challenges in specific tasks, such as difficulties in communication or a reduced 

attention span in comparison to neurotypical (NT) individuals [6]. However, they also exhibit 

specific strengths, such as high creativity [20] or attention to detail [2]. Therefore, improving 

the inclusion of ND individuals is desirable for economic, ethical, and talent reasons.

In higher education, struggles of ND students are well-documented [7, 8, 18]. 

Common issues in this area are a lack of awareness among other students and staff, 

forms of assessment that are particularly challenging for some students, and a lack of 

offered accommodations. These factors commonly lead to stress, anxiety, and ultimately 

a risk of dropping out of the studies.

Accommodations for ND students can require substantial effort. However, 

smaller changes in course material can already have major impact. In this chapter, we 

summarize the lessons learned from an intervention in four courses in undergraduate 

computer science programs at Reykjavik University, Iceland, over a period of two 

terms. Following accessibility guidelines produced by interest groups for different ND 

conditions, we created course material in the form of slides and assignments specifically 

tailored to ND audiences. We focused on small, economical changes that could be 

replicated by educators with a minimal investment of time. We evaluated the success of 

our intervention through two surveys, showing an overall positive response among ND 

students and neurotypical (NT) students. Example materials we produced are available 

at https://doi.org/10.5281/zenodo.7199162.

In summary, in this chapter you will learn 

 1. Which obstacles ND students commonly face in higher education

 2. What accommodations are recommended for ND students

 3. What economical interventions for computer science students can 
look like

 4. What feedback we received on making such an intervention

 The State of Knowledge in Research
Work on neurodiversity is broad and covers different areas. In addition to work 

within the realms of medicine and psychology, there are many studies investigating 

neurodiversity in higher education, neurodiversity and employment, and piloted 
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interventions that aim to improve inclusion of ND students in education or ND 

individuals in the workplace. We briefly summarize these three areas as follows.

Neurodiversity in higher education and industry

 1. ND students often underperform in a specific task, due to the 
task’s nature.

 2. awareness and accommodations for ND students are commonly 
lacking.

 3. ND students often feel anxious, depressed, or afraid of being 
stigmatized.

 4. ND individuals in industry often choose to not disclose their condition.

 5. accommodations for ND individuals in industry vary considerably.

 6. there is only initial work on neurodiversity in software engineering.

ND conditions are often diagnosed in early childhood. Therefore, much of existing 

work targets primary and secondary school education. As inclusion of ND students 

improves in these areas, the amount of ND students enrolling in higher education 

increases. That is, educators in higher education need to increase their awareness 

of neurodiversity and possible accommodations for ND students [9]. In particular, 

educators should understand that ND students make mistakes or underperform in 

certain tasks due to the tasks’ nature, not due to a lack of intelligence.

Experiences of ND students in higher education are published in several studies. 

A summary of research themes surrounding neurodiversity in higher education is 

presented by Clouder et al. [4], based on 48 screened publications. The findings show 

that many higher education institutes provide insufficient support for neurodiversity, 

primarily due to “low levels of staff awareness, ambivalence and inflexible teaching and 

assessment approaches.” ND students often feel frustrated due to the lack of available 

accommodations, anxious or frightened due to challenging situations or stigmatization, 

and often embarrassed to ask questions. Finally, inclusive and trusting environments, as 

well as accommodations such as extended exam times or flexible assignment schedules, 

benefit ND students.
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Experiences and support of college and university students with autism are 

summarized in a systematic literature review (SLR) by Gelbar et al. [7]. The authors 

emphasize the need for support in higher education and that anxiety and depression 

among autistic students are common.

Regarding students with dyslexia in higher education, Pino and Mortari [18] 

summarize existing research, finding that research is fragmented and contains many 

gaps. The article reports coping strategies such as getting support from family and 

friends or adapting their writing styles for written assignments. Furthermore, the authors 

highlight a common lack of awareness and acceptance by academic staff and mention 

that accommodations are usually appreciated by students.

In the IT industry, inclusion of ND individuals is typically at an early stage, 

and companies need to become more welcoming and inclusive [22]. Similar to 

higher education, ND individuals often do not disclose their condition due to fear 

of stigmatization [10, 16]. However, depending on the workplace, the number of 

ND individuals disclosing their condition and the offered accommodations differ 

considerably.

Driven by the COVID-19 pandemic, several studies investigate how remote 

work affects ND individuals. Das et al. [5] find that ND individuals create accessible 

workplaces at home, negotiate communication and meeting practices, and balance 

tensions between productivity at work and fatigue. The authors suggest to commonly 

record audio and video, enable automated meeting transcripts, and make meeting notes 

available routinely. In a similar direction, the needs of adults with ASD in video calling 

are studied by Zolyomi et al. [23]. The authors find that adults with ASD develop several 

coping strategies, such as adopting neurotypical behavior, and that they experience 

more stress than NT individuals without adaptations. The authors provide suggestions 

for adaptations, for example, translating and communicating social and emotional 

information to adults with ASD.

Specific to software engineering, there is only initial work on neurodiversity and 

potential accommodations for ND individuals. Morris et al. [16] investigate challenges 

faced by ND individuals. Specific themes related to SE are the tendency to get bored 

with mundane tasks or expressing inappropriate emotions, for example, when criticized 

during code reviews. Furthermore, ND individuals perceive several tasks more 

challenging than NT individuals, for example, working in shared offices or noisy settings 

or deciding when to seek help for tasks. Begel et al. [3] report the results of a successful 

13-day game programming camp for incoming college students with ASD. In addition 
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to teaching game development, students were instructed specifically in communication 

skills. In a line of research investigating how dyslexic individuals read and comprehend 

software code, McChesney and Bond [11, 12, 13, 14, 15] find that, contrary to intuition, 

dyslexic individuals do not exhibit over-proportional deficiencies compared with NT 

individuals. Potential explanations are that reading code is significantly different from 

regular text, for example, due to indentation or spacing.

 Possible Accommodations 
for Neurodivergent Students
Several guidelines on how to accommodate ND students have been published by 

interest groups for different neurodivergent conditions. These guidelines typically 

target one specific condition at a time. Deciding on possible accommodations for a 

class or a university therefore requires synthesizing these guidelines into one set of 

concrete accommodations that somehow align well with several existing guidelines. 

This is a difficult step, given that existing guidelines might contradict each other and 

might propose too many accommodations for a feasible intervention in practice. In the 

following we will summarize three guidelines, one for each of the most common ND 

conditions: ASD, ADHD, and dyslexia.

Accommodation areas for different ND conditions 

 1. ASD: Sensory environment, communication, escape ways, awareness

 2. ADHD: patience and understanding, clear structure, communication

 3. Dyslexia: Style and presentation of visual material

For ASD, we consider a checklist for autism-friendly environments published by the 

NHS.1 The checklist describes accommodations to four areas: the sensory environment, 

for example, reducing strong colors or overly patterned surfaces or reducing smell and 

noise; the communication environment, for example, the use of clear and unambiguous 

1 https://positiveaboutautism.co.uk/uploads/9/7/4/5/97454370/checklist_for_autism- 
friendly_environments_- september_2016.pdf
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signs; to provide escape ways for autistic individuals in case of high stress levels; and to 

provide general awareness of ASD among the employees.

For ADHD, we consider a report by the ADHD Foundation on how to teach and 

manage students with ADHD.2 The report provides a general introduction to ADHD and 

to common behaviors of individuals with ADHD. Then, suggestions are made on how 

classrooms can be made more accessible to students with ADHD. First, teachers are 

encouraged to show patience and understanding for behavior that might seem odd, such 

as excessive movement or inappropriate comments. Second, providing a structure and 

flexibility is important, for example, through regular routines or by providing overviews 

before starting a class or a checklist for an assignment. Finally, the report lists a few hints 

on communicating with students with ADHD, for example, trying to tell the student what 

they should do instead of what not to do or addressing them by name.

Finally, for dyslexia, we consider the style guide by the British Dyslexia Association.3 

This guide focuses on accommodations in the style of visual material, for example, 

assignment texts or lecture slides. Some of the changes they recommend are using 

fonts that are easier to read for dyslexic individuals, for example, Arial and Comic 

Sans;4 increasing font size; increasing spacing between letters, words, and lines; using 

left-aligned instead of justified text; avoiding multi-column texts; and using cream-

colored backgrounds instead of plain white. Additionally, adapting the writing style 

is recommended, for example, by avoiding passive voice, using concise sentences, 

or avoiding jargon. Many of these recommendations overlap with traditional style 

guidelines for presentations, for example, using large font sizes and avoiding red and 

green as colors, and for academic writing, for example, avoiding overly long sentences 

and jargon.

 An Example Intervention in Four Courses
Based on the guidelines and the existing academic work outlined in the previous 

section, we designed an intervention in initially three courses, which we were teaching 

in the fall term 2021 at Reykjavik University, Iceland. In the spring term 2022, we used 

2 www.adhdfoundation.org.uk/wp-content/uploads/2022/03/ Teaching-and-Managing- 
Students-with-ADHD.pdf
3 www.bdadyslexia.org.uk/advice/employers/creating-a-dyslexia-friendly-workplace/ 
dyslexia-friendly-style-guide
4 Yes, you read that correctly.
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the intervention in a slightly altered way in one more course. All four courses are part 

of the undergraduate computer science and software engineering programs in the 

first and second year at Reykjavik University. The courses are an introductory software 

engineering course, an introductory web development course, and two courses on 

discrete mathematics. During the interventions, we were operating in a hybrid mode 

of on-site teaching and remote teaching through video conferencing tools. Prior to 

our intervention, the only accommodations ND students could receive were extended 

exam times, usually limited to the final exams only. Approximately 10% of the students 

at Reykjavik University have a diagnosed ND condition and applied for this extension, 

though the percentage was higher in some of the four courses.

The accommodations were made as part of the regular teaching. That is, there was 

no specific time, budget, or workforce assigned to making the chosen accommodations. 

Therefore, we focused on small, economical changes that we could implement under 

regular time pressure. In summary, we made the following changes.

Implemented accommodations

 1. emphasis on style changes in assignments and lecture slides

 2. Improved clarity and structure

 3. Minor changes in the sensory environment, for example, consistent lighting

 4. Discussing neurodiversity and the accommodations to raise awareness

Specifically, we decided to primarily change the style of our assignments and 

slides. We changed font type to OpenDyslexic5 and the background color to a cream 

color; increased inter-letter, intra-letter, and line spacing; and avoided italics, multiple 

columns, and specific colors, such as red and green, or strong colors in general. We did 

not change the default fonts in the case of mathematical formulas and program code. To 

leave the choice of style up to the students, we offered assignments both in a traditional 

style and in our updated, ND-friendly style.

In terms of clarity and communication, we added bullet-point summaries to all 

assignments. Additionally, we proofread the assignments and tried to reduce ambiguity, 

jargon, and unclear acronyms and improve overall clarity. Examples of the slides 

5 https://opendyslexic.org
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and assignments created in this way can be found at https://doi.org/10.5281/

zenodo.7199162.

In addition to adapting the style and content of our slides and assignments, we 

made minor changes to the sensory environment, for example, avoiding clothes with 

strong patterns or colors, and in remote teaching using high-quality microphones and 

consistent artificial lighting. Finally, we discussed the changes and the reasons behind 

them in the classroom, with the intention to raise awareness for neurodiversity and 

make ND students feel seen and welcome.

Overall, the accommodations were efficient. For assignments, we used LaTeX and 

thus only had to recompile the assignment with slightly changed parameters. Re- 

reading assignments and slides and improving clarity were done as part of updating 

existing assignments, which we argue should be part of preparing assignments in any 

case. Changing the sensory environment primarily required us to be conscious about 

potential issues, such as avoiding clothes with strong patterns or colors. Finally, the 

largest effort was required for updating lecture slides in Microsoft PowerPoint. While 

we made style changes on the slide master level, that is, globally for all slides, increased 

font size and spacing required changes to individual slides to fit all content. To update 

existing slides took approximately 30 minutes per slide deck (per lecture). This effort is 

likely much lower if you create lecture slides from scratch and not, as in our case, update 

existing ones.

Through two surveys, one after each term, we evaluated the impact our intervention 

had on all students in our courses. We received answers from 169 students in all courses, 

corresponding to an overall response rate of 23.57%. Of those who answered, we only 

considered those that completed the survey, resulting in 155 valid answers. Out of the 

155 students, 63 (40.64%) self-identified as neurodivergent and 89 as neurotypical, and 

3 did not disclose. This corresponds to 108 students (48 ND, 59 NT, 1 not answered) in 

the fall term 2021 (three courses) and 47 students (15 ND, 30 NT, 2 not answered) in the 

spring term 2022 (one course).

 Intervention Experiences
While our students had the choice which material they used, ND-friendly material was 

used by over 50% of the respondents, among them many NT students. The detailed 

breakdown is depicted in Figure 24-1 for the three courses in the fall term 2021 and 

for the remaining course in the spring term 2022. Interestingly, several NT students 
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commented in free-text answers that they also found the ND-friendly material more 

readable compared with the traditional style and therefore preferred it.

Many students, both NT and ND, further expressed gratitude that we raised 

awareness for neurodiversity. Finally, five ND students stated that they felt welcome 

in our courses. Given that academic literature regularly points out that ND students 

experience unwelcoming environments in higher education, we consider this one of the 

most important outcomes of our intervention.

We further asked participants to rate whether they (a) appreciate that material is 

provided in two styles, (b) find the ND-friendly material harder to read, and (c) find 

that the ND-friendly material helps them understand the content better. The results 

are depicted in Table 24-1. Note that the statements in the first column are shorter, 

simplified versions of the actual statements, which can be found in the material we 

provide. The answers show that accommodations were received well by most of the 

participants. Furthermore, a large proportion of all participants found that the ND- 

friendly material helped them understand the material better. Considering only ND 

participants, the agreements are naturally higher. That is, 48% of the ND students in the 

first survey agree that the ND-friendly material helped their understanding (compared 

with 34% of the NT students), and 54% of the ND students agree in the second survey 

(compared with only 12% of NT students). This shows that the accommodations 

reached their goal of primarily supporting ND students. Nevertheless, the divided 

agreements and disagreements also clearly show that our simple accommodations are 

no silver bullet.
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Figure 24-1. Used materials in the fall term 2021 (n=108) and spring term 2022. 
All students are depicted in the white bars, while ND students are shown in gray 
and NT students in black

Table 24-1. Perceptions by all participants regarding the ND-friendly course 

material in fall and spring terms

Statement Fall ’21 (n=108) Spring ’22 (n=47)

I appreciate that material is provided in two styles. 1% disagree,

5% neutral,

94% agree

4% disagree,

4% neutral,

91% agree

the ND-friendly material is harder to read. 65% disagree,

13% neutral,

22% agree

52% disagree,

8% neutral,

40% agree

the ND-friendly material helps me understand the 

content better.

