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Editorial and Introduction
to the Volume

Editorial: Vocational Education and Training in the
Age of Digitization—Challenges and Opportunities
In the current discussion on digitization, it is assumed that a technological development thrust is currently taking place that brings with it both—opportunities and challenges. On the one hand, completely new technological usage potentials are opening up; on the other hand, these changes pose major challenges
to the skills and competencies of (future) employees and—in the consequence—to education and training. In the case of changing and increasing requirements, vocational education and training (VET), as well as further training, will become decisive in order to continuously develop competencies.
However, vocational training institutions themselves are also affected by digital change and must make the best possible use of the potential of new technologies. The task of research is to analyse the changes and support the development of strategies, concepts, and models so that individuals, companies, and
national economies can benefit from the potential of digitization and at the
same time learn to deal with the increasing ambivalences of the technological
and social development.
The contributions in this volume will concentrate on challenges and opportunities of digitization for work and workplace learning as well as for vocational education and (further) training. Theoretical approaches, empirical
findings and research-based best practice examples of digitization in workplace-related learning are discussed here. When we planned this book, digitization had already been an issue in science and practice for many years (see
the introduction by Helmut M. Niegemann in this volume). Both had been discussed for quite a while and in an increasingly intensive manner in the contexts
of learning, education, and working. What we couldn’t know at the time was
how relevant this topic would become in a short while. Now that we are writing
this preface, we have been in the pandemic for several months, schools and
universities are largely doing without classroom teaching, and in-house trainings in companies are suspended or changed to virtual trainings. Teachers, students, trainers and learners had to adapt quickly. In the last months, we have
often heard that the educational landscape will be different in the future. In this
context, reference is made to the increasing use and the many advantages of
technology-based learning and working. Of course we do not know how much
the education and training landscape will change and to what extent technology-based learning and working will increase. The fact is that education and
training was already quite digitalised before the pandemic and this will most
certainly increase further.
Against this background, the contributions in this volume take up the digitization theme from various perspectives which can be found in four sections
9

of the book (Section I: Vocational Education and Training in the Age of Digitization; Section II: Teacher Education and Professional Competencies of
Teachers in the Age of Digitization; Section III: Workplace Learning in the
Age of Digitization; Section IV: Higher Education in the Age of Digitization).
The four sections are framed by an introduction (Helmut M. Niegemann) and
a final chapter (Stephen Billet).
In the introduction, Helmut M. Niegemann looks back at the development
of educational technologies. He states that a sustainable and systematic integration of digital media into classrooms is still not the standard today and highlights the potentials of technology-based simulations for training and learning
as well as for the implementation of valid methods for the assessment of competencies.
The first section of the volume is dedicated to selected technology related
issues concerning initial education and training in the professions. In their contribution, Michael J. J. Roll and Dirk Ifenthaler discuss the potentials of Learning Factories for the development of digital competencies. They conducted an
interview study with 19 teachers from German technical vocational schools
and asked them about the impact of digitization and Industry 4.0 for their technical vocational school and the potentials of Learning Factories for teaching
and learning. Their findings highlight the importance of structured implementation of Learning Factories and the preparation of all stakeholders for Industry
4.0 processes on organisational and staff level in vocational schools.
Mareike Schmidt, Alina Makhkamova, Jan Spilski, Matthias Berg, Martin
Pietschmann, Jan-Philipp Exner, Daniel Rugel, and Thomas Lachmann focus
on the competence development by using digital learning stations in VET in
the crafts sector in Germany. In doing so, they created domain-specific digital
learning stations (DLS’s in a VR environment) based on core work processes
of plasterers, integrated them in master preparatory courses and evaluated
learner acceptance and learning transfer. The findings of their evaluation studies highlight the potentials of the DLS-learning environment, but also show
some challenges for trainees and trainers.
Within their study, Christin Siegfried and Rico Hermkes analyse the effects
of the use of tablet PCs in economics classes in German Vocational Schools.
They focus on the motivational experiences and cognitive load of students and
compare the results from a digital and an analogue setting. For more information about learning processes, learners’ motivation and cognitive load, they
use the continuous state sampling method. Among other results, the analyses
show that the use of digital media leads to positive experiences of motivation.
Silke Fischer and Antje Barabasch deal in their contribution with the learning
potential of gamification in VET. They put the emphasis on the didactical implementation of 21st Century Skills such as communication and cooperation,
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creativity and critical thinking in gamification and propose a four steps-approach for VET teachers to support the implementation of gamification in
classrooms.
The two contributions of Section II deal with different aspects related to
teacher education and teachers’ professional competencies. The paper by Andrea Faath-Becker and Felix Walker is entitled “Development of a Videobased Test Instrument for the Assessment of Professional Competence in the
Vocational Teacher Training Course”. Based on a discussion of different models of teachers’ professional competencies, the authors describe the design of
video vignettes and discuss the potential of the video vignette tool for the assessment of teachers’ competencies. The video vignettes are designed for the
industrial-technical field of teacher training in Germany.
The contribution by Pia Schäfer, Nico Link and Felix Walker also deals
with the assessment of professional knowledge of teachers at vocational
schools in the domain of automation and digitized production. They base their
argumentation on the TPACK-model (TPACK: technological pedagogical
content knowledge) by Mishra and Koehler (2006) and report the positive findings of an evaluation study on the effects of a teacher training on automation
technology.
The third section of the present volume focuses on contributions to the
relevance of digitization for workplace learning. Henrike Peiffer, Isabelle
Schmidt, Thomas Ellwart and Anna-Sophie Ulfert, discuss digital competencies in the workplace to gain an understanding of what they comprise. They
shed light on a specific facet of digital competencies, namely digital competence beliefs. Furthermore, the authors investigate how positive competence
beliefs can be promoted through trainings. In doing so, they refer to previous
studies that investigated and evaluated different training approaches. The article by Andreas Korbach and Helmut M. Niegemann deals with the potential of
a micro-learning approach (the learning content is available on smartphones)
for professional drivers. According to the authors, one of the strongest advantages of micro-content might be its high flexibility concerning individual
requirements and time constraints. The design of the learning environment is
shown in the paper.
Finally, Section IV is dedicated to higher education. Massive Open Online
Courses (MOOCs) have been a remarkable phenomenon in educational technology over the last ten years and attracted a lot of attention. Against this background, Kristina Kögler, Marc Egloffstein and Brigitte Schönberger first discuss current notions of openness in online education and training and show
possible links to generic MOOC models. Then the authors present findings
from a review-study comprising about three hundred MOOCs from nine common English-speaking providers. Based on the empirical data, the authors
characterise different types of MOOCs with a view to their openness.
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Victor M. Hernandez-Gantes and Edward C. Fletcher discuss the high school
career academy as a model for promoting technological preparation in the
United States. The goal of the contribution is to conduct a holistic analysis of
the career academy model. The analysis of the authors is based on the results
of a three-year study designed to explore how IT career academies with different configurations were implemented, with emphasis on the challenges and
opportunities in enabling students to become college and career ready. The
results of the qualitative study conducted by the authors are very promising.
Finally, Stephen Billett’s contribution entitled “Developing a skillful and
adaptable workforce: Reappraising curriculum and pedagogies for vocational
education” can very well serve as a kind of summary. Billett argues, that
changes in occupational and workplace requirements as well as in working life
in the era of digitization prompt a reappraisal of the goals and processes of
vocational education. These changes include (1) addressing the specific requirements of workplaces and developing occupational competence, and (2)
learning knowledge that is difficult to directly experience (e.g. digital
knowledge) required for what is often referred to as knowledge work. Billett
stresses that there is a need for vocational education and training to respond to
this challenge. This includes preparing students to become active and intentional learners for their initial preparation and ongoing development across
working life. The author proposes some ways forward by adopting curriculum
and pedagogic practices aligned with achieving these kinds of outcomes. This
includes considerations of what constitutes effective educational experiences
(within both educational institutions and workplaces), ordering and reconciling
these two sets of experiences, the use of educational interventions to secure
these kinds of capacities within vocational education, including digitized
knowledge. This requires accounting for what constitutes existing and emerging occupational and workplace performance requirements and aligning these
with the kinds of curriculum and pedagogic practices that vocational education
institutions and educators need to advance in an era of digitization.
The papers in this volume represent different approaches to deal with the
potentials and challenges of digitization in different areas of education, learning and training. In this book, theoretical approaches and empirical findings
are presented in four sections. Thus, this volume provides both a theoretical as
well as an empirical basis. It becomes apparent that the approaches are diverse
and include many different aspects. However, the contributions also make
clear that the trend towards digitization increasingly requires an alignment of
learning objectives (which competences should be promoted?), instruction
(how can these competences be promoted?), and assessment (how can these
competences be assessed?). All actors in vocational education and training are
called upon to take up the challenges of digitization and to develop constructive solutions. We also need more research on the potentials and effects of digitization—an evidence-based debate will help us here.
12
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1 Introduction—A Look Back Ahead
Helmut M. Niegemann