27% disagree,

30% neutral,

42% agree

34% disagree,

31% neutral,

34% agree

In addition to closed questions, we received a lot of noteworthy feedback as free-text 

answers. Four students found the changed font particularly hard to read, especially in 

assignments, and therefore preferred the traditional material, even though it might not 

be ideal either. For example, one NT student commented in free text that they felt “very 

distracted” by the new font. Given this feedback and the fact that we used a nonstandard 
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font, we are currently considering to use a standard font that is considered suitable for 

dyslexic audiences in the future, for example, Arial. Three ND students commented 

that they did not want accommodations or that they were satisfied with extended exam 

time already provided by the university. Finally, a few comments showed the individual 

nature of neurodiversity. One dyslexic student commented on the difficulty of following 

a course offered in English only, while another student expressed difficulties as the 

course they attended was given in Icelandic, but the course book was English. That is, 

they struggled primarily with the multilingual nature of the course. Similarly, one ND 

student stated that working from home had a positive impact on their productivity, while 

another student stated during one of our courses that they found it especially hard to 

focus at home due to their ND condition. Overall, these comments show that simple 

changes are unlikely to cater to all ND audiences and that flexibility in accommodations 

is needed. However, it is worth pointing out that we did not receive any negative 

feedback.

In addition to direct feedback on our accommodations, several students provided 

suggestions on additional accommodations. Particularly common were suggestions 

to provide video or audio recordings in which we explain assignments or simply read 

them out loud. This clearly highlights difficulties many ND students face with text 

comprehension. However, it also shows the potential benefit of text-to-speech tools 

that have been improving substantially in the last years. Another common point for 

improvement is the organization and presentation of a single course. Several ND 

students pointed out that it can be hard to find all the relevant information on a course. 

Additionally, syllabi in our programs are currently not standardized, which leads to 

large differences in how courses present information such as learning outcomes. This 

poses an additional obstacle for many ND students. We believe these two directions 

are alternatives to our style- and presentation-based approach that could provide 

particularly valuable accommodations, that is, different modalities for course material 

and improved organization.

 Summary
In this chapter, we summarized potential accommodations for neurodivergent (ND) 

students in higher education, focusing on the three most common conditions: autism 

spectrum disorder (ASD), attention deficit hyperactivity disorder (ADHD), and dyslexia. 

We outlined which accommodations we made to four courses in computer science 

Chapter 24   eCONOMICaL aCCOMMODatIONS FOr NeUrODIVerGeNt StUDeNtS IN SOFtWare eNGINeerING  
                   eDUCatION: eXperIeNCeS FrOM aN INterVeNtION IN FOUr UNDerGraDUate COUrSeS



424

and software engineering undergraduate programs, focusing on changes in style to 

assignments and slides that are easy to implement with limited time. Our results show 

that minor accommodations for ND students can have an important impact, from 

some ND students feeling more seen and welcome in courses to actual perceived 

improvements in understanding the course material. Researchers and educators can use 

our provided material to conduct studies and develop their own interventions.

Our accommodations were of general nature, even though we applied them in a 

computer science and software engineering context. We consider this an important 

starting point before applying accommodations that target specific characteristics of 

or tasks in software engineering. Future work in this area should target how to convey 

course organization in a better way and how to use other media than text for expressing 

tasks, assignments, and project descriptions, such as video or audio recordings. 

Furthermore, we believe that more work is needed that studies what tasks in software 

engineering are particularly difficult or easy for ND individuals and why. To this end, 

we have started investigating which strengths ND individuals exhibit with respect to 

software engineering tasks and how they can use these in a better way.

Takeaway Points 

 1. Neurodiversity is not rare and is increasing in higher education.

 2. Many accommodations are difficult and effort intensive.

 3. Small, economical changes can make a difference.

 4. awareness is a first, important step.

 5. Feedback clearly shows the individual nature of neurodiversity.
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The direction toward a sustainable and more balanced society asks for higher engagement 

of diverse people in innovation, shedding light on the critically low number of women 

choosing computer science (CS) education and career. Despite interventions by the 

research community, governmental, and educational institutions all aimed at increasing 

gender diversity in CS over the past two decades, the gender gap seems to hold [13].

Although progress in the higher involvement of women in CS is barely visible, we 

are starting to understand the reasons and myths behind the trend. Harvey Mudd’s 

president, Maria Klawe, has summarized their experience as: “Number one is they 

think it’s not interesting. Number two, they think they wouldn’t be good at it. Number 

three, they think they will be working with a number of people that they just wouldn’t feel 

comfortable or happy working alongside” [11]. Although the negative view of CS and the 

confidence gap, as described by Maria Klawe, play their role in narrowing the number of 

girls interested in CS, we see that there is still a substantial number of girls and women 

enthusiasts who would like to pursue CS careers [7] but get discouraged by unnecessary 

frustrations they experience along the way.

This chapter elaborates on these frustrations, all of which seem to be preventable, 

and goes further by summarizing the existing knowledge on effective interventions 

to target and mitigate them in CS education. The intent is to provide educators with 

a comprehensive and easy-to-navigate map of the interventions, as well as highlight 

the most promising solutions, such as the interdisciplinary approach, that could be 
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of tremendous help in engaging girls in CS. Readers will gain better understanding of 

frustrations of girls in CS and orientation in the recommendations for CS educators 

committed to sparking and retaining the interest and participation of girls in their 

classes.

 Frustrations Steering Girls Away from CS
What is CS lacking that makes girls self-select away from it and seek other interests? 

To answer this question, we had to understand the perceived frustrations that women 

themselves report as the reasons they dropped out of CS education despite being keen 

about it in general. To this end, we have designed and used a retrospective questionnaire 

study, which has revealed numerous interesting insights about frustrations that women 

interested in computing experience along different phases of their education and career. 

The admirable ability of participants to retrospect on their previous experiences helped 

us follow a pattern in the responses and, based on their reports, identify the causes that 

underlie women’s attrition in CS.

The study was realized via a questionnaire (in English), designed to understand 

how and why women engage with CS, as well as the challenges girls and women face 

when participating in CS activities at school or at home and factors that enable their 

entry and ongoing participation in the further education. The questionnaire consisted 

of a number of questions, including six open questions asking the respondents to 

retrospect and analyze their previous studies and ambitions. These questions asked 

about participants’ understanding of who computer scientists are, what were the drivers 

and obstacles on their way to CS, what makes them enthusiastic about it, and what they 

would recommend improving CS education for girls. The results presented here are 

based on the responses to these open questions (quoted as written), in combination 

with basic classification questions about participants’ age, gender, and major interests. 

We distributed the questionnaire among groups with the affinity toward CS, especially 

educational institutions providing late-education offers (for adult women), such as 

Czechitas (www.czechitas.cz).
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We successfully collected 139 responses from women1 in three age groups (18% 

between 18 and 26, 41% between 27 and 34, 33% over 34 years old, and 8% without age 

indication). This study’s population was represented by a near-even distribution of 

respondents over three regions: the Czech Republic, Germany, and others (constituting 

one-third of the responses, however, distributed all around the world in small numbers). 

The questionnaire resonated with the audience, 90% of respondents filled out all the 

open questions, and many did it very thoughtfully and expressively. The responses were 

distributed among three groups: (1) women who studied and stayed in computing, 39% 

of respondents; (2) women who transitioned to computing later in life, after studying 

another discipline, 32% of respondents; and (3) women who never considered entering 

computing, 29% of respondents.

We narrowed our attention to the frustrations more strongly reported by women 

from the second group. We specifically looked for respondents who likely had high 

potential to study CS in their earlier years (manifested by expressing previous interest, 

however, decided to study another discipline and returned to CS later in life), which 

makes our study different from other similar studies, for example, [2, 9, 17]. To find 

out what made them select away at the first place, we compared their responses with 

the women who stayed in – focusing on their views of the moments that formed the 

direction they decided to take (stay in or disengage, although overall interested in it). We 

were asking them to elaborate retrospectively about the biggest obstacles and drivers on 

girls’ way to CS [15].

Thus, what is CS lacking that makes women seek other interests and study programs 

and professions as an alternative to CS? Firstly, the participants reported, on average, 

five other major interests (languages, biology, mathematics, sociology, psychology, 

business, history, and music are most common) competing for their attention with CS 

at that time, which made it easy for them to simply skip CS as an option and focus on 

other interests that took the space in their thoughts and time. A typical quote illustrating 

this is: “In retrospect, I’d like there to be someone who noticed that I had my head on 

computers and kept me there. I had a lot of other interests, guitar twice a week, and  

volleyball twice a week. I took computers like, ‘Yeah, I’d probably like that,’ but I had a 

lot of other things.” In many cases they reported on the early dilemma whether to follow 

their other interests or CS. Those who were still considering CS as one of the preferred 

options concluded that choosing CS meant leaving all their other interests behind, 

1 Filtered from 151 responses after removing incomplete responses and responses representing 
gender groups not targeted by this study.

Chapter 25  effeCtive interventions to promote Diversity in Cs Classroom 



432

which they did not want to do. This also indicates what “engaging education” means 

to them. They want to understand technology as the means to have relatable impact in 

other areas of their interest as well, not for the sake of technology as the end goal.

Table 25-1. The most mentioned categories of obstacles on their way to CS

Reason to Opt Out Typical Quote About Experienced Obstacles

Missing Access

…to suitable education “Lack of good opportunities to learn – in school it was boring, more 
about using specific software or programming language …”

…to support and 

encouragement

“There was none (in a family or at school) to show me the options the 
computer can be used for (except playing games).”

…to a computer “I wasn’t allowed to install anything on my computer as my dad 
believed I would break it.”

Gender-Related Stereotype

…carried by others “My oldest brother (computer scientist) telling me I should not go into 
CS because women are not being taken seriously in that area.”

…about the unrelatable 

purpose of se

“Boring computer programming in school put me off for decades. Why 
would I want to write a game I wouldn’t want to play? Waste of time.”

…about themselves “Biggest obstacle on my way to computing was my rather 
stereotypical knowledge of it. I assumed you have to be super smart, 
very emotionless, etc. And I was not, so pursued at a first different 
path.”

Missing Confidence

…low self-efficacy “I didn’t dare to take a CS course in high school because I felt I was 
lacking the necessary knowledge.”

…experiencing imposter 

syndrome

“Many girls think that if they try, they will fail, and people will laugh at 
them.”

…missing success 

experiences

“Encouragement. That’s what girls need. And community where they 
don’t feel embarrassed that they are not experts in computing, but 
they want to learn anyway …they will be amazing at it in the future, 
it’s not the obstacle!”

(continued)
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Table 25-1. (continued)

Reason to Opt Out Typical Quote About Experienced Obstacles

Missing Sense of 
Belonging

…not comfortable to 

express themselves

“Other people watching and/or judging me.”

…sexism and unwanted 

attention

“Men. Sometimes it’s hard to survive in the collective.”

…missing relatable peers “I don’t like the people that work with computers. Too narrow-minded 

… Guys in computing usually talk with ‘different language’ that ladies 
don’t understand.”

Feeling Not Valued

…experiencing defensive 

culture

“It is a man-dominated field … As a woman, you have to prove them 
wrong.”

…feeling that women are 

not valued

“The work of female developers is rather not acknowledged.”

…feeling that their skills/
interests are not valued

“… It is necessary to change herself, to change her field, to get into 
the ‘men’s world’ and she does not want to do that …”

Secondly, the three factors hindering girls’ entrance in CS brought in the quote by 

Maria Klawe (see the introduction and [11]), that is, stereotypes, confidence, and sense of 

belonging, were confirmed by the responses of the participants and also by other existing 

studies, which further add early access as a factor [19]. These factors were the first items 

added to our list of codes in the first cycle of our exploratory analysis. The qualitative 

responses were coded based on these four factors. Within our code structure, besides 

the four key codes that we used initially to structure the discussion of the responses, a 

fifth factor emerged from analyzing the responses, being feeling valued as women in 

computing careers. The identified categories with examples of quotes in the results of 

the study are outlined in Table 25-1.

Thirdly, when trying to understand what made them select away from CS in the 

first place, we found the following reasons as most prevalent: the vast majority of 

92% of participants in the second group were missing suitable courses to learn about 
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computing; 58% of them were concerned about the possibility to follow their other 

multidisciplinary interests despite learning computing; and 18% of them could not relate 

to computing at all because of other interests that took the space in their thoughts and 

time. Thus, the funnel into CS education is leaky. When following the major leaks, there 

is a likelihood those girls will not have access to an engaging educational offer in the area 

of their interest, a likelihood that they will be convinced that they and their interests do 

not fit and are not connected to CS, a likelihood of that they falsely believe that because 

of having other interests and not investing all their time into computing they cannot be 

as successful as others in CS, or a likelihood that they experience their non-stereotypical 

skills and interests being considered second-class and the advantage of having them not 

being understood and appreciated in CS.

 Effective Interventions to Engage Girls in CS
To respond to reported reasons girls dropped out of CS education, we looked for the 

existing knowledge on effective interventions to target and mitigate experienced 

frustrations in CS education. The effective interventions to recruit and retain girls in 

CS education include interventions that combat wrong gender-related stereotypes, 

interventions that spark initial interest by providing suitable access through actively 

engaging interdisciplinary strengths for relatable purposes, interventions managing 

suitable first contact through relatable activities compensating for missing access, 

interventions for creating a less hostile environment through building a sense of 

belonging, interventions increasing self-confidence, and interventions for sustaining 

long-term commitment, as we have summarized in [16] accumulating joined knowledge 

from over 800 publications via a cumulative review of literature on the topic. With that 

position, we have also recognized that education design can actively use numerous 

techniques (see Table 25-2) to attract and retain girls engaged during the education 

process. The aim of this chapter is to contribute to the area of CS education by 

summarizing proven teaching interventions that support diverse and inclusive CS.

Our results show that one of the most powerful elements, resulting in student 

participation and retention, is interest [1, 8, 18]. Interest energizes the learning process, 

guides the learning trajectory, and is crucial for the success of the overall endeavor. We 

hence organized the identified recommendations according to the phases in which 
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interest is cultivated and evolves into confidence and commitment. Table 25-2 maps 

this conceptual model of interest emergence showing how interventions promote its 

development and subsequent goals in five chronological phases.

Targeting gender-related stereotypes: The research by [14] shows that teachers and 

classrooms that do not make explicit efforts to provide a women-friendly environment 

for exploring CS will naturally end up promoting CS as a male-oriented domain. It is 

being acknowledged as a result of the differences in leisure-time preferences among 

girls vs. boys [19]. Girls usually start using a computer much later, for homework, 

research, and socializing, while at that time, boys already tend to have a few more 

years of experience with computers [19], which makes it hard to reverse differences in 

computing literacy. In effect of that, boys, who are on average one year ahead of girls 

in computer usage, according to the findings, tend to monopolize the instructor’s time, 

computer labs, and the curriculum material [5, 26, 28]. This situation leads to even 

fewer opportunities to gain experience and increase their confidence with computers, 

which can be observed among girls as well as among less experienced boys. When 

students, whether girls or boys, fall into this vicious circle [27], it is not very likely they 

escape it without the explicit initiative of the school and parents who would create an 

engaging environment effectively pulling these kids back into CS education. As girls fall 

into this vicious circle more often than boys, it is natural to ask what the girl-friendly CS 

education environment looks like and what requirements it poses on the curriculum, 

culture, and overall environment. Recs. 1.1.–1.4. list interventions that could be applied 

by teachers to prepare positive conditions for interest to emerge and combat the 

negative gender-related stereotypes in their classroom.
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Targeting missing access: The preference for other subjects may be attributed to 

the fact that what makes an appealing first contact with computers for boys is not that 

appealing for girls. Girls hence opt out from this first attraction and start exploring CS 

only later [19]; however, at that time they often feel behind. Little research exists on 

what could be an appealing first contact with computers for girls. A successful example, 

which is, however, connected to a slightly later age, is interdisciplinary explanatory 

activities [12, 26]. Girls also tend to be good at typical school achievements, for example, 

using a computer for homework and writing assignments [19, 26]. Hence, they tend to 

be attracted to computing once they understand it as a tool impacting their potential 

academic achievements in all disciplines as a way to test hypotheses and a resource of 

new knowledge [26]. Attempts should be made to help girls understand these benefits 

of CS early, showing them CS as a facilitator toward their goals and activities that are 

naturally appealing to them [4, 19, 21, 26]. The mentioned interventions Recs. 2.1–2.2. 

include providing girls with exciting and engaging hands-on experiences, increasing 

motivation to pursue computing through emphasizing the interdisciplinary nature and 

the social impact of computing work [5, 10, 12, 19, 23, 24, 26], introducing girls to positive 

role models [4], offering relatable access to CS, and providing information to teachers to 

encourage interest in computing.

The most common approach to teaching CS is to gradually engage in programming 

through a process of solving tasks, from very simple to more complex ones [12]. 

For many girls, this process might make it very difficult to achieve real intellectual 

satisfaction, which may be a significant obstacle in retaining girls in computing, as this 

way of thinking degrades digital literacy to pure coding literacy [12]. CS is, however, 

not only about coding. It requires fundamental skills, such as creativity, imagination, 

innovation, solution design and problem-solving, understanding of human behavior 

and needs, experience design, and a combination of mathematical and engineering 

thinking, to use concepts of computer science effectively [12, 19]. An endeavor to 

present computer science as a tool to realize and scale any idea, originating from and 

innovating any discipline possible and available, to anyone independent of previous 

coding expertise seems to be the key to bringing girls to understand the opportunities in 

computing and space for their creativity. There is no silver bullet to solve this problem, 

and it will not merely fix itself with time. A well-designed package of interventions (Recs. 

2.1. –2.2. and 3.1. –3.4.) is needed in each classroom for all the students who otherwise 

miss the opportunities provided by computing in any discipline.
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Targeting missing sense of belonging: Works exist that examine the benefits of 

students’ separation into groups within the classroom, allowing educators to tailor CS 

education to meet students’ needs best. Research suggests that the separation of classes 

based on gender (Rec. 4.1.) [3, 12, 14] has a similar effect as separation based on previous 

experience (Rec. 4.2.) [26]. This needs further investigation. All-girls classrooms are 

shown to be beneficial for adolescent girls (as well as adult women) [6, 7] to create a safe 

environment when entering CS education and building the initial confidence, making 

it easier to experiment and express their creativity freely. Teachers need to implement 

preventive measures to ensure that no group of students can monopolize lessons based 

solemnly on their preferences [3]. Girls are likely to have a purposeful and value-based 

approach to technology, which distances them from the stereotype they perceive as 

necessary when seeking success in computing, of being fascinated and passionate about 

the technology itself. Many girls might find it easier to find their way to technology in 

homogeneous girl groups, while in mixed groups, their self-image might be a hindrance 

[12]. On the other hand, this measure might not be easy to implement. To overcome the 

practicality burden, segregation by experience could serve the purpose in classes where 

segregation by gender is not practically feasible.

Existing research suggests that the learning environment and the signals girls 

receive in the classroom play a critical role in determining their interest in computing 

[4]. The strategies to make the environment less hostile for girls are of enormous 

impact. According to the examined literature, educators need to work to diminish the 

usual informal hierarchy and defensive climate based on computing skills, which may 

take place in CS education [19], and need to install a growth mindset (Rec. 5.2.) [4], 

where everyone can genuinely believe that they can improve, having a positive and 

constructive attitude toward failure (Rec. 5.3.) [4], with the failure being seen as an 

opportunity to improve.

Targeting missing confidence: Girls’ leisure-time preferences show not only that 

girls are statistically better in collaborative and social tasks but they prefer to participate 

in such activities more [24]. This opens a way to provide low-stakes opportunities 

(Rec. 5.1.) [4, 24] for girls to succeed in solving classroom tasks and see themselves as 

contributors to the solution. This could be achieved, for example, by creating more 

opportunities for discussion and presentation of solution design, making these skills 

(which are also seen as crucial for success in a computing career) an integral part of 

the feeling of success in computing [4]. It seems that if the competencies in which girls 

tend to excel become part of the CS education design, we can stimulate and facilitate 
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the identification of girls with computing, even for girls who might be stronger in other 

skills than those we stereotypically link to computing. This is actually in alignment 

with the situation in the computing industry, where a diverse cohort of individuals is 

needed to build various teams, involved in product design, implementation, testing, and 

management, making the soft skills of similar importance to the hard technical skills for 

success in computing (Rec. 3.4.) [12].

Targeting frustration of not feeling valued: In general, the contribution of girls 

in computer science is not as widely acknowledged as it could be. Despite the fact that 

women have made significant contributions to the field throughout its history, they 

are often underrepresented in the field, and their contributions are often not given 

the same level of recognition or visibility as those of men. This is partly due to the fact 

that computer science is a field that has traditionally been male-dominated, and as a 

result, the perspectives and contributions of women may not be as well-represented in 

the literature, in the classroom, or in the industry. Even if the contributions of women 

are presented and recognized often, they map the expectations for recognition defined 

by the male majority. In fact, differences in leisure-time activities at a very young age 

influence stance toward CS later in life and result in different experiences of impact, 

understanding of the valued contribution, and expectations for recognition. Girls seem 

to need more appealing purposeful contact with a computer [19, 21]; they tend to be 

more interested in and recognize, as achievements from others as well from themselves, 

computing contribution that solves social and humanitarian problems and are more 

motivated when they can see the impact of their work. This mismatched understanding 

of success may attribute to the fact that what makes an appealing challenge for boys is 

not that appealing for girls; girls hence opt out from this attraction and look for having 

their contribution somewhere else [19], where they feel that their contributions to the 

discussion are valued by the community or their understanding of having impact fits.

The study in [26] analyzed successful extracurricular activities and concluded 

that the provision of pedagogically effective extracurricular activities in the long term 

requires unsustainable high effort. It usually either results in ending the activity too 

early or in limiting the effort to a one-shot intervention with no long-term effect. The 

study pointed out that the integration of such activities in a regular CS education 

classroom is a goal without which a change can hardly be achieved. However, to reach 

this goal, professional teacher development programs need to be introduced that 

equip the teachers with the knowledge, easy-to-use tools, and guidelines  
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(Recs. 6.1.-6.5.) and provide information to teachers to encourage interest in 

computing (Recs. 6.2.-6.3.). The teachers need this guidance to build up the necessary 

confidence and, hence, be able to transfer their confidence to motivate students into a 

career in computer science [5, 10, 24, 26].

Several programs, initiatives, and interventions have been launched to address 

women’s underrepresentation in computer science. At the high-school level, several 

studies observe differences in computer science course behavior between male and 

female adolescents [4, 12, 19, 24]. Girls are observed to be less likely to choose computer 

science courses due to classroom environments perceived by them as hostile to their 

way of self-expression and achievement understanding. The related stereotypical images 

and messages, as well as individual interactions in the classroom, reduce girls’ sense of 

belonging. Effective intervention strategies often include providing girls with engaging 

hands-on experiences, increasing motivation to pursue computing through emphasizing 

the social impact of computing work, providing girls opportunities to succeed with 

their strengths, introducing girls to positive but relatable role models, and providing 

training to teachers and key individuals to encourage greater interest in computing 

and technology. If given the necessary support through professional development 

programs, educators could react and adapt. For the moment, CS education might be the 

essential factor that can be changed to influence the recruitment and retention of girls 

in computing. Yet, sufficient pedagogical guidance is essential to make this endeavor 

successful.

 Conclusion
Overall, there is a silver lining connected to these pipeline leaks – multidisciplinarity. 

The women in the study showed to have many other interests, on average 5.5 other 

major interests besides computing. Thus, the possible time slot where computing could 

be practiced was immediately filled with another without further conscious notice by the 

girls. There is thus a potential to create alternative pathways [25] into the field by merely 

building on individual interests. As many women find it hard to identify themselves 

with computing as such (also indicated by the confidence gap and missing sense of 

belonging), we might want to leverage their personal interests to create identities that 

do resonate. We suggest that a different learning approach, that is, interdisciplinary 

approach [22], could have a particularly strong potential for strengthening women’s 

engagement in computing. These different interdisciplinary subcultures can provide 
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an environment where all the students who currently feel left behind can learn CS 

without feeling trapped by the dominant culture associated with the field nowadays. 

This would further expand different entryways in computing and help students be 

more comfortable exploring and experimenting with computing, have the stability of 

a familiar knowledge base, and have the ability to self-identify with relevant problems. 

While mixing the “unfamiliar with the familiar,” they might be more intrigued when 

unexpected things happen and feel more competent because of the possibility of 

explaining the new findings using their strengths in a familiar context. Interdisciplinary 

approaches could further enrich formal education by integrating other sciences and 

humanities, promoting versatility for future workplaces and real innovation, which can 

hardly be achieved without computing crossing its own boundaries. Thus, we should 

stop compartmentalizing learning by discipline and inquire with the help of computing 

across boundaries. Real innovation also requires the divergent skills that are the focus 

of arts and humanities. Without these broader skills, it is very difficult to apply any 

solutions to problems in the real world.

Our comprehensive overview of interventions points to some exciting directions 

in the field of CS education. Computer science encompasses many perspectives: it is 

creative and social and provides for well-paid and often interdisciplinary careers. Future 

CS education research needs to demonstrate the usefulness of CS in contributing to 

solving critical societal, natural, and economic challenges. There are many interesting 

opportunities for women to engage in this field.
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Retaining diverse, underrepresented students in computer science and software 

engineering programs is a significant concern for universities. In this chapter, we 

describe the INSPIRE: STEM for Social Impact1 program at the University of Victoria, 

Canada, which leverages the three principles of self-determination theory – competence, 

relatedness, and autonomy – in the design of strategies to empower women and other 

underrepresented groups in using software and other engineering solutions to approach 

sustainability, community-driven problems. We also describe lessons learned from a 

first successful year that involved over 30 students, 6 community partners (sustainability 

problem owners), and over 20 industry and academic mentors and reached out to more 

1 https://inspireuvic.org/
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than 200 solution end users in our communities. Finally, we provide recommendations 

for universities and organizations who may want to adopt our approach.

In the program 24 diverse students (in terms of gender, sexual orientation, ethnicity, 

academic standing, and background) divided into six teams paired with six community 

partners worked on solving society-impactful problems and developed solutions for a 

number of respective community partners. Each team was supported by an experienced 

upper-year student and mentors from industry and community throughout the program. 

The experiential learning approach of the program allowed the students to learn a 

variety of soft and technical skills while developing a solution that has a social and/or 

environmental impact. Having a diverse team and creating a solution for real end users 

motivated the students to actively collaborate with their peers, community partners, and 

mentors resulting in the development of an inclusive network. A network of like-minded 

people is crucial in empowering underrepresented individuals and inspiring them to 

remain in the computer science and software engineering fields.

 Introduction
Computer science and software engineering university programs have long 

suffered from a lack of diversity where recruitment and retention of students from 

underrepresented groups are challenging [3]. Working on society-impactful projects has 

the potential to motivate women and other underrepresented individuals to continue 

in Science, Technology, Engineering, and Mathematics (STEM) as they are often drawn 

toward care-oriented and humanistic careers [4, 6]. Experiential learning, a method 

employing learning through working [8], has proven to increase confidence and 

motivation in students to continue and persist to graduation [9].

In recent years, some universities have begun launching initiatives and protocols 

regarding increasing equity, diversity, and inclusion (EDI) in engineering programs 

to train faculty, staff, and even teaching assistants [16]. These protocols are a means 

to help reduce the potential harm that could inflict on a student. In Part 4, Chapter 15, 

“Beyond Classroom: Making a Difference in Diversity in Tech,” the Czechitas initiative 

has been described that supports and trains girls in computing education to succeed in 

tech careers. The community developed through this initiative resulted in the increase 

of women participants in their following year. Having a supportive network to grow 

develops a sense of belonging in underrepresented individuals. Furthermore, in Part 5, 

Chapter 25, “Effective Interventions to Promote Diversity in CS Classroom,” the authors 

describe how “interest” enhances the learning process and engraves motivation in girls. 
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Engaging students in projects with social and/or environmental causes and allowing 

them to interact with real clients can increase interest and confidence of students. 

Hence, we launched INSPIRE that aims to foster EDI through community-engaged 

experiential learning for underrepresented students and support them through a 

network of like-minded individuals. We incorporate design thinking methodology [10] 

to facilitate students’ learning experiences as they collaborate with local nonprofit and 

for- profit organizations, which we refer to as “community partners.”

In this chapter we share the student experiences working in this program. The 

preliminary goals of the program included (1) developing an inclusive network of 

individuals, (2) motivating students through empowerment, (3) providing experience 

with realistic and impactful problems through community engagement, and (4) learning 

to work in diverse teams. Through analyzing program participants’ experiences, we 

identified important lessons and present recommendations that may be beneficial 

for future practitioners and educators implementing diversity-centered experiential 

learning opportunities in other institutions.

 Program Overview
The INSPIRE program offered a four-month-long summer internship position to science 

and engineering students at the university to work in teams to solve society-impactful 

problems for real clients. The program was open to undergraduate and graduate 

students from varying science and engineering degrees ranging from first year to final 

year. The students were required to work 40 hours/week and received co-operative 

education (co-op) credits for their work in the program.

The fundamental idea of the program originated from the principles of self- 

determination theory [14], which describes the factors that contribute to different types 

of motivation rooted in three basic needs: competence, a need to be able to effectively 

handle the environment; relatedness, a need to have close bonds with others; and 

autonomy, the freedom to make one’s own choices. Intensive training was provided 

for all aspects of the students’ projects to provide learners a sense of competence. An 

emphasis was placed on team bonding activities (e.g., ice-breaking discussions, giving 

constructive feedback to each other, playing games in groups) and group activities 

(e.g., hiking, beach walk) with all teams together to create a sense of relatedness in the 

program network. Finally, while students received extensive training, the details of their 

projects were not micromanaged by the program management team, providing a sense 

of autonomy within an otherwise structured program.
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The program secured sponsors from across Canada that included IBM Canada 

Advanced Studies, Riipen, Redbrick, Checkfront, McElhanney, PBX Engineering, 

WSP, iWIST (Island Women in Science and Technology), Viatec, Actua, Inter-cultural 

Association of Greater Victoria, KWL Consulting Engineers, Axolotl Biosciences, 

Animikii, and Ocean Networks Canada. Many of the industry partners further offered 

mentorship to the students; as such, we had over 20 industry mentors supporting the 

students throughout the four months in various project-related aspects. Some of the 

mentors were located in countries other than Canada like China, Pakistan, Brazil, and 

the United States.

Along with that, we had six local community partners: Swan Lake Christmas Hill 

Nature Sanctuary, Greater Victoria Coalition to End Homelessness, Victoria Brain Injury 

Society, NatuR&D, local schools in the Greater Victoria area (Claremont Secondary, 

GNS, and Ecole Victor-Brodeur), and Redbrick. The community partners were local 

to Victoria as the students needed to work with the clients in person. Many of the 

community partners were nonprofit organizations who actively engaged in helping those 

in the community that are most vulnerable.

Finally, the program timeline consisted of eight phases encompassing four months. 

Table 26-1 shows the different phases during the four months and the tasks involved.