„Books will soon be obsolete in the public schools. Scholars will be instructed
through the eye. It is possible to teach every branch of human knowledge with
the motion picture. Our school system will be completely changed inside of ten
years“. This statement by Thomas A. Edison in 1913 (Smith, 1913) was the
first, and perhaps the most prominent forecast on the development of media for
education which failed monumentally, but not the last. About sixty years later
(1971), Helmar Frank and Brigitte Meder, both internationally renowned
scholars in the domain of educational technology, predicted a fast triumph of
computer supported teaching and learning during the following ten years; almost 100 percent of lessons in general education system’s schools would be
supported by computers.
New technologies in combination with the financial interests of the companies producing them seem to produce hypes, which are characterised by excessively high expectations, an initial exponential incline over a short period
of time, followed by a harsh decline, and—sometimes, but not always—a rather slow increase more closely associated with realistic expectations.
Taking a look back at the development and propagation of the “new media” of the times we see visual and audio-visual media (especially the educational film) emerging in first half of the last century, followed by computer
based or assisted trainings, arising in the 1960s, declining in the 1970s and
their resurrection since the 1990s. In the 1980s both the teletext technology (in
Germany labeled „btx“, in France „minitel“) as well as the video disc experienced a short hype.
After the invention of the World Wide Web in 1990 and its unforeseen
advancement, which penetrated almost all aspects of society computer-based
trainings (CBT) became at first just web-based trainings (WBT). However,
new information and communication technologies soon promoted the ideas of
intelligent tutoring systems (ITS), simulation systems and serious games, virtual (VR), augmented (AR) and mixed reality (MR) in the education sector.
With the emergence of truly mobile devices, such as smartphones and tablet
computers, mobile learning could take off after a somewhat bumpy start with
notebooks at the beginning of this century.
Nevertheless, a sustainable and systematic integration of digital media into
classrooms is, even more than hundred years after Edison and fifty years after
H. Franks prognoses, not the standard; even when due to the CoViD19 pandemic in 2020 a considerable amount of instruction through digital media is
15

suddenly taking place almost worldwide. Whether this exceptional event will
put digital media sustainably into our classrooms and everyday practice, remains to be seen.
Different from public schools, in vocational education and training (VET)
digital media has been implemented continuously since the 1980s when personal computers captured the office desktops in bigger companies and organisations and the costs of information technologies sank steadily while its performance grew. Setbacks in some companies occurred partly due to the poor
quality of the instructional design of several products, but still the e-learning
market grew steadily. Let us have a more detailed look at some specific technologies and the factors which contributed to their success.
Skinners programmed instruction (at first without any idea of computers)
profited from the “sputnik shock”, the impression that the political and economic enemy had an advantage in technological development due to a better
educational system, after 1957. The computer technology of the early 1960s
should have helped to overcome the organisational challenges of the instructional technology, especially when programmed instruction left the strict theoretical rules of operational conditioning by introducing branching (Crowder,
1959) and other features. This early computer assisted learning, using dedicated connections between central computers and the displays, was quite expensive. So, concerning public schools the hype faded away when alternative
political topics (such as the war in Vietnam) prevailed over educational matters
and required more and more money. Organisations and institutions dedicated
to educational technology research and development were closed at the end of
the 1970s. But military and big companies maintained educational technology
until the advent of the personal computer in 1980. The new high disposability
of the devices opened new opportunities and a new wave of computer-based
training and instruction began, using color displays, higher capacities on data
carriers, and authoring tools (e.g. Toolbook®, Macromedia Director®) to develop e-learning programs by vocational trainers without the help of professional programmers. A not negligible part of the success may be due to the
need for training in the new office application software (text processing,
spreadsheet calculation etc.). Some ideas originating from that time actually
succeeded albeit at a much later time (e.g. electronic performance support systems—ePSS; a combination of short computer-based explanations or training
units, and tools to facilitate work, e.g. pre-organised Excel sheets).
The next emerging condition fostering instructional technology was the
internet. Since 1990 and the world wide web, which initially allowed for the
communication of an increasing amount of data to many recipients, then the
two-way communication including the streaming of video data companies
have been able to adapt and correct E-learning units just in time. As companies
are no longer forced to send CDs and DVDs with e-learning units by mail to
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their foreign subsidiaries in all continents in order to convey new features of
their software releases (e.g. SAP SE).
While video conferencing has been possible earlier via rather expensive
satellite channels, the technology became inexpensive and available for everybody, not only could students learn from Youtube videos, blended learning
formats like “flipped classroom” were introduced in continuous education and
trainings. Video communication reached a peak in 2020 when the corona crisis
forced millions of people worldwide to communicate, negotiate and teach at
home, as offices, schools and universities began using these tools extensively.
The same technology also allows to distribute lectures of renowned experts
from elite universities (e.g. computer scientist Sebastian Thrun from Stanford
University in 2011) to a very large audience and to establish the massive open
online courses (MOOCs), becoming an initially hyped movement ,which
seems to have found some stable structures within specialised companies. The
acceptance and effectivity of MOOCs soon proved to be better using short
video units (“mini-lectures”). Although we do not have clear results from psychological research concerning the endurance or depletion of learners listening
and studying in front of a display, everyday experience shows, that 60- or 90minutes video lectures are generally less accepted than mini-lectures of 10 to
20 minutes.
With the rise of the laptop, and later notebook computers (market-relevant
since the 1990s, booming around the turn of the millennium), then smartphones
and tablets (market-relevant since 2007 resp. 2010) mobile learning became a
trend. Despite hopes and expectations that tablets would replace the bundle of
heavy textbooks, pupils have to carry daily to school (especially in German
speaking countries), even in most developed countries there are only scattered
“tablet classes” or even “tablet schools”. Smartphones, which are owned by
more than 95% of students in Germany, are often forbidden during lessons due
to fears of undesirable use. Again, the use of the mobile instructional technologies took root in business and industry. Especially smartphones became an
important tool for MOOCs and other forms of micro-learning offers. The rather
small displays barely allow for listening to long lessons or to read long texts
but are well accepted for quick lessons and video resp. multimedia instruction.
Rather early in the history of the personal computer users liked to use it
not only for work, but also for playing games. This fact led soon to the idea to
use games for the purpose of learning, especially to foster a kind of motivation
transfer from the joy of playing to learning. Indeed, a lot of studies show that
digital games for learning (“serious games”) can convey important ideas from
several curricula in schools, in business and in the military. In case of specific
psycho motoric as well as problem solving skills, it is evident that exercises in
simulated, more or less authentic situations work as exercises and therefore
foster learning. Many science issues, coding skills, mathematical, technical,
economical abilities and even historic knowledge can be learned through well17

designed games for learning. But there are limits to their usage, which gamebased learning enthusiasts (e.g. Prensky, 2001) seem to neglect: Serious games
take a lot of time to convey a specific subject matter, much more time than
most other formats of instruction and the development of high-quality games
for learning are expensive. The loss of time is a consequence of the cover story,
in which the subject matter in good cases is integrated, or in worse cases is just
associated in some way. Thus, the use of games for learning in schools is uncommon.
Mostly at the core of a serious game is a simulation, even if the simulated
reality is more or less fictional. Decisive for the efficiency of learning is the
similarity of the cognitive and/or the psycho motoric operations executed in
the simulated environment and the operations to be executed in real situations.
Hence, classical simulation devices (flight simulators, truck simulators, boat
simulators, etc.) as well as business games try to immerse the learners into an
environment as authentic as possible. Although all newer realisations of these
simulations use electronics, the really new ways to use simulated experiences
for instruction are via Augmented Reality (AR), Virtual Reality (VR) and
Mixed Reality (MR), especially for vocational education and training in technical and medical domains. The challenge here is on the one hand the amount
of authenticity—a technical problem—and the instructional design of valid
learning tasks and exercises on the other including the quality of the feedback
for the individual learners. Individualisation means adaptivity and requires interactivity. Two of the big promises of digital learning over the last sixty years
are the ability to individualise the learning experience and the ability for participants to set their own learning pace due to the flexibility and lack of time
restrictions.
Similar to the individualisation in commerce by finding patterns of individual consumer behavior based on data from online shopping or customer
cards there are some possibilities to get information from learners’ online behavior: time variables, clicking behavior, input, navigation etc. are used for
learning analytics. Until today it is still not clear whether this artificial intelligence (AI) technology will succeed in the domain of learning as long as the
human-computer communication is mostly restricted to mouse clicks, fingertips on a touch screen or the input of words or numbers. Domains in educational technology where AI has proven itself to function technically and psychologically are intelligent tutoring systems (ITS), e.g. “Active Math” (Melis
& Siekmann, 2004) or “Autotutor” (Nye, Graesser, & Hu, 2014), and automatic grading systems (Landauer, Graham, & Foltz, 2000), but unfortunately
both areas are up until now not successful in the market.
Last but not least the domain of technology-based assessment enabled primarily the area of VET with more efficient and more valid methods to assess
complex competencies by methods, such as adaptive testing and the use of
rather authentic virtual task environments.
18

Overall educational technology has made a lot of progress over the 100 years
the discipline has existed. Even though the public discussion was often focussed on the use of technology in schools, the vocational education and training field seems to benefit much more, presumably because educational technology aims primarily to improve the efficiency of learning processes and to
foster flexibility, while schools have to strive additionally for objectives, which
also need other kinds of support.
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Section I:
Vocational Education and Training
in the Age of Digitization

2 The Impact of Learning Factories on
Multidisciplinary Digital Competencies
Michael J. J. Roll & Dirk Ifenthaler

2.1 Industry 4.0 and the dual vocational training system
2.1.1 Industry 4.0—A brief introduction
The agitation about Industry 4.0 is a very German peculiarity. Outside the German periphery it frequently appears under the name „Industrial Internet of
Things (IIot)” (Voigt, Müller, Veile, Johannes, & Becker, 2018). Both, in the
private sector and in scientific literature, the term Industry 4.0 has no distinct
definition. However, it is slowly gaining ground, that there is no fourth industrial revolution behind the politically motivated and artificially proclaimed
term Industry 4.0, as it was the case with the previous revolutions (1. Industrial
revolution: steam engine, 2. Industrial revolution: electrification and 3. Industrial revolution: automation).
It is rather an evolution that has been linking physical automation of the
third industrial revolution bit by bit. The only ‘revolutionary’ aspect seems to
be the holistic view of a fully networked value chain, but the technological
tools have been around for many years in practice. Therefore, Industry 4.0 is
especially understood as a holistic vision of the future, not only in production,
in which people, machines and processes based on the Internet connect with
each other. This means real time data exchange vertically within a company
(from the management level to the production facility) and links the value
chain horizontally. In this context, value-added networks are given preference
instead of value chains (Gebhardt, Grimm, & Neugebauer, 2015; Hecklau,
Galeitzke, Flachs, & Kohl, 2016).
These networks utilise data exchange between customers, employees, objects, and systems via cyber-physical-systems (CPS) (Acatech, 2016). CPS are
defined as integrated systems that use sensors to record physical data and use
actuators to capture and influence physical processes in real-time (Spöttl,
Gorldt, Windelband, Grantz, & Richter, 2016). The CPS are digitally networked and have user interfaces for human-machine interaction (VogelHeuser, Bayrak, & Frank, 2012). Holistic interconnection through Industry 4.0
facilitates adaptations to spontaneous changes of the production environment
(Hecklau et al., 2016). This may add advantages for companies like avoidance
of redundancies, reduction of storage, and transportation costs.
23

Through the value-added network and the real-time data transfer, the batch size
of one enables an individual mass production (Gebhardt et al., 2015). New
business models relying on a more flexible and efficient production could provide a higher customer satisfaction due to possible individualisation of products. Besides the expectation of creating new business models and boosting the
economy through individual mass production, there are also some issues which
need to be critically reflected:
x Most companies view the digital transformation as the most urgent
topic. But at the moment only a few can see themselves in the valueadded networks in Germany (Schäffer & Weber, 2018).
x An often-named specific problem for a company while discussing Industry 4.0 is IT-security. It is essential to protect the physical production line but also an herculean task for IT-infrastructure (Thames &
Schaefer, 2017). This applies especially to small and medium-sized
companies (SMEs) (Sommer, 2015).
x The larger the company, the greater the chance that the complexity of
Industry 4.0 can be mastered well by their human resources. For
SMEs, the factor of human capital is a critical aspect in investing in
Industry 4.0 (Sommer, 2015).
x Suitably trained employees will be the basis for Industry 4.0. But even
if companies might know how the digital transformation within Industry 4.0 will affect the work of their employees, the stakeholder in
the German dual vocational school system often do not. This will be
a critical point for reaching a leading economic position (Gebhardt et
al., 2015).
Furthermore, Industry 4.0 may have broad implications for its stakeholders including changes in learning culture (Ifenthaler, 2018; Wilbers, 2017). It especially indicates the change of employee’s Multidisciplinary Digital Competencies (Tisch & Metternich 2017; Berger, Granzer, and Lutz 2018).