Recruitment and project selection: To maximize the reach of potential participants, 

an open call was sent through the university platform (i.e., email, social media, etc.) four 

months prior to the launch of the program. Since the program was based on experiential 

learning and empowering students, the recruitment did not include any previous course 

experiences for the student teams. However, a separate call for upper-year experienced 

students, preferably fourth- or fifth-year undergraduate or graduate students, was 

made in parallel who would be supporting the students with administrating logistical 

or teamwork issues. Over 50 students responded who were interviewed through a 

two-step filtering process that was designed to test different soft skills such as primary 

communication skills, conflict resolution, and leadership.

The first step consisted of a team activity to test each student’s ability to (1) work in a 

team, (2) overcome any conflict that would occur in that short time span, and (3) self- 

organize the team decisions. Students were broken into teams of five to six students and 

tasked with completing a project that addressed a hypothetical problem and constraints, 

which would require students to demonstrate their skills in these three areas. The 

second phase of the recruitment was an interview process where each student was 

interviewed individually on different situational questions, for example, how would they 
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behave under a conflicting situation, how would they deal with failure, or what would 

their approach be when conversing with the community partner. At the end of this 

recruitment process, 30 students were recruited in the program.

Table 26-1. Timeline of the program

Month Phases Tasks Involved

May problem Definition Students were provided with interpersonal skills training like 

equity, diversity, and inclusion (eDI), professional conduct and 

communication with clients, and conflict resolution, project-

specific training, design thinking, as well as technical skills 

training like web frameworks, version control, and agile. 

Students were required to finish defining the initial problem.

problem planning and 

Framing

Students met with their respective community partners and 

end users to further plan with them and start framing the 

problem based on collected user data (interviews, focus groups, 

surveys).

June problem Validation and 

early prototyping

Students revisited the clients to validate their findings in order 

to start prototyping. they further started developing an initial 

prototype.

Midterm presentation Students showcased their work to the public and received 

feedback from professionals regarding their project.

July Validation of prototype the students reiterated their prototype with the clients before 

finalizing it for implementation.

Solution Development Students started the solution development and were required to 

learn the necessary technology.

august Continued Solution 

Development

Fully dedicated to the development of the solution, students 

worked in collaboration with the clients to make sure the clients 

were satisfied with the product.

Finalizing Solution 

Development and 

Documentation

Students began wrapping up the project and creating proper 

documentation for the clients so that the clients could take this 

forward and utilize it in their community.
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Similarly, an open call for the community to propose projects was made through the 

community-engaged learning (CEL) department at the university. We selected a total of 

six projects as they were the most pertinent for the students and program. Not only did 

each project address a pressing social or environmental challenge affecting the broader 

community but each community partner also committed to mentoring the students 

in project-specific training such as dealing with brain injury patients and norms of 

engaging with vulnerable clients.

Team formation: Out of the 30 students, 24 students were placed in a group of six 

teams, and each team was assigned a senior experienced student to support them. 

Prior research showed that working in a project that resonates with one’s value gives a 

sense of motivation to work on the project [13]. Thus, each student was asked to provide 

their top three project preferences as well as their academic skills, experiences, and 

project requirements, and then each student was placed in a team accordingly. Each 

team ended up with diverse members in terms of gender, sexual orientation, ethnicity, 

academic standing, and background. Moreover, each project had a diverse set of end 

users, making the projects more challenging and motivating.

Demographic diversity: Among the 24 students, 10 identified as female, 12 

identified as male, and 2 preferred not to disclose their gender. Furthermore, 19 students 

came from the undergraduate level and 5 from the graduate level. The students were 

further diverse in terms of (1) academic background as they came from computer 

science, software engineering, electrical engineering, mechanical engineering, 

biomedical engineering, physics, chemistry, and business and (2) ethnicity, including 

South Asian, East Asian, Black, Arab, Hispanic, Indigenous, and White. Out of the six 

experienced students, there were five female and one male student, and each of them 

had different engineering and science backgrounds. The teams were further matched 

with industry mentors who guided them on different social and technical issues. 

Therefore, while each project team had a diverse blend of experiences, skills, and 

perspectives, all team members had an equal opportunity to work on a project that they 

were deeply motivated to work on.

 Projects
The four-month program was both an accomplishing and turbulent journey for all the 

students, as the teams had to overcome various adversities. The first month was heavily 

dedicated to training and learning about the project-specific requirements. Since all the 
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community problems appeared to require technological solutions, the students had to 

learn different technical skills including programming languages, frameworks, version 

control, databases, API integration, PCB design, geographic information systems, and 

many more depending on their project.

Table 26-2. Summary of the projects and the solutions

Project Name Community Problem Solution

Swan Lake 

Christmas hill Nature 

Sanctuary

Due to the increase in the number 

of people visiting a local nature 

sanctuary, preserving and maintaining 

specific areas is becoming difficult.

an IOt monitoring system to track 

and visualize where visitors are 

trekking in the park

Greater Victoria 

Coalition to end 

homelessness

Women+ fleeing violence and facing 

homelessness encounter difficulty 

finding safe and appropriate support, 

services, and housing.

a website that allows support 

workers to easily find up-to-date 

available emergency housing and 

services for women+ fleeing violence

Victoria Brain Injury 

Society

Nonprofits supporting brain injury 

survivors lack a centralized, 

accessible hub to provide patients 

with relevant services.

a mobile application with a custom 

interface directing brain injury 

survivors toward necessary and 

appropriate services and support

Carbon footprint 

awareness for teens

Youth lack the motivation to take 

climate action due to inadequate 

knowledge and inspiration.

a gamified classroom app that is 

designed to help teenagers learn 

and take action about their personal 

carbon emissions

the resilient Urban 

Systems & habitat 

Initiative

existing climate change data is 

disorganized and fails to provide 

informed guidance on potential 

climate health.

an interactive website that 

centralizes and reports information 

about regional climate change 

vulnerabilities

Carbon impact of 

web browsing

Digital activities are part of everyday 

life, but people are unaware of the 

carbon impacts of browsing the 

Internet.

a web application that accurately 

calculates the carbon impact of web 

browsing
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The teams were introduced to IBM’s design thinking [10] and Agile [1]; as such, they 

extensively utilized these processes in their project management, software development, 

and requirement elicitation. Due to the heavy emphasis on experiential learning, the 

students mostly developed skills through implementing these skills during the software 

development process. In addition, the students learned a plethora of soft skills, some 

of which were unique to their project due to having specific clientele. For example, a 

team of students working with patients who had acquired brain injury required training 

on methods of interaction with such patients. Gathering requirements from vulnerable 

groups is sometimes difficult; hence, learning such skills was a significant part of their 

project. All six projects had pressing community problems, which allowed the students 

to explore the phases of design thinking [10], learn, and develop solutions that could 

cater toward the respective end users. Table 26-2 summarizes a brief description of the 

community problems and the final solutions developed by the teams.

All six projects had unique experiences in terms of overcoming different kinds 

of obstacles and pivots. However, by the end of the four months, they were left with 

the sense of achievement and learned different aspects of working in a software 

development team. Comparing the program with a course, one of the students said: 

“This is so much better than taking a course. I think because in a course, the projects feels 

contrived. And I don’t feel like the end result actually does anything. I mean, you learn 

through it. But it’s, that’s the intention is learning. Where here learning is not the only 

intention. It’s about, you know, building community and making, you know, building 

interpersonal skills and really setting ourselves up for the future while also making a 

product that actually will go out into the world and do some good.” This quote is a 

perfect summary of the program’s goal of creating a network of like-minded people 

and contributing to their success through motivation, empowerment, mentorship, and 

curating a safe space in the community.

 Research Methods
Over a period of four months, we collected reflections and conducted focus group 

interviews with students and community partners to improve our program for the next 

iteration. Workshops were provided to help students reflect on their learning outcomes 

from working on real-world problems in diverse teams. As part of the deliverables, 

students were required to write weekly individual and team reflections based on their 

project development and teamwork experience. Two focus group interviews were 
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conducted with each team, and community partners were also interviewed to gather 

their perspective. We collected approximately 300 individual reflections, 90 team 

reflections, 12 focus groups, and 5 community partner interviews. The collected data was 

analyzed through Braun and Clarke’s [5] six-step thematic analysis method that includes 

(1) familiarizing with the data, (2) generating initial codes, (3) searching for themes, 

(4) reviewing potential themes, (5) defining and naming themes, and (6) producing the 

report. An external member outside the research team reviewed the findings to avoid 

assumptions and biases. The research team used an iterative discussion cycle and peer 

debriefing process to extract key themes from the collected data, which we present in the 

form of the lessons learned in the following section.

 Lessons Learned and Recommendation
This section highlights the lessons learned from the four-month-long projects. Working 

on a community project with real clients and community problems poses both rewarding 

and challenging experiences that students would not otherwise be exposed to until 

post-graduation employment. The students in our program were provided with a unique 

combination of working with real clients tackling real problems in diverse teams. During 

this time, we analyzed collected personal and team reflections as well as conducted 

focus groups with the students to understand their experience. We describe in the 

following the lessons based on this analysis, which after much reflection, we propose, 

can be supported pedagogically.

Lesson 1 – Training on soft skills should be emphasized in building a successful 
network of diverse individuals in software engineering: In a successful network, 

people are able to socialize and support each other outside of work and develop 

meaningful relationships. Previous research suggests that such nonprofessional 

relationships, even in organizational networks, are critical to companies employing 

research and development projects [14]. Soft skills are immensely important in building 

such a community, yet university students often lack the soft skills that are required 

to operate in the real workplace [2]. Thus, training in such area is critical, as a lack 

of adequate training can cause conflicts, customer dissatisfaction, and team fallout 

[11]. This program was the first exposure for many students to work with real clients; 

therefore, we provided them with a number of training sessions covering soft skills 

such as communication with clients; team management; professional conduct; equity, 

diversity, and inclusion (EDI); and leadership. This was done to ensure successful 
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interactions between students and clients such that positive relationships between them 

could be built, thus facilitating the growth and strengthening of their networks.

Due to the unique end users each project catered toward, eliciting requirements 

from clients and end users while also behaving in a professional and respectful manner 

was likewise an important skill to learn. Positive interactions with potential end users 

also contributed to students learning to successfully expand and integrate into their 

own networks. As a result of the provided soft skills training, community partners were 

immensely satisfied with the students as one of them stated: “I thought they were very 

organized and professional.” This suggests a willingness to interact with our students 

again, which confirms that a strong rapport has been established.

As such, the community partners further connected them to individuals who could 

help them with their project. Describing their experience building connections, one 

student said: “The connections are amazing; we couldn’t have had those connections 

and get in touch with them as quickly as possible without [our community partner].” 

This quote implicitly indicates the importance of communication skills for building 

connections. To help students in communication development, we trained them with 

techniques such as writing down constructive feedback for team members. “This exercise 

has made it clear to me that communicating constructive feedback is something that I 

need to learn, and I hope that I may learn how to do it kindly.” This confirms that open 

communication, while difficult to establish, is critical for effective relationship-building, 

thus justifying a need for soft skills training to help students build their own professional 

networks.

Recommendations:

• Dedicate and emphasize a significant time toward soft skills training 

to help students build connections and develop a supporting 

network.

Lesson 2 – The right amount of guidance empowers students to balance 
autonomy and motivates them: While we encouraged our teams to be largely self- 

organized, this proved to be a delicate balancing act. We realized throughout the 

duration of this program that not enough autonomy would lead to feelings of being 

micromanaged. On the other hand, too much autonomy meant that students sometimes 

felt lost and were facing overwhelming uncertainty. We observed this closely in our 

cohort, with some students expressing a lot of anxiety and stress early in the semester 

when faced with independence: “I would say, the very beginning with the whole trying 

to figure out research and stuff on the different keywords, I think we were all kind of in the 
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same boat at that point, trying to like figure out what we’re doing.” Work by Noll et al. [13] 

supports these feelings, speculating that individuals with lower competence, such as 

our students at the start of the term before learning new skills, will not benefit from high 

levels of autonomy. For this reason, we front-loaded substantial technical, soft skills, and 

EDI training in the program so that every student would receive some initial guidance in 

a variety of soft and technical skills to increase feelings of competence.

As the term progressed, the contrary was observed through the increase in 

competence and relatedness of students in the program. Throughout the term, 

students developed a variety of skills and had the opportunity to bond with their team 

members. Team members often helped each other overcome different challenges or 

navigate knowledge gaps leveraging their diverse backgrounds and skillsets. As the term 

progressed further and students further developed their competence, they expressed an 

appreciation for autonomy; one student says, “We’re given the space to come together and 

kind of figure it out what’s needed, in my opinion, as a team to kind of figure out how to 

grow together.”

With the teams’ progressing through changes in their own competence and 

relatedness, the teaching team required to adjust how much intervention was needed 

with the team’s processes. We realized that students built up autonomy over and relied 

on our guidance less and less as the semester progressed. Thus, incorporate motivating 

the students to work in their own pace and empower them to succeed.

Recommendations:

• Provide adequate support to ensure students are not overwhelmed 

by autonomy and monitor student feedback to adapt if necessary.

• Consider changing skillsets of the students and adjust the level of 

support accordingly.

Lesson 3 – Proper structure enhances community-engaged collaboration between 
the students and the community partners: In this program, community partners’ 

collaboration was crucial to the success of the experiential learning process. Students 

expressed feeling highly motivated as a result of working in a real project with the 

community partners. The students felt more accountable in producing a successful 

final product as this product would be deployed to the community. When comparing 

the program to a typical course, one student described, “You just have an imaginary 

community partner or user requirements that doesn’t change over time. It’s just solid; they 

give you a problem statement, and you solve it.” However, they expressed that in this 
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program “the element of getting real people [had] a big role, because what [they] build 

might actually end up saving lives.”

Despite real clients being so important to the students’ motivation and success, the 

community partner’s vision for the solution collided with the students’ skillsets. For 

some of the projects, the scope was so large that the students were required to conduct 

extensive user research in the first two months to define the scope to a workable state as 

well as consider their own skills and knowledge to set the scope. Project 5, for example, 

had a somewhat unclear and broader scope as mentioned by one of the students: 

“It’s clear that the project’s scope is significant and, at times, very daunting.” Thus, they 

negotiated the scope of their project with the community partner. The community 

partner for this project mentioned having to bring students back on track as oftentimes 

they would deviate. “We seem to have been pivoting and spinning our wheels a little bit 

more … I do know that because of the scope of the existing problem. It was really huge. And 

to try and keep the team focused on just chunking out something small, as part of it, was a 

task in itself.”

As a solution for such expectation conflicts, the community partners expressed the 

need for more guidance (written guidelines) regarding how much their involvement 

should be. Students conveyed similar needs. To facilitate this improvement, one of the 

community partners suggested “more touch points across groups, offering everybody a 

chance to get together or something.” They also expressed that it would have been helpful 

to “hear from the other community partners to see how it’s going for them.” Hence, 

more support is desired by both students and clients to make this collaboration more 

successful to build a supportive network.

Recommendations:

• Provide a guideline to the community partners to mitigate 

uncertainty regarding how they are expected to interact with 

students.

• Add more instruction and training in communication, negotiation, 

and scoping skills, since many students are engaging with 

community partners for the first time.