2.1.2 Multidisciplinary Digital Competence for Industry 4.0
Competence is multifaceted and has been interpreted in great variation
(Westera, 2001). For example Hartig and Klieme (2003) define competence as
the combination of learnable skills and inherent abilities to behave adequate in
non-standardised situations (Westera, 2001). There are numerous concepts of
competence in the digital context, which usually differ only in nuances from
each other (Meyers, Erickson, & Small, 2013; Ilomäki, Paavola, Lakkala, &
Kantosalo, 2014; Fraillon, Schulz, Friedman, Ainley, & Gebhardt, 2015;
Vuorikari, Punie, Carretero, & Van Den Brande, 2016; van Laar, van Deursen,
van Dijk, & de Haan, 2017).
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The concept of Multidisciplinary Digital Competence (MDC) contains the attitude towards digital devices, the handling of digital devices and the information literacy (Fraillon, Ainley, Schulz, Friedman, & Gebhardt, 2014). It includes also the aspect of digital security (Ferrari, 2013), digital collaboration
(Carretero, Vuorikari, & Punie, 2017) and problem solving and reflection
(Eseryel, Ge, Ifenthaler, & Law, 2011) which are also part of the 21stst century
skills (Ananiadou & Claro, 2009). Roll and Ifenthaler (2020) developed a
model of non-subject-related digital competencies especially for technical apprentices. They define this MDC as „the willingness and ability of an individual to behave adequately, individually and socially responsible in the digital
context of professional, social and private situations”.

2.1.3 Learning Factories 4.0 in German technical vocational schools
Heyse (2018) notes that school policy and teaching in general must change in
the course of the digital age. This is especially crucial for industry-related vocational schools, where the learners train for their work life. A state-wide initiative supported through the ministry of economy and ministry of education
enabled technical vocational schools to install Learning Factories 4.0 which
are thought to prepare students for the challenges of Industry 4.0 (Scheid,
2018).
A Learning Factory 4.0 (LF 4.0) is a model-like production line-up being
implemented at several technical vocational schools in the federal state BadenWuerttemberg since 2017. At the end of 2020 there will be more than 37 technical vocational schools with such a modern production facility in the state of
Baden-Wuerttemberg (Ministry for Economic Affairs, Work, 2017, 2018,
2019). Especially students of the metal and electrical industry are learning with
the LF 4.0. Scheid (2018) argues that subject-related and not subject-related
competencies are developable by teaching with LFs 4.0. However, current LF
4.0 literature does not focus on competence development in technical vocational schools nor exist empirical studies documenting the benefits of LFs 4.0
for learning and teaching.
LFs 4.0 never have the exact same technical structure. This is because the
requirements for each LF 4.0 depend on the particular vocational school and
its study programs. Some of them focus on control engineering, some on the
interface to IT and many focus on manufacturing (Scheid, 2018). The popular
term Learning Factory 4.0 includes two different, but similar technical facilities:
1) Modular basic laboratory: There is a modular basic laboratory that allows
to teach basic technical content. Individual industry-related topics can be
learned at several different subsystems. These modules of a basic
laboratory depend on each school’s specification. So, the focus of the basic
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laboratory can be either automation technology, electrical engineering,
mechatronic or robotics. Usually students are allowed to work with the
technology. The primary goal of the modular laboratory is to prepare
learners for more complex tasks and problems at the large smart facility
(Scheid, 2018).
2) Holistic Smart factory: The larger and holistic smart factory is a CPS. It is
the second and more popular part of a LF 4.0. In contrast to the modular
laboratory, the CPS combines physical production with appropriate
control software. The physical production is linkable via Ethernet to
Manufacturing Execution Systems (MES) and Enterprise Resource
Planning (ERP) software. In contrast to the modular basic laboratory the
CPS does not focus on only one subject but combines everything a real
smart factory may have. Therefore, it includes components of automation
technology, electrical engineering, mechatronic, and robotics. The CPS
models complex production lines and batch size one production. In
addition, the effects of networked production are shown with the CPS.
While the LFs 4.0, especially the CPSs, are different to each other,
common elements include a holistic production line combining a chaotic
warehouse, the pneumatic conveying systems, one or more automated
robots, several quality control elements, pressing modules, and heating
modules (Scheid, 2018). However, research focusing on the instructional
design of learning environments for Industry 4.0 including LFs 4.0 at
(vocational) schools is scarce.

2.2 Research Questions
This chapter seeks to close the research gap of how to design learning environments utilising LFs 4.0 for developing MDC using an explorative qualitative
study approach. Hence, the goal of this research is to gain insight into capturing
MDC in LFs 4.0 including the following three research questions (RQ):
(RQ1) Which role do digitization and Industry 4.0 have for the technical
vocational schools?
(RQ2) What MDC do the technical vocational teachers most value for Industry 4.0?
(RQ3) How do teachers integrate the Learning Factories 4.0 into their teaching?
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2.3 Methods
2.3.1 Design
As Scheid (2018) concludes there is no research about the „teaching-learning
arrangements within a Learning Factory” and which „required competencies
[are important] for future shop-floor workers” (Scheid, 2018, 287). In order to
investigate the teacher’s perspective on this research gap, a qualitative exploratory research approach was chosen.

2.3.2 Participants
For the present exploratory qualitative study, interviews with a focus on the
implementation of LFs 4.0 at German vocational schools have been conducted.
The participants are teachers of electrical engineering or mechatronics. The
main criteria for selecting the teachers were: (a) They have teaching experience
with the LF 4.0 and (b) they were involved in the planning and implementation
process of the LF 4.0 in their vocational school. On the basis of these criteria,
28 teachers were selected and contacted by email and phone to explain the
research aim and project. A total of 19 interviews were conducted with teachers
satisfying the above-mentioned requirements. The sample size should be adequate to investigate and answer the three research questions (Patton, 1990).
The interviewees agreed to audio recording, participated on voluntary basis,
had the relevant information, and could reproduce it precisely. They were also
available on time and were motivated to discuss the topic. Thus, all external
conditions for a successful exploratory interview were given (Gläser & Laudel,
2010). Given the general gender inhomogeneity of the technical vocation
(Leifels, 2018) it is not surprising, that all interviewed teachers are male. Unfortunately, because not all teachers wanted to provide information about their
age, this important demographic information cannot be completely stated here.
Based on the information provided, however, the span of the age is between
28 and 54 years. The interviewees teach between 75 and 385 (M = 220.61; SD
= 89.26) students, of the relevant professions, at the LF 4.0.

2.3.3 Instrument
A semi-structured interview guide was designed prior on literature review and
consisted of four parts. First, the interviewees were asked demographic and
general questions about their school. The second part included questions about
the impact of digitization and Industry 4.0 for their technical vocational school.
In this section the teachers were also asked which MDC future shop-floor
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workers should have in general. In the third part, the teachers were asked about
the collaboration between their vocational school and regional companies. The
fourth part of the interview focused on the pedagogical usage of the LFs 4.0.

2.3.4 Procedure
The interviews lasted from 17 to 37 minutes (M = 27.15; SD = 6.78). Due to
holidays and several exams, the period of conducting interviews stretched between end of April and November 2018. All the interviews were conducted via
phone, recorded and afterwards transcribed with the f4transkript transcription
software (Dresing, 2019). The gathered material met all six criteria of objectivity (Mayring, 2002).

2.3.5 Analysis
Two trained employees of the University of Mannheim coded the statements
(K = 0.68) via f4analyse analysis software (Dresing, 2019). The questions of
the semi-structured interview guide were open-ended and therefore the statements were coded and recoded inductively (Mayring, 2015). The interviews
were held in German. For this article the responses were translated and paraphrased.

2.4 Results
The technology of LF 4.0 is complex and currently one step ahead of the industrial standard a majority of companies use. Therefore, findings highlight
the importance of structured implementation of LFs 4.0 and the preparation of
all stakeholders for Industry 4.0 processes on organisational and staff level in
vocational schools.

2.4.1 Which role do digitization and Industry 4.0 have for the
technical vocational schools? (RQ1)
The responses regarding the role of digitization in vocational technical schools
revealed two tendencies. Concerning the general technical infrastructure and
the integration of digital technology in teaching, the participating teachers emphasised that schools „recognised the sustainability and necessity of digitization and must now be instructional” (Interview 15).
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The participants claimed the digitization is „priority no. 1 at our school!” (Interview 1) and that „to make our school more effective due to several applications of digitization. This includes also providing fast Wi-Fi, which should be
available in every corner of our building” (Interview 11). While the school
administration is organising the acquisition of appropriate infrastructure, the
teachers are thinking about the impact of digitization for their teaching. Most
of the interviewed teachers interpreted the role of digitization not only in integrating digital devices, but to speak and discuss about the consequences of
digitization. „Our school administration made me discuss the advantages and
disadvantages of the increasing role of digitization in our every-days world”
(Interview 16).
The minority of interviewees are still busy with the digitization of their
analog materials. This has been expressed in statements like: „Right now I am
concentrating on the digitization of my materials” (Interview 2) and „I just
started to integrate digital devices into my lessons” (Interview 7).
Industry 4.0 seems to be on the rise within technical vocational schools. The
interviewees told us that „Industry 4.0 affects every curriculum at our school”
(Interview 14) and „We have to discuss the chances and threads through Industry 4.0” (Interview 4).
In relation to the implementation of LFs 4.0 the teachers are aware that
these are „possibilities to teach with the most modern production technology
at the time and that means you have to integrate this technology into the class.
Otherwise it would be just a big expensive demonstration object” (Interview
19). While the will to integrate Industry 4.0 topics is present, the teachers warn
that „you have to adapt the new [Industry 4.0] content for the varying level of
students” (Interview 13). Even if „basic topics can be taught with all classes.
How deep you can go into the matter depends on the profession of the students”
(Interview 11). However, the motivation to teach with and about Industry 4.0
seems high. Through the implementation of LFs 4.0 these schools have a technological lead in comparison to most companies: „these vocational schools
with a LF 4.0 are technology advanced to several companies” (Interview 12).
To conclude and answer this research question 1: Even if the infrastructure,
like fast Wi-Fi, tablets, smartboards is improvable, the teacher are aware to
integrate digital devices and topics into their classrooms. LFs 4.0 extraordinary
technological standard is currently ahead of that of the companies.

2.4.2 What multidisciplinary digital competencies do the technical
vocational teachers most value for Industry 4.0? (RQ2)
The interviewees had many different ideas for the MDC of their students. The
interviews revealed: process understanding (nine interviewees with high ex-
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pectations), problem solving (eight interviewees with high expectations), advanced IT-skills (seven interviewees with high expectations) and broad expertise and holistic thinking (6 interviewees with high expectations each). One
example for the last is that „They must understand the consequences of technology for their individual life. This must be brought more into focus” (Interview 18).
Digital Communication and Collaboration seemed to be important for the
teachers. Six participants express that the students should have basic
knowledge of other subjects. Therefore, they can express themselves and understand problems of another profession. Interviewee 14 told: „They have to
learn how to communicate with professionals of other disciplines. For example
should a mechatronics’ student be able to explain his problem to an IT-specialist and vice versa”. Seven of the nineteen participants expected students’
IT-skills to be more advanced. They explained this exemplary by programming
serial ports or handling subject-specific IT-software. The interviewed teachers
do not expect that their students should have deep programming skills, but just
typical basic programming actions. Interviewee 9, for example explained that
„They must be able to act absolutely safely, especially in interface programming. Because networking in combination with data security and data analysis
will become more and more important” (Interview 9). To have a structured,
critical strategy for solving problems seems a general but very important skill
for acting safely in Industry 4.0. „To analyse a problem systematically” (Interview 6) and to „develop a creative way to problem solving, if the usual handles
did not work” (Interview 4) seems to be important for future shop-floor workers.
The most often claimed skill students of technical vocational schools
should develop to be prepared for Industry 4.0 is an understanding for processes as shown in statements like „They should be able to understand and
analyse processes in general” (Interview 2). The recognition of individual processes should „be promoted by their systematic thinking to recognise processes” (Interview 5).
To summarise the results of RQ2: The interviewed teachers highlighted
MDC which are not subject-specific but are needs-oriented and important for
young individuals to act adequately, individually and socially responsible in
the digital context of professional.

2.4.3 How do teachers integrate the Learning Factories 4.0 into their
teaching? (RQ3)
The responses were divided into three different categories: (1) There is no daily
usable pedagogical concept, (2) a pedagogical concept is under development
and (3) teachers integrate the LF 4.0 daily with functional pedagogical concept.
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Before we asked about the pedagogical integration of LF 4.0 we asked for the
infrastructure of the LFs 4.0. Most of them were built up by FESTO (Scheid,
2018). The majority of the teachers stated that the installed LF 4.0 works just
fine and „over time you can easily handle minor problems” (Interview 15).
Larger problems, however, can usually not been resolved without external support from the manufacturer. Interview 17 summarises this fact quite well:
„Overall, the system works well, but maintenance and preparation are very
time-consuming“ (Interview 17).
Two participants admitted that they cannot integrate the LF 4.0 because
they actually have no concept for the pedagogical use of it. However, this is
also due to the fact that in these two schools the modules of the LF 4.0 were
technically integrated only shortly before. So, Interview 3 revealed „We have
not developed any concepts yet, because we still have to integrate all the modules” (Interview 3).
By contrast, there are several statements that show a different status quo.
These schools are testing and developing different pedagogical concepts right
now and so „[We had] the rough idea for quite a long time. But we are now
finally in the actual development phase” (Interview 2). Many schools developed a concrete idea before they implemented their LF 4.0. But „conversion
and adaptation are part of a bigger process. It took us quite a long time at our
school to understand how to integrate our Learning Factory 4.0, especially the
CPS“ (Interview 13). Given the complexity it takes a lot of time until teaching
at the LF 4.0 works. It seems like teaching with the CPS works best on a project
basis, in larger time slots and across class structures, but this requires a high
level of school organisation. The interviewees „have already been able to implement many ideas, but we still see no light at the end of the tunnel. Because
the actual development and the actual improvement of the concepts come from
experiences and routine” (Interview 1).
Other participants agreed with Interview 1 and told us that „there are many
small steps but we are slowly going in the right direction” (Interview 19). But
it is not only the pedagogical integration of the CPS, some schools think further
and try to integrate a „virtual twin of the Learning Factory 4.0. [This] is our
current development task” (Interview 17). The interviews show that the longer
the LFs 4.0 are already installed, the more sophisticated the concepts seem to
be. And the more they are already used by the teacher.
This is also reflected in the last category, in which the five affiliated schools
already use their LFs 4.0 for a long time and use „completely elaborated lessons [which] could also be used for further education” (Interview 9). The fact
that some schools, after their concepts have already been tested, give further
thought shows the following quote: „We are trying to integrate smartphones
and tablets for exploring the Learning Factory. Therefore, we are building up
simple AR [Augmented Reality] and VR [Virtual Reality] functions on our
CPS” (Interview 9). Furthermore, the interviews show a tendency that the
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higher the level of degree of the students, the more the LF 4.0 is integrated into
teaching. Many participants mention that „for teaching future state-certified
technical engineers with the Learning Factory 4.0 there are many elaborated
lessons and concepts than for a lower educational level” (Interview 18). The
lower the performance level of the several trained professions, the less concepts are already integrated into daily teaching within the LF 4.0.