Lesson 4 – Through mentorship and EDI training, students learn to overcome 
challenges of working in a diverse team. Diversity has the potential to both benefit 

and hinder team performance [7]. One student described a frustrating experience in 

which they were encountering too many perspectives, saying, “The most eye-opening 
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thing to me is like, how we can have like, the same objectives but like, the same goals but 

like different ways and like solving the same problem.” However, the EDI training helped 

them realize the importance of different views in a team. The EDI training consisted of 

targeted workshops where a EDI trainer from the university explained the various facets 

related to equity, diversity, and inclusion.2 The training consisted of several exercises 

that enforced critical thinking on understanding one’s own privileges and the use of 

correct wordings while engaging with different people. The concept of empathy and 

equity was a key discussion in this training.

In the early stages, the students would often prioritize their own work as 

“important” over others, which would result in frustration for the other members. This 

highlights the teams going through the storming phase of Tuckman’s [16] model of 

group development. However, with adequate mentoring from their industry mentors 

and instructional team, they soon realized that it was necessary to learn to discard 

personal biases for the betterment of the project. One student said, “I have a process 

or method that I have developed on my own and naturally think it is the best and most 

efficient system ever, but it’s clashing with these other three or four [team members]. I 

have never worked in a group setting before where our views and opinions could differ so 

significantly on such a small detail, mostly fascinating than something to be concerned 

about. I do see what they mean and try to understand why that is truly the best solution, 

most of the time it is, which is really cool to see how the collaboration worked to create the 

most efficient solution.”

As a result of the continuous guidance on practicing EDI, soon the students started 

leveraging their team diversity through efficient work distribution. Diversity was a 

prominent part of the program, and practicing inclusion in teams was constantly 

encouraged though training and mentorship. Hence, by the end of the program, the 

students realized how impactful working in a diverse team can be. “I have found 

working on a diverse team enjoyable. It has given me the opportunity to learn new 

things, as everyone is in a different discipline and has different specialties. My ability to 

learn from my teammates is made possible through the team culture, which encourages 

asking questions, getting feedback from each member, and offering as much assistance as 

possible.”

2 www.uvic.ca/equity/education/workshops/index.php
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Recommendations:

• Include explicit EDI training throughout the course of the project and 

emphasize the benefits of working with diverse teammates.

• Be prepared to provide mentorship to students as conflict is expected 

from time to time.

 Conclusion
We presented a pioneering program that aimed to motivate students from 

underrepresented backgrounds to stay and succeed in computer science and software 

engineering through community-engaged experiential learning. Over the course of four 

months, the students first received soft skills and technical training from the instructor 

team. Consecutively, they engaged with the community partners in identifying and 

scoping the problem before conducting weeks of prototyping and solution validation. 

Solving the diversity problem is not a small feat, and we hope that our program 

design, lessons learned, and recommendations are useful for other universities and 

organizations looking to help tackle the issue in their own communities. The experiences 

described in this chapter represent the first step of our INSPIRE program aiming to help 

address diversity in computer science and software engineering. We summarize our 

lessons learned and recommendations as a number of takeaways (see Table 26-3) from 

our experience running the first cohort of INSPIRE.
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Table 26-3. Takeaways

Lessons Learned Recommendation

training on soft skills facilitates building a 

successful network of diverse individuals 

in software engineering.

 − Dedicate and emphasize a significant time 

towards soft skills training to help students build 

connections and develop a network.

the right amount of guidance empowers 

students to balance the autonomy and 

motivates them.

 − provide adequate support to ensure students are 

not overwhelmed by autonomy.

 − Consider how skilled the students are becoming 

and adjust the level of support accordingly.

proper structure enhances the community 

engagement experience between the 

students and community partners.

 − provide a guideline to the community partners 

to mitigate uncertainty regarding their expected 

interaction with students.

 − add more instruction and training in 

communication, negotiation, and scoping 

skills since many students are engaging with 

community partners for the first time.

through mentorship and eDI training, 

students learn to overcome challenges of 

working in a diverse team.

 − Include explicit eDI training throughout the course 

of the project and emphasize the benefits of 

working with diverse teammates.

 − Be prepared to provide mentorship to students as 

conflict is expected from time to time.
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How do you measure technology’s support for diverse populations in a way that is 

actionable and can lead to more inclusive designs of the technology? This chapter 

presents a method and the validated GenderMag survey that powers the method. The 

survey measures diversity gaps in technology in a fine-grained way, and the method shows 

how to use it to translate an empirical study’s findings into actionable design directions.

 Introduction

Measurement is the first step that leads to…improvement (IBM quality 
expert H. James Harrington) [11].

https://doi.org/10.1007/978-1-4842-9651-6_27
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Many scientists and researchers, including us, agree with Mr. Harrington. When 

considering diversity, a reason for measurements is often a desire to change something 

to improve the support for diversity.

Our interest lies in measuring the diversity of a user population that a software 

system intends to support. Improving how well a software system supports diverse 

users in technology requires diversity measurements that are truly actionable – not 

just a demographic measurement (e.g., “we don’t support women as well as other 

people” or “only 37% of women would recommend our software, compared with 51% 

of other people”). Demography-based measurements can point out what features 

disproportionately affect diverse users and how often these issues arise but are incapable 

of explaining why these issues exist in the first place. Those why’s are the missing link 

that enables translating the empirical study findings into actionable design fixes.

To obtain those missing why’s, what is needed is a fine-grained measurement 

device that relates technology misfires with diverse individuals’ traits relevant to the 

usage of technology. Toward that end, we have developed a diversity measurement 

method based on the GenderMag facets enabled by a GenderMag facet survey. The 

GenderMag facets represent different cognitive styles that impact how individuals 

go about using technology, in which the differences (statistically) cluster by gender. 

The GenderMag facet survey provides a new, fine-grained method for understanding 

diversity gaps in technology and in technology-related artifacts (e.g., user interfaces, 

documentation, user manuals). Although our previous work used facet surveys, this is 

the first time we explain the exact steps of the scoring and the validation process. The 

survey enables (1) extracting information on who runs across which inclusivity bugs and 

why, (2) comparisons between a technology’s before and after diversity support, and (3) 

developers and designers to understand how to make the empirical results actionable.

 Background: The GenderMag Facets
The GenderMag facet survey is a companion to the GenderMag method [2]. GenderMag 

is an evidence-based inclusivity evaluation method that software practitioners can use to 

find and fix inclusivity bugs. GenderMag has been used for a wide range of applications 

[4, 8, 9, 10, 12, 14, 15, 17].
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At the core of GenderMag are five problem-solving styles called facets in GenderMag 

(Figure 27-1), each of which is backed by extensive foundational research [2, 16] and has 

a range of possible values. A few values within each facet’s range are brought to life by 

the three GenderMag personas: “Abi,” “Pat,” and “Tim.” Statistically, Abi’s facets are more 

common among women and Tim’s are among men, whereas Pat has a mix of Abi’s/Tim’s 

facets plus a few unique ones.

Each facet describes how different individuals approach problem solving when using 

technology. For example, some women may have a process-oriented learning style like 

Abi, which means they would prefer to learn new technologies in the context of a tutorial 

or an explicit process. When looking for information to progress, some individuals may 

be more selective (Tim’s processing style) as in they pick the first promising option 

instead of reading through all the information. These facets can help designers pinpoint 

how to better support all genders within technology, and the facet survey enables them 

to measure a respondent’s facet values (Figure 27-1).

 The Facet Survey: What It Is
The GenderMag facet survey (Figure 27-2) is a validated Likert-scale survey that collects 

a respondent’s particular facet values for each of the five facets in Figure 27-1. We 

initially created it as a part of a longitudinal field study at Microsoft that occurred in 

2015–2016 [3].

At that time, Microsoft had just developed a strong interest in supporting diversity 

and inclusion within its products – not just its workforce climate. This timeframe 

coincided with the emergence of GenderMag and Burnett’s sabbatical at Microsoft, and 

subgroups of Microsoft employees were considering using all or portions of it. However, 

GenderMag’s generality and applicability to their products had not been established yet, 

and some employees wondered whether the facet distributions across genders that the 

GenderMag team had seen elsewhere really applied to their customers.
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Figure 27-1. The GenderMag facet types and their values for each persona [2]. The 
colors are used throughout this chapter to associate the survey questions/scoring 
with these facets
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Microsoft’s “Team C2” was the first to raise this question, and to answer it, they 

sought validation within their product’s customers. Thus, they collaborated with the 

GenderMag team to develop and run a GenderMag facet survey, which is framed within 

the GenderMag method. This survey helped them in validating the GenderMag facet 

values and accompanying gender distributions in their customer base. The survey 

results also answered the question that Team C2 had sought to answer: whether the 

GenderMag facets were indeed pertinent to their own customers.
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Figure 27-2. The facet survey. Top: Question colors indicate the facet being 
measured (Figure 27-1). Bottom: All questions use a nine-point Likert scale
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More importantly, the survey results revealed a measurement benefit we hadn’t 

anticipated: it offered a measure of diversity outcomes at a higher resolution than 

standard demographic measures. In this chapter, we define a higher-resolution measure 

as one that can discriminate between two points that, with a lower-resolution measure, 

cannot be discriminated. Applying this concept to diversity outcome measurements, 

suppose that 67% of women run into barriers with a particular feature of a technology 

product and 33% do not. What are the differences between someone in the 67% and 

someone in the 33% group other than the outcome? If all we have is their gender 

demographics, all we know is that they are women, and we cannot see their differences. 

However, if we also have their facet values, we can see differences that gender 

demographics alone cannot reveal.

The facet survey can be used in several ways, but the primary use we discuss in this 

paper is to obtain fine-grained measurements of diversity in an empirical investigation.

 Scoring the Survey
After participants have responded to the facet survey, we can score their responses 

using the survey key in Figure 27-3. Since Abi and Tim are the personas who represent 

the endpoints of each facet’s spectrum of possible values, we use those persona 

names to relate a participant’s responses to these two endpoints. We score using the 

following steps:

Step 1 (Complement): Convert the answer scores to numbers from 1 (Completely 

disagree) to 9 (Completely agree). For some questions, closer to 9 is Tim-like. But 

the opposite is true for how Questions 2 and 9–13 are worded, so for these questions, 

“reverse” the participants’ responses to their tens’ complement (i.e., convert “9” to “1,” 

“8” to “2,” etc.).

Step 2 (Sum each facet): For each participant, sum the results of Step 1 for each 

facet. The colors in Figures 27-1 and 27-2 represent facets. This step results in five scores 

per participant, one score for each facet.

Step 3 (Calculate facet medians): The scores are not “absolute.” Rather, they are 

relative to a participant’s peer group. For example, a group of college students would be 

expected to have different levels of computer self-efficacy, different styles of learning 

technology, etc. than a group of retired people. To find the middle of the peer group (we 

assume a peer group is the participants recruited for the study), calculate the median 

“sum of scores” of all the participants from the same peer group, for each facet.
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Step 4 (Tag each participant’s facet score): To the right of teach facet’s median 

(above) is Tim-like; otherwise, it is Abi-like. If the participant’s facet score is the facet 

median, then it is up to you to decide whether they are an Abi or Tim. You can decide on 

this in a way that helps balance the sample sizes, or you can add a third tag (Pat-like).

In the end, each participant has a five-tuple tag representing each facet. Most 

participants turn out to have a mix of facet values. For example, a participant might have 

self-efficacy, motivations, and a risk attitude closer to Abi’s, but information processing 

style and learning style closer to Tim’s. The scores calculated from the facet survey then 

can be used to analyze when a technology is failing to be inclusive, why it is so, and 

exactly who are affected by it, as we detail next.

 From Scores to Understanding to Actions
We show how to analyze these scores in a way that points toward fine-grained 

understanding and then actionability using Team V as a running example [17]. Team V 

had two versions of a prototype: the “Before” version was the one currently in production 

usage, and the “After” version was a redesign to fix six inclusivity bugs of the Before 

version that Team V had found using the GenderMag evaluation method.

To understand in a fine-grained way their inclusivity progress, equity progress, and 

where design actions were still needed, Team V empirically evaluated both versions in 

a between-subject user study, in which Team V’s participants responded to the facet 

survey and then worked their way through the prototype’s main use cases.

Fine-grained diversity comparisons between versions: Team V used the facet 

survey to compare their Before vs. After versions’ participants’ encounter with the 

inclusivity bugs. Figure 27-4 aggregates the results for all six inclusivity bugs by counting 

Figure 27-3. Facet survey key. The more strongly the participant agrees on a 
question, the closer their facet value is to the endpoint (persona name) shown
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the facet responses of Team V’s participants who faced the bugs. For example, if a Before 

participant had three Abi facets and two Tim facets, they would add 3 to the “Before” 

orange bar and 2 to the “Before” blue bar.

As the figure shows, in the Before version, Abi facets were more impacted by 

inclusivity bugs than Tim (34 Abi facets ( ) vs. 26 Tim facets ( )). The After version 

reduced the facets impacted for both: Abi 13 ( ) and Tim 17 ( ). Therefore, the After 

version improved inclusivity for both Abi- and Tim-faceted users; but it was still not 

equitable since Tim-like facet values were more impacted than Abi-like facet values.

Fine-grained understanding of who and why: To understand how to fix a bug, such 

as Bug#4 (Figure 27-5), we first need to know who experienced it and why. In this bug, six 

of Team V’s participants (Before1, Before2, Before4, Before5, Before8, and Before10) 

faced the inclusivity bug in the Before version and two (After7 and After10) in the After 

version. (The participants are ordered by the number of their Abi ( ) vs. Tim ( ) facet 

values, with Abi’s at the top and Tim’s at the bottom.)

In the Before version, six of Team V’s participants spanning every facet value 

experienced Bug#4 difficulties, with 16 Abi-facet count ( ) and 14 Tim-facet count ( ). 

In the After version, only two of Team V’s participants faced the bug, with the Abi-facet 

count ( ) now down to 2 and the Tim-facet count ( ) down to 8. This reduction means 

that the Bug#4 fixes brought inclusivity by improving the prototype for both Abi-and 

Tim-like users. But the After version did not achieve equity, with Tim-like facet values 

facing more difficulties than Abi’s (8  vs. 2 ).

Figure 27-4. Number of observed facets in the facet survey responses of Team V’s 
participants who faced inclusivity bugs. Orange: Abi facets. Blue: Tim facets
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Figure 27-5. Results of Bug#4 in [17]. Facets of the six Before and two After 
versions’ participants with action failures. -: participant had no action failures. 
M=Motivations, SE=Self-Efficacy, R=Risk, IP=Info Processing, L=Learning

Where designers’ actions helped and where more were needed: These counts 

showed that designers’ Bug#4 remedies in the After version had been very successful: 

users with all five Abi-like facets and four Tim-like facets fared better than they had 

with the Before version. However, support for users with Tim-like motivations had not 

improved. This points designers directly toward designing further Bug#4 improvements 

to better support Tim’s motivations (without sacrificing support for Abi’s motivations); 

Guizani et al.’s “Why/Where/Fix” inclusivity debugging approach gives examples of how 

to do this [10].

To summarize, the Team V example shows how the facet survey can enable fine-

grained diversity comparisons between two versions, fine-grained understanding of 

“who” are being left out and their facet values, and shows designers where to take action 

by fixing inclusivity bugs based on the facet values of who’s still being left out.

 How We Validated the Survey
To validate the survey, we followed these steps, but they were intertwined with each 

other and with the creation process:

Step 1:(Pre-validation) Started with questions from other validated surveys

Step 2: (Reliability) Ran the survey and assessed response consistency using 

Cronbach alpha tests

Step 3: (Cross-validation) Cross-analyzed results from administering to other 

populations, intertwined with Step 4
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Step 4: (Cluster analysis + condense) Cluster analyses to reduce the number of 

questions needed

Step 5: (Demographic validation) Quantitative comparison of facet responses with 

participants’ gender identities

Step 6: (Empirical) A validation study comparing participants’ survey responses with 

their verbalizations while working with the technology

Much of this intertwined process was a joint effort with Microsoft’s Team C2 [3]. 