2.5 Discussion
In summary, the interviewed teachers understood the necessary of multidisciplinary digital competence development (Berger et al., 2018; Tisch &
Metternich, 2017). For a minority, the focus of digitization of schools is still
on providing fundamental responsive digital infrastructure. At a first glance,
this seems a bit unexpected, considering that the interviewees work at schools
equipped with the latest smart factory equipment. At second glance, it becomes
clear that in addition to the LF 4.0, challenges such as the implementation of
digital class books, fast and reliable Wi-Fi, which is also available in the entire
school, not just in the room with the LF 4.0, or the procurement of digital
devices still have to be mastered. Although German vocational schools are
usually equipped technically and digitally above average (Krützer & Probst,
2006). But schools are also focusing on how to integrate digitization into their
teaching. This means both the pedagogically meaningful usage of digital
devices, but also digitally and its effects as a topic (Ifenthaler & Schweinbenz,
2013, 2016).
The complexity of LFs 4.0 and the fact, that most regional companies of
the technical vocational schools do not have similar facilities and adequate human resources now (Sommer, 2015), could make it difficult to get help for
fixing bugs or further develop pedagogical concepts.
A better orientation could be the universities, which work with their students at Learning Factories (Abele et al., 2015). However, as Scheid (2018)
already mentioned, there are major differences between the demands of universities and technical vocational schools. For example, while universities can
work with their learners on project level (Baena, Guarin, Mora, Sauza, & Retat,
2017; Schuhmacher & Hummel, 2016), this form is only seldom teachable in
the school context because of the often rigid timetables (Scheid, 2018). The
digitization of schools and Industry 4.0 as a topic are strongly prioritised in the
interviewed schools.
The competencies of RQ2 are not tied to specific training occupations.
Therefore, the claimed skills fit in a model of MDC. The ability of understanding processes and holistic thinking could be assigned to reflection. To solve
problems fits to problem solving. Collaborating digital matches with the idea
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of digital collaboration. Advanced IT-skills could be a level of handling digital devices. They can therefore be considered part of the required interdisciplinary competences (Wilbers, 2016) to work in an interconnected industry. Only
the stated broad expertise of apprentices seems not to fit at a first glance in a
specific aspect of MDC. Either it could be part of reflection, problem solving,
or digital collaboration or in none of these (Roll & Ifenthaler, 2020).
Current literature claims that most schools do not have fitting pedagogical
concepts, which could help to develop competencies through teaching with the
LF 4.0 (Scheid, 2018). But the status quo of integration of LF 4.0 has to be
assessed differently. While schools that have implemented a LF 4.0 for some
time now have more mature concepts. Most schools are in the developing process. The time factor and the experiences made are to be considered here. It is
not surprising that the use of LFs 4.0 varies, considering that many students in
vocational schools have a lack of basic knowledge, like math, grammar, and
languages (Scheid, 2018). While Scheid (2018) points out that various additional technologies such as augmented reality (AR) and virtual reality (VR)
should complement the pedagogical concepts of the LFs 4.0, the findings show
that some schools have already left the planning stage and are developing concepts on how to integrate AR and VR into their lessons with the LF 4.0. The
biggest difficulty is breaking down the complexity to a level appropriate for
each technical student. In five cases of our sample, this seems to work pretty
well. The findings of RQ3 reflect the opinion of Kotter and Schlesinger (2008)
that major technological implementations and change processes need to be
very well prepared. The difficult and unsolved question here is how the teachers could have been better prepared for the complexity of the Learning Factories 4.0.

2.6 Implications and further research
The findings may be of interest to organisations that have identified Industry
4.0 as a major topic of their technical vocational education. School authorities
should have detailed ideas about the later use of expensive and modern equipment such as LFs 4.0 and the involved stakeholders should have concrete plans
on how to prepare teachers. Also, creating new teaching or technical positions
which support existing vocational teachers might have accelerated the actual
pedagogically thought-out usage of LFs 4.0.
Apprentices must be properly prepared for Industry 4.0 in vocational
schools and occupational training. In line with Spöttl et al. (2016) and Wilbers
(2016), the awareness of which Multidisciplinary Digital Competence should
be promoted could also help to consciously integrate them into teaching. The
results may help to develop teaching scenarios for other LFs 4.0 in technical
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vocational schools or to adapt existing ones. The findings with regard to the
MDC could be applied to the occupational part of the dual training. The required interdisciplinary cooperation in training of companies (Spöttl et al.,
2016) can be more intensively promoted than in the organisational environment of the vocational schools (Scheid, 2018).
This study is limited by the fact, that the statements are subjective personal
opinions of the teachers (Flick, 2014; Kidd, 2002). The sample’s validity is
also limited: The present findings are based on a specific group of 19 respondents. However, given the fact that there are very few technical vocational
schools with LFs 4.0, the sample can be called as a broad coverage.
Based on these limitations, existing pedagogical concepts should be scientifically investigated in the next step in order to evaluate the effectiveness of
LFs 4.0 as new concepts in vocational schools. In the centre of this evaluation
should stand competence tests which will analyse the subject-related but also
the Multidisciplinary Digital Competence of apprentices. The fact that the
model-based representation of Industry 4.0 can promote competencies is scientifically justified on the university side (Abele et al., 2015; Cachay & Abele,
2012; Cachay, Wennemer, Abele, & Tenberg, 2012), and to prove this also for
technical vocational schools is the next step of this research.
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Stations in VET in the Crafts Sector
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Lachmann

3.1 Introduction
Digitization and the increasing use of new technologies do not only influence
our daily life but have an impact on workflows in the modern working world.
Particularly, in the crafts sector digital transition is challenging since it requires
much effort to keep up-to-date besides the daily routine. This situation also
affects education and demands new skills of students who will be the employees of the future, as well as it requires a rethinking of educational institutions
and trainers on how to change instruction methodology and course design.
VET faces the challenge not only to bridge the gap between theory and practice
but additionally to train students how to use digital tools efficiently and to
adapt to changes in traditional processes.
The research project D-MasterGuide (DMG) addresses these challenges
with an approach that is suitable for inter-company vocational training centres
of the building and renovation trade. In this domain, apprentices are encouraged to not only acquire necessary expert knowledge but also methods expertise, media literacy, and self-competence. The latter includes skills to reflect
on own behaviour and to document gained knowledge. Therefore, we create
eight domain-specific digital learning stations (DLS’s) based on core work
processes of plasterers, integrate them in master preparatory courses and evaluate learner acceptance and learning transfer.
DLS’s contain anchored instructions, work orders or exercises in order to
augment blended learning lessons with situated learning experience. Students
and trainers switch between digital learning sequences and activities in the
workshop to review and discuss their results afterward in meetings. This scenario enables new learning dynamics and competence development of the participants. Moreover, it enriches the lessons with virtual reality tours (VR),
video animations of the working area, role-playings, open exercises, and a selforganised learning environment. Finally, self- and external assessments are the
basis for deeper discussions as well as for an increase of self-reflection.
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The technical basis of our approach is the Smart Guided Learning System
(SGLS) which combines a learning management system (LMS) with a process
guidance component. The architecture is enriched by different devices, applications, and services providing optimal tools depending on task and place of
action. Our participatory development process involves apprentices and trainers to give direct feedback and derive improvements for the next implementation stage.
In the next section, we shortly introduce the current situation as prerequisites of the DMG approach and briefly describe its main goals and principles
in section three. Then, section four explains in more detail the project workflow, its phases and their related outcomes. Finally, we subsume the gained
results in the conclusion and give a brief overview of future work.