In Step 1, we worked with Team C2 in a formative way, which we’ll refer to as pre-

validation. In this step, we drew applicable existing questions from other validated 

surveys/questionnaires in the literature. This approach provided about two-thirds of the 

questions from established, validated questionnaires such as [6]. Although excerpting 

portions of a validated questionnaire cannot bring “validation” to the new questionnaire, 

the strong provenance of those excerpts enabled an evidence-based start to the survey. 

For facets with no validated questionnaire, we had to develop pertinent questions 

ourselves by drawing on existing research as much as possible. Stumpf et al.’s summary 

of gender-meets-technology literature covers much of the research base from which we 

drew [16].

After several iterative improvements, in a 2015 study, Team C2 ran the survey on 

500 men and 500 women who were Microsoft’s customers. For Step 2 (Reliability), we 

analyzed their results using Cronbach alpha tests [7], a widely used way of measuring the 

reliability of a set of questions. The results validated the survey’s inter-item reliability. 

Specifically, the results were above the 0.8 level for two of the five facets (Information 

Processing Style and Self-Efficacy), above the 0.7 level for two others (Motivations and 

Risk), and at 0.691 for Learning Style. Cronbach alpha’s above 0.8 is generally considered 

to be good and above 0.7 to be acceptable, but Churchill also argues that 0.6 should also 

be considered acceptable [5].

Word of the survey spread, and by Step 3 (Cross-validation), other interested teams 

began to work together to share and cross-analyze survey results. At the same time 

(Step 4, Cluster analysis and condense), several Microsoft data scientists got involved to 

whittle down the number of questions needed by analyzing responses, so as to reduce 

possibility of survey fatigue. One team also validated their survey with user interviews 

and think-aloud studies.

One validity question that needed to be answered was whether the facet values 

reported by Team C2’s 1,000 survey respondents differed (quantitatively) by gender 

identity (Step 5, Demographic validation). One qualitative study in 2019 to answer this 
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question involved 20 participants [17]; another in 2021 involved 1,000 participants [1]. 

As Figure 27-6 shows, these participants’ facet values did cluster by their gender where 

women skewed more toward Abi than men did.

Figure 27-6. Facet survey results for two genders. x-axis: # of facet values scored 
as (top row): “Abi”-like; and (bottom row): “Tim”-like. y-axis: # of participants. 
Example: The bar at “5 0” shows the number of participants with all five Abi- like 
facet values. (Left chart, [17]; right chart, [1])

Finally (Step 6, Empirical), in a 2022 think-aloud study [10], we compared 

participants’ facet survey responses with their in situ verbalizations during a think-aloud 

problem-solving task. Figure 27-7 shows results from this comparison. When an outline 

color (their in situ verbalized facet value) is the same as the shape’s fill color (their 

survey response), then their survey response matched that participant’s verbalized facet 

value in that moment of their work. In total, 78% of participants’ in-the-moment facet 

verbalizations aligned with their facet survey responses, which suggests that the facet 

survey was a reasonable measure of participants’ actual facet values.
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Figure 27-7. Think-aloud study participants [10] who ran into one set of 
inclusivity bugs with their facet values, validated with their in situ responses. |  : 
the facet scores from the participants’ survey responses for Abi-like and Tim- like 
facet values, respectively. |  : Abi-like|Tim-like facet values participants 
verbalized in situ when they ran into a bug

 Key Takeaways
The key takeaways from this chapter are as follows:

Fine-grained diversity measurements: The GenderMag facet survey measures 

technology’s diversity gaps in a fine- grained way, showing not only who experiences 

which inclusivity bugs but also why they experience each inclusivity bug they encounter.

Fine-grained comparisons: The survey enables comparisons between different 

prototype versions showing not only which version is more inclusive but also why and 

for whom that version is more inclusive.

Actionable: The why’s are actionable: designers can design fixes to an inclusivity bug 

around the facet values of those experiencing it.

Validated: The survey has been thoroughly validated.

The survey has uses beyond measurement, such as to select a facet-diverse set of 

participants [10] or for team building [13], but its main purpose is measuring diversity 

actionably. We invite researchers, developers, and designers everywhere to use it to gain 

new insights into both how to address their technology’s diversity failures and how to 

repeat their technology’s diversity successes.
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CHAPTER 28

How to Ask About Gender 
Identity of Software 
Engineers and “Guess” It 
from the Archival Data

Alexander Serebrenik*, Eindhoven University of Technology, The Netherlands.

Multiple studies of gender in software engineering require identifying gender of the 

individuals involved either by asking them (when conducting interviews and surveys) 

or by “guessing” it from archival data recorded in software repositories. In this chapter 

we discuss ways to ask about gender in surveys and interviews as well as three groups of 

automated genderization approaches proposed in the literature: name-to-gender, face- 

to- gender, and artifact-to-gender. For each one of the approaches, we discuss the way 

they work, the associated ethical concerns, the reliability and accuracy concerns, and the 

assumptions they make.

 Introduction
When it comes to studies of diversity in software engineering, gender is by far the 

most studied diversity dimension: 61% of the scientific studies recently surveyed by 

Rodriguez-Perez et al. have considered gender [34]. Indeed, previous studies have 

shown that women participating in open source projects disengage faster than men 

[32], that while women concentrate their work across fewer projects and organizations, 

https://doi.org/10.1007/978-1-4842-9651-6_28
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men contribute to a higher number of projects and organizations [14], men and women 

follow different comprehension strategies when reading source code [40], and men 

tend to switch more frequently between debugging strategies [8]. Several studies in 

this volume also consider gender as a variable of interest: for example, Hashmati and 

Penzenstadler in Chapter 5, “How Users Perceive the Representation of Non-binary 

Gender in Software Systems: An Interview Study,” report on an interview study of 

representation of gender in software; Gama et al. in Chapter 16, “Toward More Gender- 

Inclusive Game Jams and Hackathons,” focus on experiences of transgender (binary and 

non-binary) and gender-nonconforming people related to jams and hackathons; Kohl 

and Prikladnicki in Chapter 11, “Gender Diversity on Software Development Teams: A 

Qualitative Study,” conduct a survey of gender diversity in software development teams; 

Simmonds et al. in Chapter 23, “Rethinking Gender Diversity and Inclusion Initiatives 

for CS and SE in a University Setting,” discuss the findings of the focus group of women 

and non-binary students; and Happe in Chapter 25, “Effective Interventions to Promote 

Diversity in CS Classroom,” studies frustrations steering women away from computer 

science. All these studies require the researchers to obtain information about gender 

identity of the study participants (for controlled experiments, interviews, and surveys) or 

of the individuals that have contributed to the dataset analyzed (for data-driven archival 

studies such as repository mining). As we are going to see in the following, obtaining 

such an information is fraught with challenges, and inappropriate ways of doing this 

might both alienate study participants and threaten validity of the scientific results. The 

challenges are not limited to researchers: indeed, everyone conducting internal surveys, 

performing marketing analysis, adding “gender” questions in the user interface of the 

software, or aiming at understanding user satisfaction necessarily has to find their way of 

recording information about gender identity.

To support both researchers and practitioners, in this chapter we take a look at the 

techniques used to obtain information about gender and the associated advantages and 

challenges.

Before we even start discussing how information about gender can be obtained, one 

has to remember that gender is a complex social construct of norms, behaviors, and 

roles that varies between societies and over time. Hence, study of gender in general, 

gender identities, or gender expression of individuals should be done with utmost care. 

Whatever technique we use, we should keep in mind that gender is privacy sensitive 

and should be treated as such even if such regulations as the General Data Protection 

Regulation (GDPR) do not consider this information as sensitive. In particular, open 

source contributors might be hiding their gender on purpose, for example, many women 
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developers prefer not to disclose their gender due to safety concerns. Moreover, some 

open source projects do not necessarily want us to know the genders of their members 

(but some do!), and companies might be sensitive to this topic as well.

 Talking to People
One of the most popular ways of obtaining information about gender is asking 

the individuals themselves, as part of a survey or an interview. We should keep in 

mind, however, that reliability of this method strongly depends on the ability of the 

respondents to understand the question and find an answer corresponding to the way 

they see themselves.

In Asking Questions: The Definitive Guide to Questionnaire Design, Bradburn et al. 

[6] suggest recording the respondent’s gender by asking, “What is your/NAME’s sex?” 

and offering two answer options, male and female. This question conflates biological 

sex and socially constructed gender and reduces the spectrum of options to merely 

two. However, by now it is well known that both the biological reality of sex and the 

social reality of gender are much more complex [17]. For example, the recent survey 

of Stack Overflow indicates that 1.42% of software developers identify as non-binary, 

genderqueer, or gender nonconforming and 0.92% prefer to self-describe.1 In the 

survey of the Linux Foundation, 4% of the respondents have indicated their gender as 

“non-binary/third gender.”2 Surprisingly, in December 2018, a popular survey platform 

SurveyMonkey was still offering “female” and “male” as the only options for the “What is 

your gender?” question [43].

Hence, at the very least, the phrasing of the question about gender should reflect 

existence of genders other than women and men. One of simplest ways of phrasing such 

a question would be “Are you…male, female, something else? Specify ____.” In December 

2018, a similar phrasing has been the default in Google forms [43], and a similar 

question has been used by Roberts et al. in a 2022 study of Australian adolescents’ eating 

pathology [33]. Such a phrasing is profoundly problematic as it expresses a preference 

toward “male” and “female” pushing all other gender identities outside of the norm – 

this process is known as othering [10, 47], “differentiating discourses that lead to moral 

1 https://insights.stackoverflow.com/survey/2021#developer-profile-demographics
2 www.linuxfoundation.org/wp-content/uploads/LFResearch DEISurvey ResultsDeck 
121321.pdf
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and political judgments of superiority and inferiority between ’us’ and ’them’” [12]. 

Moreover, by allowing the respondents to select only one answer option, this phrasing 

excludes people who are, for example, women and non-binary. Finally, in the empirical 

evaluation performed by Bauer et al. [3], cisgender participants had no problems 

answering this question, but transgender participants tried to understand what exactly 

the researchers were asking and reached different conclusions: both transfeminine 

(assigned male at birth and identify as women/non-binary) and transmasculine 

(assigned female at birth and identify as men/non-binary) respondents have given all 

three possible answers (male, female, other) rendering this question useless. When 

used in the interviews, this item was cognitively taxing for transgender interview 

participants [3].

The previous discussion suggests that (a) one should avoid referring to certain 

gender identities as “other”; (b) if answer options are provided, respondents should 

be able to select several options; and (c) the phrasing should explicitly refer to gender 

identity. Several proposals satisfying these requirements have been made in the 

literature. For example, Spiel et al. [43] recommend asking, “What is your gender?” 

with the following five checkboxes: “woman,” “man,” “non-binary,” “prefer not to 

disclose,” and “prefer to self-describe.” If the last option is checked, a free-form field 

opens up. Nikki Stevens, author of the Open Demographics project,3 suggests phrasing 

this question as “Where do you identify on the gender spectrum?” followed by a list of 

30 gender identities taken from The ABC’s of LGBT+ by Ashley Mardell [24], as well as 

“prefer not to answer” and “self-identify: ____.” One should be aware, however, that a 

lengthy list of gender identities might be experienced as confusing and take too much 

time if used as part of a larger survey.

Instead of offering answer options, one might also ask an open question as 

recommended by Scheuerman et al. in “HCI Guidelines for Gender Equity and 

Inclusivity.”4 In this case researchers will be required to manually code the responses, so 

the expected number of participants should not be too large, which is often the case for 

software engineering surveys. Moreover, open questions might elicit absurd reactions 

such as “bagel” or aggressive reactions such as “attack helicopter,” originating from a 

meme ridiculing non-binary gender identification [16].

3 http://nikkistevens.com/open-demographics/questions/gender.html
4 www.morgan-klaus.com/gender-guidelines.html#Surveys
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Summary When conducting interviews or small surveys, and the risk of 
aggressive or absurd responses is deemed small, prefer an open question such 
as “Where do you identify on the gender spectrum?” For larger surveys or surveys 
of populations that are more likely to provide absurd or aggressive responses, 
consider offering the following five checkboxes: “woman,” “man,” “non-binary,” 
“prefer not to disclose,” and “prefer to self-describe ____.”

 Mining Software Repository Data
Repository mining studies analyze contributions from tens of thousands [32] to tens 

of millions of individuals [35]. This wealth of data allows one to carefully distinguish 

fine-grained statistical effects or perform longitudinal studies spanning over 50 years. 

However, when analyzing these amounts of data, it becomes no longer feasible to 

contact every single individual and ask them about their gender identity. In case of 

longitudinal studies, individuals might have retired or passed away; in case of large- 

scale studies of contemporary software development practices, contacting tens or 

hundreds of software developers might be technically possible, but it will likely lead to 

community disengagement, threatening the already low response rates [41]. To address 

this challenge, multiple tools have been proposed to automatically obtain gender 

information from the way developers present themselves, for example, by selecting 

their username or an avatar, or from the artifacts they produce such as source code 

or comments. The tools can be broadly classified as name-to-gender, face-to-gender, 

and artifact-to-gender. Many of these tools have not been designed with the software 

engineering data in mind, but software engineering data has its own peculiarities we 

discuss in the following.

 Name-to-Gender
As Bradburn et al. [6] have put it, “<s>ometimes a person’s gender is obvious from 

his or her name.” Phrasing this more carefully, we can say that many cultures tend to 

associate specific names with specific genders: For example, Božidar is a Bulgarian 

name commonly given to men, while Nijol is a Lithuanian name commonly given to 

women. At the same time, לט (Tal) is a Hebrew name that can be given to a child of any 
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gender. In their most basic form, name-to-gender tools merely look up a given name in 

lists of names typically associated with women and men and return “woman,” “man,” or 

“unknown” depending on relative prevalence of a certain name within a specific gender. 

Prevalence is sometimes used to express degree of confidence of the tool in the gender 

inferred. For example, genderize.io states “male” with 0.99 confidence for “bozidar,” 

“female” with 0.99 confidence for “nijole,” and “male” with 0.68 confidence for “tal”.

However, this kind of basic approach fails to take into account differences between 

cultures: for example, Andrea is more commonly associated with men in Italy and with 

women in Germany, while Karen is mostly associated with women in the United States 

and with men in Armenia. International collaboration means that the same software 

engineering project or the same software engineering dataset might involve contributors 

from different cultures. This requires more advanced name-to-gender genderizers to 

take the cultural background into account. genderComputer that has been designed 

to analyze Stack Overflow data uses location as a proxy for cultural background [45]. 

However, less than 20% of Stack Overflow users in the sample analyzed by Vasilescu et al. 

have indicated their location, and location as indicated by users does not necessarily 

correspond to an actual geographic location (e.g., The Matrix) [45]. Moreover, using 

location as a proxy for national culture fails to take into account immigration-related 

effects.

This is why Namsor5 uses the individual’s surname as a proxy for national culture. 

This allows Namsor to infer that Andrea Rossini is (more likely) to be a man, while 

Andrea Parker is (more likely) to be a woman.6 This also makes Namsor one of the most 

accurate name-to-gender tools [36, 38]. Closer inspection reveals a different story, 

however. Santamaria and Mihaljević [36] reported that confidence of Namsor is almost 

perfect for European names, but the median confidence drops to 70% for Asian names. 