3.2 Prerequisites
Digital communication becomes more important in small and medium-sized
craft enterprises (SMEs), on the one hand during contact with customers and
suppliers on the other hand due to internal communication. As a result of a
market study to promote digitization efforts in the craft sector, a majority of
companies replied that they understand digitization referred to their company
mainly as communication and the area of office-optimisation, organisation,
and planning (Heil, Fröder, & Spilski, 2018, 55). According to (Brolpito, 2018,
13) the European Commission „highlights that today 90% of jobs require some
kind of digital skills, while almost half (44%) of the EU workforce has low
basic digital skills, of which 22% has no digital skills at all”. Also, in a study
about the digitization of trade (Bitkom, ZDH, 2017) a majority of participants
are open to digitization (81%). However, more than half of them see the transformation process as a big challenge and more than two-thirds consider the
lack of digital literacy as the main obstacle.
The DMG consortium perceives the main reasons in the self-competence
of acting persons on how to handle innovations. Self-competence is the ability
to act responsibly for oneself and comprises characteristics like autonomy, critical faculties, confidence, reliability, sense of responsibility and duty. Therefore, partial competences like self-reflection, self-efficiency, motivation, and
target orientation should be strengthened already in the vocational training.
Moreover, a neutral consideration of digital techniques and tools should be
achieved since digitization increases and changes the craft-related world of
work (Spilski, Heil, Schmidt, Schwertel, & Mayerl, 2017, 39). Although, nowadays the young generation grows up and spends a lot of time online, „they are
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media-related, they are not media-literate” (Dehne, Lucke, & Schiefner-Rohs,
2017, 78). Thus, VET should not only strengthen the practical and theoretical
skills of apprentices but also develop competences to deal with technologies
and media usage.
Schmid, Goertz and Behrens (2016, 21) state that innovation in schools
often fails due to insufficient technical infrastructure on the one hand and the
lack of resources or competences of the trainers on the other hand. The first
issue can be resolved by using the given financial aid and invest it into a solid
technical infrastructure and tools. The latter relies on different reasons: trainers
are often lost in various confusing information, they usually are not given space
for the necessary additional work and try to achieve the related competencies
by self-studies. Furthermore, some of them fear embarrassing themselves in
front of their class if some students are more experienced with digital devices
and technology. The German education system established the dual system
with cooperation between publicly funded vocational schools and SMEs. Typically, the training lasts two to three and a half years and the trainees spend
alternately parts of their time at school and the other part at a company. Learning at inter-company vocational training centers of renovation trade traditionally has focused on practical actions in cabins or movable walls. In master
craftsman training (e.g. preparatory courses) many trainers still use teachercentered instruction to impart construction knowledge. Learning with projects
and open issues hardly takes place.
The DMG project proposal focuses on participants of preparatory courses
for the master craftsmen in the plastering trade. In this phase students still have
enough learning resources and thus, positive effects like self-competence and
neutral consideration of digital techniques and tools are most likely reachable.
Most of the participants are between 18 and 25 years old and aspiring owners
or future second-level managers with a highly personal interest in leadership
and management issues.

3.3 The DMG Approach
As we learned before, digitization in education requires not only money to buy
technologies and hardware but also needs increased competences for both students and trainers, strategic development to change the attitude towards digital
learning and rethinking of learning and pedagogical concepts.
The DMG project develops concepts to encourage students to think and
work independently. They should be supported individually based on their
prior knowledge, learning level and speed. Alternatively, self-reflection can be
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used as a developmental possibility to strengthen confidence and to enhance
learning motivation. Finally, apprentices should use digital technologies to increase various competences—theoretical knowledge, practical skills and digital and media literacy to simplify their professional life.
Moreover, the DMG project aims to support trainers in the transformation
process and strengthen their confidence. Some of them are afraid that their
work will be replaced by digital technologies. This fear is unfounded: (Schneider & Preckel, 2017, 30) revealed that „educational technology is most effective when it complements classroom interaction”. Trainers can do more than
presenting basics in lecture style. They often have a lot of experience of the
working environments and are able to enrich lessons as experts in a variety of
topics. Thus, digital systems might be useful tools to assist trainers in their
everyday life: learning data can be used to focus flexibly on competences,
strengths and weaknesses of the group and adapt the results to versatile possibilities of course design.
The DMG approach integrates different principles to a didactical-methodological concept. The DMG approach combines the method of learning stations (similarly to learning islands, Dehnbostel, 2008, 531ff.) as part of an
overarching setting with the principles of process-oriented learning (Howe &
Staden, 2015, 26ff.). Hence, processing of an order is divided into domain specific steps with related tasks that are assigned to different stations.
The core of the DMG framework comprises eight digital learning stations
(DLS) that are mainly used in a blended learning scenario within the classroom. These DLS contain amongst other content anchored instructions, work
orders or exercises to enrich the lessons with a situated learning experience.
Learners and trainers switch between digital learning sequences and activities
in the workshop to review and discuss their experiences and results afterward
in meetings. This enables new learning dynamics and competence development of the participants. Extended media types support students to change
from consuming to active learning behaviour in order to achieve sustainable
learning success. Hence, anchored instructions are designed as virtual tours
(VR) or video animations of the working environment, whereas open exercises
enable students to create solutions with text, images, tables or attached documents. Self- and external assessments provide variety in the everyday learning
situation and are the basis for deeper discussions as well as for an increase in
self-reflection. Trainers profit from the blended learning scenario with roleplayings, discussion or feedback sessions to enter into dialogue with their students.
Additionally, the DMG approach considers heterogeneous learning groups
with divergent learning levels, speed and prior knowledge. Each DLS includes
learning sequences for three different learning levels (novice, advanced or
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master)—similarly to developmental tasks described in (Becker, 2013, 17).
Thus, teachers can react flexible to the knowledge of the class and select appropriate level.
Besides the core framework, an easy-to-use and self-organised digital
working environment might help to encourage students to increase their learning progress and motivation outside of the class. Therefore, we include preconditions and prior knowledge of the learners, derive requirements and suggest individual incentive measures via digital assistance.
Finally, we include teachers in the testing process and coach them how to
use DLS in the classroom. The direct involvement of trainers and students in
these phases increases the acceptance of using the technologies afterwards
since their requirements and needs are addressed by design.