In particular, Eastern and Southeastern Asian names are difficult to genderize. Half of 

the East Asian names have a confidence score of 0, indicating that Namsor is essentially 

guessing randomly. This Eurocentric bias is problematic when trying to apply automatic 

gender inference techniques to software developers: the recent Stack Overflow survey 

shows that almost one out of four software developers have indicated different Asian 

regions as their ethnic background; in particular, 4.2% of the respondents are East 

Asian and 4.39% Southeast Asian.7 Recognizing this limitation of Namsor, Qiu et al. 

5 https://namsor.app/
6 https://namesorts.com/api/
7 https://insights.stackoverflow.com/survey/2021
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combined it with genderComputer and designed a classifier trained on public name lists 

and celebrity name lists [32]. The features of this classifier included the last character 

(e.g., in Spanish, names ending in a are usually associated with women), the last two 

characters (e.g., in Japan, names ending in ko are usually associated with women), and 

tri-grams and 4-grams to capture romanized Chinese, Japanese, and Korean names. 

The combined name-to-gender tool outperformed both genderComputer and Namsor: 

for example, accuracy on Chinese names was 60% as opposed to 7% of Namsor and 

18% of genderComputer [32]. A similar, character-based approach has been combined 

with deep learning models by Hu et al. [13]. The work of Qiu et al. has also inspired the 

Namsor developers to further develop special techniques for Chinese8 and Japanese 

names.9 Still, a 2022 study of Sebo shows that even for the current version of Namsor, the 

overall proportion of errors (misclassifications and non-classifications) is 53% [39]. What 

is even more problematic is that Namsor tends to perform worst for names associated 

with women as opposed to those associated with men (19.2% of the former names have 

been categorized correctly as opposed to the 66.5% of the latter) [39].

However, with all the improvements, Namsor cannot be applied if the individual 

is known by a mononym: for example, an Indian-American scientist and educator 

Govindjee is known by a single name only. This also limits the applicability of Namsor to 

such datasets as Stack Overflow: 43% of the Stack Overflow usernames do not use spaces 

and hence cannot be analyzed using Namsor. Since genderComputer has been designed 

for Stack Overflow, it implements several heuristics targeting software developers. 

In particular, if the name cannot be easily split into first name(s) and last name(s), 

genderComputer assumes it is formatted according to common naming conventions 

for usernames (e.g., “johns” for “John Smith”) [4] and restarts the genderization process 

(e.g., with “john” derived from “johns”) [45].

Another limitation of all the aforementioned approaches is their inability to take 

age into account. Indeed, for example, in Pennsylvania such names as Morgan and 

Robin that have been predominantly associated with men in the past have evolved to 

being associated with people of any gender and more recently to be more commonly 

associated with women [2].

Summarizing the discussion of name-to-gender tools, we can say that multiple 

name-to-gender tools have been developed by open source practitioners, academic 

researchers, and company-based software engineers. These tools tend to approximate 

8 https://chinese-names.app/gender
9 https://japanese-name.app/
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cultural background by analyzing the location or the surname of the individual. While 

age might have affected popularity of names among individuals of different genders, to 

the best of our knowledge, no currently available name-to-gender tool takes age into 

account.

To conclude this discussion, we list several examples of name-to-gender tools. As 

providing a complete overview of those tools would not be feasible, Table 28-1 only lists 

examples of the name-to-gender tools that (a) are available at the moment of writing and 

(b) have been empirically evaluated in scientific publications other than the paper that 

has introduced those tools.

Table 28-1. Examples of name-to-gender tools

Tool URL Empirical Evaluation

Gender apI https://gender-api.com/en/ [5, 27, 36, 38, 39]

genderComputer [45] https://github.com/tue-mdse/

genderComputer

[22, 30, 32]

gender-guesser [28] https://pypi.org/project/gender-

guesser/

[5, 36]

genderize.io https://genderize.io/ [5, 27, 30, 36, 38]

Genni [41] http://abel.lis.illinois.edu/cgi-

bin/genni/search.cgi

[30]

NameapI www.nameapi.org/ [27, 36]

Namsor https://namsor.app/ [27, 32, 36, 38, 39]

Wiki-Gendersort [7] https://github.com/nicolasberube/

Wiki-Gendersort

[38, 39]

 Face-to-Gender
Another way developers present themselves on social platforms such as Stack Overflow 

and GitHub is by using avatars. This means that face recognition techniques such as 
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Facelytics,10 Face Analysis by Visage Technologies,11 and PicPurify12 can be applied to 

the avatars to identify gender of the individuals on these avatars. Indeed, on the task of 

identifying gender of Stack Overflow users based on their avatars, a face-to-gender tool 

Face++ has been shown to have a performance comparable to genderComputer [22], 

while on different avatar datasets, Face++, Amazon, and MS achieve more than 90% 

accuracy when identifying gender based on automatically detected faces [18]. However, 

not all faces can be correctly detected: in the study of Jung et al. [18], the very best tool 

has correctly identified faces in merely 76% of the analyzed images. Moreover, not 

everybody has a profile picture representing a human face. For instance, approximately 

30% of the Stack Overflow users only have a default profile picture automatically 

generated based on the MD5 hash of the user’s mail, rendering approximately 70% of 

the Stack Overflow users possibly amenable for face-to-gender inference. However, not 

all Stack Overflow profile images represent faces (rather than logos or cat pictures). This 

is why Lin and Serebrenik have carefully selected 900 non-generated profile images of 

users of different ages and reputations and classified them manually. Reputation classes 

were selected according to different privileges Stack Overflow users might have; age 

intervals according to the general distribution of the ages on Stack Overflow. Among the 

900 profile images, only 53% represent faces [22], suggesting that overall face-to-gender 

tools might be applicable to approximately 37% = 70% * 53%.

 Artifact-to-Gender
Artifact-to-gender tools are based on the assumption that people of different genders 

express themselves differently in writing. Not surprisingly, the lion’s share of the 

research in this area has been based on personal writing on social media such as tweets 

and Facebook posts [21]. For example, the work of Company and Wanner [42] has been 

designed in the first place for attribution of authorship of blog posts and novels to one 

of the authors within a predefined set, and then the same technique has been retrained 

to predict gender of the author. Authorship attribution techniques have been designed 

for the source code as well [11, 15]; similarly to Company and Wanner [42], they are 

aiming at associating code fragments with one of the authors from the predefined set of 

approximately 100–160 candidates. This shows that deanonymization of source code is 

10 www.facelytics.io/en/
11 https://visagetechnologies.com/face-analysis/
12 www.picpurify.com/demo-face-gender-age.html
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possible despite a much more constrained use of language compared to social media 

texts. This is why Naz and Rice have applied similar techniques to predict gender of 

the authors. On a dataset of 100 student assignments, their approach has achieved the 

accuracy of 72% [29]. It remains to be seen whether these techniques can scale to tens of 

thousands of contributors common in repository mining studies.

 Limitations and Concerns
The automated techniques discussed in the previous sections have shown that gender- 

related information can be obtained from such names, avatars, and code/text written. 

However, we need to remember that these methods are far from being perfect and one 

has to be very careful when applying them.

The first group of concerns are ethical. They are mostly raised in relation to face-to- 

gender techniques, but similar concerns can be raised for any automated genderization 

methods and are related to assigning any kind of categories to human beings without 

their explicit consent. While as humans we might be assigning categories to other people 

continuously, for example, when we are describing people, this kind of automation 

might be dangerous, for example, what if a tool recognizes a woman driving a car in 

a country where women are not allowed to drive cars? In fact, Nature has surveyed 

approximately 500 researchers in facial recognition, CS, and AI, and about two-thirds 

believe that application of facial recognition methods to recognize or predict personal 

characteristics (such as gender, sexual identity, age, or ethnicity) from appearance 

should be done only with the informed consent of those whose faces are used or 

after discussion with representatives of groups that might be affected [31]. Getting 

an informed consent from all GitHub or Stack Overflow developers is, of course, not 

realistic. Furthermore, individuals do not necessarily want to disclose their gender and 

sometimes take steps to hide it: one of the developers surveyed by Vasilescu et al. stated 

that they “have used a fake GitHub handle (my normal GitHub handle is my first name, 

which is a distinctly female name) so that people would assume I was male” [46]. In this 

case “correct” genderization would explicitly contradict the individual’s intention, which 

can hardly be seen as ethical.

The second concern is related to the gender binary assumption perpetrating the 

automatic techniques discussed previously. These are percentages of papers reviewed in 

two meta-studies. Keyes has shown that 92.9% of papers that introduce automatic face- 

to- gender tools assume gender binary, and this is also the case 96.7% of papers that use 
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automatic gender recognition [19]. For artifact-to-gender literature surveyed by Krü ger 

and Hermann, this percentage goes up to 100% [21]. Finally, name-to-gender tools are 

doing a bit better: while they are still ignorant of non-binary genders, they at least tend 

to provide confidence scores, that is, they at least recognize their own lack of confidence 

[36]. Due to this gender binary assumption, automatic genderization tools can harm 

non-binary individuals as well as individuals with a limited ability to appear and be 

treated as their preferred gender [37].

Third, both the applicability and the accuracy of the techniques are not perfect. 

Restricted applicability might bias conclusions of a study since it is based only on data 

that the tools could analyze. Moreover, applicability and accuracy can be even lower 

for some subcommunities, for example, for Chinese names, when some of the gender- 

specific information is lost during the romanization.

All these reasons can lead to tools assigning an individual a gender that they 

do not agree with (e.g., because they do not want to disclose it, because this gender 

cannot be identified by the tool, or because the tool is imprecise), a problem known 

as misgendering, which can be seen as a form of verbal violence [26]. This is why 

we believe that (a) automated techniques should never be applied at the level of an 

individual subject but only at the level of large groups, (b) techniques should not be 

showing unequal performance on specific groups (e.g., if we know that name-to-gender 

techniques underperform on Asian names, conclusions based on application of these 

techniques to Asian names might be wrong), and (c) one has to continuously reflect on 

potential risks of the application of these techniques.

Summary automated tools are necessary when analyzing large-scale data. 
When using the tools, one should never apply them at the level of an individual 
subject, but only at the level of large groups, and either ensure that performance 
of the tools is equal across different subpopulations or recognize unequal 
performance as a threat to validity of the conclusions derived.

 Beyond Software Engineering
Several insights discussed previously can be also applied outside of the realm of software 

engineering. As the guidelines related to interviews and surveys are borrowed from the 

field of Human-Computer Interaction, they can be expected to be applicable to any 
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interview and survey looking to collect information about gender. Similarly, techniques 

discussed in the context of mining software repositories are applicable to analysis of any 

large-scale archival data ranging from social media sites such as Twitter and Facebook 

[20] to corpora of scientific publications [23], from a movie-related knowledge-sharing 

platform [25] to museum catalogs [44], and from Wikipedia [1] to collections of crowd- 

sourced recommendations [9]. Application of those techniques beyond software 

engineering might, however, require rethinking the aforementioned limitations and 

concerns as their relevance and importance might depend on the application domain.

Summary aforementioned techniques can be applied beyond software 
engineering, but their application might require careful rethinking the 
aforementioned limitations and concerns.

 Conclusions
Gender and gender diversity are popular topics in contemporary software engineering 

research. To conduct this research, one has to identify gender of the individuals 

involved. To this end we have discussed two large groups of identifying the contributor’s 

gender: by asking questions and by applying algorithmic tools. None of the techniques is 

perfect: questionnaires do not scale, and algorithmic tools guessing gender from GitHub 

information assume gender binary. Choice of the technique should, of course, be made 

in function of the research questions one is trying to answer. However, it might be 

equally important to discuss the limitations and problems of these techniques (and not 

only their advantages that made us choose them in the first place).

Summary

• For interview studies and small surveys, ask an open question: 
“Where do you identify on the gender spectrum?”

• For larger surveys use the same phrasing and the following 
five checkboxes: “woman,” “man,” “non-binary,” “prefer not to 
disclose,” and “prefer to self- describe ____.”
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• When mining repositories evaluate name-to-gender and face-
to-gender tools and either ensure that performance of the tools 
is equal across different subpopulations or recognize unequal 
performance as a threat to validity of the conclusions derived.
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CHAPTER 29

Strategies for Reporting 
and Centering 
Marginalized Developer 
Experiences

Denae Ford*, Microsoft USA.

Brittany Johnson, George Mason University USA.

There are many studies that investigate the experiences of marginalized software 

developers; however, they tend to include gaps in how people from a marginalized 

background compare against a majority group. Many researchers focus on where 

historically marginalized groups do not measure up, missing the opportunity to 

understand where participants are in fact excelling. Likewise, asking research questions 

that only seek to surface deficits rather than successes can unintentionally create an 

unmatched and negative precedence that participants do not hold about their experiences.

In an effort to set a new precedent for conducting and reporting research, we build 

on asset-based design to propose what we call abundance-based reporting. In this 

chapter, we outline how to investigate, report, and build interventions with historically 

marginalized communities.

 Introduction
The focus on diversity, equity, and inclusion in software engineering is less often 

getting brushed off as a side project, becoming a core and pivotal part of moving the 

field of software engineering forward [1]. As this awakening continues, empirical 

https://doi.org/10.1007/978-1-4842-9651-6_29
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researchers may be seeking guidance on how to appropriately investigate and to 

continue empowering developers in the margins. While many researchers are realizing 

the value in doing this, they are struggling with the practical approaches and ethical 

considerations they should take to do this. At the same time, there are also researchers 

who are trying to determine why it is important to center historically marginalized 

perspectives. The briefest answer we can offer to that group of researchers is that 

centering the margins provides us with great insight on how to successfully prepare for 

a multidimensional workforce in the future. One common reason some researchers fail 

to center the experiences of those in the margins is because it may not seem practical 

for them to do. Another reason is likely because they don’t see how it can impact their 

research long-term. An antithetical point that many researchers with this perspective 

often fail to recognize is that they are doing their own research a disservice when they 

exclude marginalized perspectives. There are unique experiences that live in the margins 

that can help us understand bespoke solutions to better serve the masses.

Throughout this chapter we will give examples and outline strategies for how 

researchers can overcome the issue of practicality and explain the longitudinal value 

of engaging deeper with people from historically marginalized communities. These 

strategies include approaches to initiate contact with organizations that cater to specific 

marginalized groups, approaches to engage with participants from study recruitment 

through data collection, how to report and share findings about their experiences, and 

finally ways to build a sustainable long-term relationship that can be mutually beneficial. 

Finally as we share these strategies, we also include exemplars of how this has been done 

successfully. Doing so gives us a model to follow and to adapt to our specific research 

settings. Many of the examples we present come from fields outside of traditional 

software engineering research; however, they are just as valuable and applicable to the 

work being conducted in our research community. That said, we encourage readers to 

consider this chapter to be a guidebook to researchers. Specifically, we hope this helps 

them feel encouraged to expand their view of how alternative methodologies can be 

relevant for their research and feel empowered to apply them in their work.

 How to Center Marginalized Perspectives in Studies
Before understanding how to best center historically marginalized perspectives in 

research studies, let us first define what we mean by historically marginalized. We draw 

on the following description of marginalized groups [12]:
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Historically marginalized communities are groups who have been relegated to 
the lower or peripheral edge of society. Many groups were (and some continue to 
be) denied full participation in mainstream cultural, social, political, and economic 
activities. Marginalized communities can include people of color, women, lgBtQ+, 
low-income individuals, prisoners, the disabled, senior citizens, and many more.

A few of the marginalized groups we will be referring to in this chapter are across 

physical abilities and race. However, as many empirical software engineering studies 

have not yet investigated the full range of marginalized developers’ perspectives in 

depth, we should draw on other adjacent contexts and fields of science to glean insights 

on how to study and report on marginalized developer experiences successfully.

A few approaches some have taken to do this well are as follows:

• Assets-based design: Asset-based design is a unique approach 

that leverages the strengths, existing knowledge, and institutional 

resources that a group may already have as core, thus building 

research and tools centered in that [14, 16]. In these settings, these 

assets are intentionally being used from a non-deficit perspective.

• Joy-centric and celebratory perspectives: Joy-centric work 

strategically takes a non-deficit perspective to working with 

marginalized groups by focusing research on what the group 

or community celebrates [5]. This perspective of engaging and 

conducting research mirrors what a group chooses to celebrate – 

even if that may not mirror the research framing a researcher’s 

community may choose to highlight. You can consider this approach 

to be intentionally “in spite of” everything that may be negative and 

“easier” to build on based upon prior research.
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Figure 29-1. Speculative design workbook used in [6]. This can be used as a 
reference for future studies.

• Design fiction and speculative design: Design fiction is a specific 

approach to speculative design – a helpful research methodology that 

allows study participants to be critical of a design of a system and 

creatively imagine a new one [2]. In this approach participants are 

asked to describe what an ideal system for them could look like. This 

exercise allows participants to be in the driver seat of designing the 

tools and often results in supplementary design artifacts [6, 13]. (See 

Figure 29-1 as a reference.)

From these works, we can learn a lot about what it takes to be successful in 

highlighting perspectives the way that participants would like to be recognized. We 

should also note that each of these approaches is rooted in collaborating with the 

community at various stages of the research process. In the next section, we will 

highlight specific approaches within these paradigms that software engineering 

researchers can learn from.
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 Putting Methodologies in Action
In highlighting how researchers have investigated, designed, and built for joy in order 

to support the marginalized developer and technologist experience, we learn about the 

variety of formats that have been applied. Now that we have outlined specific approaches 

on how to center marginalized perspectives, we want to be concrete about approaches 

through which researchers have applied them. In the next subsections, we highlight 

two case studies for two different types of marginalized groups: one investigating the 

experiences of blind and low-vision (BLV) software developers and the other of Black 

and African American technologists.

 Case Study: Investigating Online Communities for Blind 
Software Developers
To better understand how blind and low-vision (BLV) software developers use online 

communities as a resource for their needs, Johnson et al. investigated the use of 

Program-L [9]. Program-L is an online community “for users of Access Technology 

involved in programming to discuss any technical problems which are related to either 

the hardware or software they are using.”1 In this particular study, researchers wanted 

to uncover the variety of help-seeking behaviors novice developers engaged in when 

participating in a community specific to two of their identities. One identity is their 

professional identity as a software developer, and the second is a personal identity 

as a person who is blind or has low vision. From their analysis of four years of novice 

behavior, authors were able to build a taxonomy of novice types and recommend design 

interventions for future demographic-specific online programming communities.

From this study there are several approaches taken that we highlight. One is the 

approach taken at the beginning of the study to contact the owners of the Program-L 

mailing lists before conducting the study. In this email (shown in Figure 29-2), the 

research team took several steps to establish legitimacy before conducting the study. 

For instance, the research team identified themselves and the work they had done 

previously. This showed to the community owner they had conducted similar studies in 

the past that the community owner could check. Next, the research team outlined their 

intent with analyzing the community and clarified that it would be conducted under the 

1 www.freelists.org/list/program-l/
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guidance of a research review board. Finally, the research team also made themselves 

available to have a one-on-one conversation with the community owner so that they 

might answer any questions or address any concerns the community owner might have.

Hi [Listserv Owner Name Redacted],

First, let me introduce myself. I’m [Researcher A and Researcher A’s affiliation]. For a number of years I have been

working on accessible technology and, in recent years, technology and curricula that would help make K-12 computer

science education more accessible.

I recently met [Researcher B and Researcher B’s affiliation]. [They have] done interesting research about understand-

ing and improving question/answer sites for developers such as Stack Overflow. Because of our overlapping interests, I

mentioned to [them] the wonderful listserv Program-L that supports question/answer interaction for blind developers. Un-

derstanding the difficulties and needs of blind developers is very important to us. What we learn may also help improve

the interaction to better satisfy users’ expectations.

For this reason, we would like to know if we could obtain access to the Program-L email archive in order to explore the

interactions there. Any study that would be done would be Institutional Research Board (IRB) approved, meaning it would

follow the guidelines for an ethical human study. All data obtained from the archive would be anonymized so that individual

users could not be identified.

If needed, I would be happy to talk with you over the phone to answer any questions you might have. I’m now at home,

away from the office because of the Coronavirus pandemic. I can be reached at [redacted] or I can call you whichever you

prefer. It would be best to schedule a time for the call because of the difference in time zones.

Sincerely,

[Name Redacted]

[Email Signature Redacted]

Figure 29-2. Initial authorization email used in [9]

There are several approaches to conducting research that center marginalized 

developers, for instance, asking permission before conducting studies, even if it may be a 

resource that a member of the research team may already belong to. It may not always be 

clear whom the permission should be requested from – in that case we would encourage 

researchers to reach out to members of the organization to figure out who the authorized 

leader in the community may be. Likewise, engaging in conversations with leaders and 

sharing the research findings back to the organization is one way to make sure the work 

conducted has the impacts intended.
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 Case Study: Technology for Black Lives Project
As another example of how researchers have been able to practically center historically 

marginalized experiences, we reference the ongoing Technology for Black Lives study 

[3]. In this project the research team is investigating how Black software developers and 

technologists are using, curating, and creating resources and tools in support of the 

Black lived experience. Authors draw on the archival narrative styles of scholars such 

as McIlwain [11] to investigate what technology’s role is in supporting the Black lived 

experience and what it means to design for it.

Although this study is not yet completed, the researchers have been publicly vocal 

about their study – publishing articles about the work as they collect data [7]. The 

research team has created a website (as shown in Figure 29-3) to announce the study. On 

this website, the research team publicly shared a variety of information pertaining to the 

study. Materials available on the public website include the recruitment flyer describing 

eligibility as well as compensation, who members of the research team are, a brief 

description of the projects, the intended project goals, how to contact the research team, 

and supplementary readings and resources.
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Figure 29-3. Website for the Technology for Black Lives project. The website 
includes project descriptions, eligibility, time commitment, compensation, and 
principal investigators. There are also links to find out more about the research 
team, project goals, contact information, and supplementary resources

From this project, there are several successful approaches to highlight. One is the 

fact that the research team created a website to share during the recruitment phase of 

the project. Having a public presence attached to the work can help increase trust from 

participants about how the study is being conducted, accountability on the researchers’ 

part, and transparency for potential participants and external researchers interested in 

tracking the work. Another attribute of this project to highlight is how researchers have 

used snowball sampling to recruit participants. Working with historically marginalized 

populations with a specific skill often requires researchers conducting studies with a 

network of participants that are likely to engage in some overlapping communities. 

In these settings, respectfully engaging with the network requires care. Researchers 

from this study used snowball sampling to recruit participants when applicable, 

which often resulted in participants referring to their personal network of technical 

colleagues – which is of great importance to them. Although the research team makes 

several resources public, they do not list all participants that have participated in the 
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study without their consent. This type of intentional sharing has been helpful in making 

sure that the researchers have kept participants protected and that the research team 

continues to respectfully conduct their research.

 The Dos and Don’ts of Reporting 
Marginalized Experiences
 Recruiting Historically Marginalized Populations
Critical to the ability of conducting research that recognizes and considers marginalized 

populations is the ability to reasonably recruit research participants from these 

historically marginalized groups. In many cases, researchers may not already have 

relationships in these communities (and that’s okay). But how does one initiate a 

collaboration to form research relationships with a specific group?

DO make explicit effort to recruit participants from historically marginalized 

populations by tapping into your existing networks and relationships.

In this case, you want to focus on individuals and organizations with connections 

to the target audience or population. The goal here is to build trust through a trusted 

connection – individuals from historically marginalized communities may be more 

willing to engage in research if they trust the person conducting or connecting them to 

the research [4].

DON’T bombard individuals or organizations with requests to participate in your 

research.

There are many reasons you may not be getting responses when initially reaching 

out. If you’re contacting someone in industry, their lack of response may be about timing 

and their finding the opportunity to think about the opportunity and/or respond. If 

you’re contacting individuals or organizations that are community-centric (e.g., do work 

that services the community, not a company), their time is not only valuable but likely 

overloaded with existing commitments.

WHY? By tapping into existing trusted mutual networks and connections, you are 

building trust by association, which increases the likelihood for response, engagement, 

and building meaningful (and sustainable) relationships [4]. This essentially gives you 

a “foot in the door” to begin to build your own network. When reaching out, impatience 

and constant attempts to make contact can be off-putting and deter the response they 

originally intended to send (or further interactions in general).
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 Collecting Data from Marginalized Populations
Once you’ve acquired connections with your target audience for recruitment, the next 

obvious step is planning for and then conducting the data collection process. So the 

next question is, how do we build and maintain trust so that we can collect rich data that 

accurately reflects participants’ lived experiences?

DO be transparent about consent for participation and how the data will be collected 

and used.

When engaging any group in research, but especially historically marginalized 

populations, one should always begin and proceed with a mutual understanding 

of the procedures involved [4]. This includes being explicit about what the group’s 

participation entails, what data will and will not be collected, and how the data will be 

used in the near and distant future.

DON’T change research plans or directions without informing participants.

Research is fluid in that plans for collection or analysis may shift. Likewise, as 

research plans change and data be used in alternative ways than previously outlined, 

researchers should notify participants from which you have or plan to collect data and 

receive an updated consent.

WHY? The goal of any research collaboration should be to build trust for sustainable 

collaborations and outcomes. When the research is not conducted in a transparent 

and inclusive manner, this runs the risk of breaking trust [4] and has potential ethical 

implications [Chapter 9, “The Role of Ethics in Engineering Fair AI (and Beyond)”]. Even 

when not collecting data directly (e.g., via interviews), transparency is key to ensuring 

those whose data you are collecting and analyzing do not feel manipulated and used, 

rather than seen and heard [10].

 Reporting Insights from Marginalized Populations
After data collection and analysis are complete, researchers are tasked with the 

sometimes daunting task of consolidating and reporting their findings. While it is 

always important to be mindful of how we report research findings, it is especially 

important to take care when reporting insights from historically marginalized groups. 

So the next question is, how do we accurately and respectfully report insights from these 

populations?
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DO be explicit and factual about the demographics of the populations in your sample.

We should only report insights that clearly link to the questions we’ve asked or the 

data we’ve collected. It is also okay to make broad classifications or assumptions based 

on the given demographics. For example, if a participant states they are from Nigeria, we 

can assume they may belong to a broader African culture.

DON’T make narrow assumptions or claims that you did not collect data to support.

If a clear, and fact-based, connection cannot be made between insights and the 

data collected, it is likely that the assumption is too narrow. For example, while one 

can reasonably assume broader culture from geographic location, researchers cannot 

assume factors such as socioeconomic status from this information alone.

WHY? The assumptions researchers make may not always be true. In fact, it may 

be reinforcing stereotypes of a group and propagating false information. Furthermore, 

when done incorrectly, this can build false foundations for future research efforts.

 Stating Your Positionality
In conducting studies on historically marginalized populations, the research team may 

or may not identify with the same background as participants. Either way, it is helpful for 

the audience consuming that work to be aware of the context the researchers implicitly 

bring to their analysis of the data.

DO acknowledge your positionality via a statement that clarifies your background in 

relationship to the specific demographic the research team is studying.

This can be done in a “Positionality Statement” or “Researcher Self-Disclosure 

Statement” in the Methodology or Introduction of a paper (See “Researcher Positionality 

Statement” in [8] for reference).

DON’T impose your positionality or inject your experiences upon participants while 

conducting the study or analyzing the data.

Researchers can resolve this by taking additional data validation steps. This could 

include having another researcher analyze data who is familiar with conducting studies 

where they have a different background from participants and comparing findings.

WHY? Researchers, especially when conducting qualitative analyses, are trained 

to identify various confounding factors (e.g., background of participants) to better 

understand how to analyze and report their findings. Likewise, it is also important for 

researchers to consider the effects their own identity and experiences might have on 
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that process. This becomes very insightful when researchers choose to propagate and 

replicate the work of others.

 Sustaining Relationships with Communities
Once relationships with historically marginalized groups or the organizations that serve 

them are established, it is critical to find ways to sustain them. Likewise, it’s important 

that this is done in a way that helps manage both the researchers’ and participants’ 

energy wisely.

DO provide multiple suggestions to participants and community organizations on the 

variety of ways to remain connected.

In doing so, researchers should make sure they are considering the size and goals of 

the participants or organization they are working with. For instance, every participant 

may not be interested in being featured at developer-specific conferences2 such as 

Strange Loop3 or NeverWorkInTheory; there may be more of an interest in events like 

AfroTech,4 Grace Hopper,5 or even alternative forms of dissemination such as museum 

exhibitions that they would rather be featured in. In summary, researchers should be 

open to what may be most meaningful to participants and be sure to welcome their 

perspectives.

DON’T hide findings or final reporting from participants.

They should be aware of how their data was used as well as insights gathered from 

their experiences shared. It is understood that there may be a delay in responding 

and sharing findings back to participants, but this should be done in a reasonable 

time frame.

WHY? It is important to find strategies that make the relationship mutually 

beneficial. This helps the relationship flourish beyond the initial timeline of the project. 

Continuing the relationship should also be more than just having them participate 

in future research studies, but also supporting their initiatives that may be outside of 

traditional research conferences (e.g., community-based workshops) [15]. Keeping 

this in mind will help build a longitudinal relationship that can reinforce trust for their 

connections with the broader research community as well.

2 https://dev.events/
3 https://thestrangeloop.com/
4 https://afrotech.com/
5 https://ghc.anitab.org/
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 Conclusion
In closing, we encourage readers to continue to build on previous studies investigating 

approaches to supporting marginalized developer experiences. This especially includes 

conducting studies about how communities have been able to empower themselves. We 

hope that this work can serve as a guidebook for those understanding the best way to 

empower historically marginalized software developers and simultaneously contribute 

to the empirical fields of human aspects of software engineering.

Key Takeaways

• Do be mindful of how to engage with, conduct research with, and 

report on marginalized experiences.

• Do use case studies as a template for success and to avoid pitfalls in 

the future.

• When centering marginalized experiences, try to intentionally 

consider approaches that center the assets of a community, what 

attributes they celebrate, and how to respectfully consider their 

perspectives.
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org/licenses/by/4.0/), which permits use, sharing, adaptation, distribution and 

reproduction in any medium or format, as long as you give appropriate credit to the 

original author(s) and the source, provide a link to the Creative Commons license and 

indicate if changes were made.

The images or other third party material in this chapter are included in the chapter’s 

Creative Commons license, unless indicated otherwise in a credit line to the material. If 

material is not included in the chapter’s Creative Commons license and your intended 

use is not permitted by statutory regulation or exceeds the permitted use, you will need 

to obtain permission directly from the copyright holder.
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