3.4 DMG Workflow Phases and their outcomes
The participatory development process of the DMG project demands close
collaboration within the extensive consortium consisting of technology
partners, end-users and scientific partners (see details on https://d-masterguide.de). Based on concrete issues, we elaborate on conceptual designs and
implement solutions that are tested and evaluated continuously. The DMG
workflow can be divided into three phases which are repeated in several
iterations for the entire duration of the project:
x Specification Phase: In this period requirements of the target group
are collected, analysed and provided as a specification for the following phase.
x Realisation Phase: Based on the documents of the previous phase
the requirements are technically realised either as new developments, customised configuration or content creation.
x Testing and Evaluation: Students and trainers test the result of the
former phase in trails on-site and return direct feedback and evaluations. Thereafter, the data are analysed and interpreted to serve as input for the Specification Phase of the next iteration.
The following subsections describe briefly the phases of an iteration with their
main results.
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3.4.1 Specification Phase
Each iteration of the DMG workflow starts with collecting and analysing requirements derived from the DMG approach and the last evaluation phase. The
resulting specification does not only affect the content and curriculum of our
framework but also the technical infrastructure of the underlying learning environment. In the following subsections, we will explain in detail the initial
requirements we derived for both aspects.
3.4.1.1 Curriculum Concept
Digital Learning Stations (DLS). The DMG framework consists of eight process-based DLS oriented towards the renovation trade. They include curricula
for three learning levels (novice, advanced or master) with an increasing complexity of the related scope of work (simple task orders, advanced customer
orders or extended project orders). The curricula with a blended-learning approach involve micro-processes to support understanding, working and using
digital tools in overlapping typical occupational situations. Although we implemented all DLS prototypically for the specific topic insulation, the concept
can be used for any other topic since the processes remain the same.
A curriculum comprises real actions in presence as well as blocks of preparing and follow-up exercises within the learning sequence. Figure 1 shows
the realised syllabus of DLS 1 on the novice level. It offers clusters of several
exercise types to encourage learning in various manners. The sequence consists of a mix between individual work (could also take place from home/distance) and guided group work. It comprises general information, anchored instructions, self-checks as preparation or follow-up tasks, open exercises and
reflection in discussion panels. The following paragraphs describe several elements in more detail:
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Figure 1: Curriculum of DLS 1, novice level

Source: own representation

Anchored instructions (AI). Each DLS starts with impulses in the form of AI
to describe the current issue. AI is a technology-centred learning approach and
a form of situated learning that emphasises problem-solving within an integrated learning context, which can be examined from multiple perspectives. A
complex story encourages students to solve realistic problem formulations actively and independently. The relation of stories with further knowledge helps
learners to apply new knowledge and to overcome the theory-practice gap.
As we already live in an era where VR training is being used to prepare
students, employees, to operate remote equipment, let alone entertainment and
retail purposes, VR experience instances were conceived as a special case of
AI. It is necessary to sensitise prospective masters to this medium given that
the scope of their future work could include uses of different artificial realities
(e.g. client consulting situation, giving a hint of the final result of plasterworks). The VR experience was designed as an introductory unit to the DLS
by assuming learners being novices of that type of experience. Thus, the requirements included natural methods of interaction and a detailed tutorial designed to familiarise the learners with virtual reality in general and the actual
gameplay in particular. The VR experience instances were designed to give the
possibility of practice-based learning experience rooted deeply in the realworld context. A narrative with a real-world problem behind the learning content was also supposed to spark interest and give awareness about the following
content of the DLS.
Self-checks and competences. One relevant part of the level-based curriculum of a DLS is so-called self-checks where students can test their
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knowledge on their own or in small groups sharing one user account. The questions related to the mapped process are clustered around several competences
(social, professional and media competences) and rely on the learning level of
the corresponding curriculum. Self-checks are used as a block of introductory
or follow-up exercises including practical knowledge. This knowledge is a prerequisite for the successful completion of a DLS as prior knowledge in commercial-technical professions is assumed to be important for learning progress
(Nickolaus, Abele, & Albus, 2015, 24).
Working with documents. Our framework also aims to support the use
of new technologies comprising theoretical and practical knowledge. Students
should not only consume media and read books to be tested afterward but create meaningful media in artisanal context. Therefore, we included trainings
where practical tasks are combined with exercises to use digital tools, e.g. by
documenting their crafted work, prepare checklists for consultation meetings
with customers or create tables to insert measured data. Hence, students learn
how to work with several tools on the one hand and gain knowledge about the
different necessary steps of a process on the other hand.
Challenges and benefits for trainers. The DMG approach relieves trainers from the classical and commonly used teacher-centred instruction. Students
can gain and repeat basic knowledge either in the form of distance learning or
independent work in silence. Then, trainers may spend their time answering
open questions directly with single students or the entire class, enlarge and
deepen the topics by open discussions, exchanging experiences or interactive
role-plays. Giving students individual feedback within the learning system on
open exercises enables tutors to simultaneously document their assessments.
Finally, the recommendation and additional statistics about the students’ progress within the DLS give tutors a brief overview of their competences and
support them in adapting their lesson planning to the current class situation.
3.4.1.2 Architecture Plan
The DMG architecture realises the concept of smart learning environments
(SLE) (Koper, 2014) that augments physical learning locations and situations
(e.g. classroom, lab, workplace) with digital, adaptive and context-sensitive
services, devices and content to organise learning in a better and more efficient
way. Thus, we set up a so-called Smart Guided Learning System (SGLS, see
Figure 2), that relies on an LMS extended by the necessary components, functionalities, and interfaces to other services or tools (e.g. VR Apps).
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Figure 2: DMG Architecture

Source: own representation

The LMS comprises two components: the responsive frontend supports a mobile-first approach and offers students and trainers a user-friendly learning environment. The administrative backend provides powerful tools for administrators to set up complex learning scenarios.
Students switch between several devices (e.g. VR headsets, smartphones,
tablets or laptops) depending on their tasks with specific requirements or their
current learning environment (e.g. workshop, classroom). SGLS provides them
with learning material, work assignments, and information and stores the students’ activities and results (2). The most suitable devices for trainers are laptops and tablets (1). They provide data by giving individual feedback and assessments and therefore document the development of their students. SGLS,
in turn, delivers statistics and reports to trainers such that they might use the
information for their lesson planning. The content- and user management components support administrators to create and structure material for the DLS,
import users and assign roles, permissions or content. PCs or laptops serve best
to pre- or post-process data and exchange (3) it with the SGLS. An internal
data transfer (4) between the frontend and the backend component ensures the
mapping of complex learning scenarios to a comfortable user-experience.
Based on the consideration that learners would be overwhelmed with the
amount of learning content, it was conceived to incorporate a process guidance
component in form of a recommender service (RS) into the LMS with the aim
of achieving media competences. Ultimately, the goal of RS is to assist the
process of content discovery without being overloaded with information and
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to provide tailor-made recommended content. RS exchanges relevant user data
(5) with the LMS: it receives activity-based data of a user and returns a list of
relevant content data after its computations. This might be exercises of a higher
learning level, suggestions to repeat content related to certain competences or
unworked tasks to catch up on the work progress of their class.
For the VR experience we varied the hardware between Oculus Rift, Go
and Quest. The choice of these technologies relied mainly on the affordability
of the mentioned hardware and, consequently, their potential use within the
educational setting. Oculus Rift is wired to a PC and benefits of the quality of
images and precise positional tracking. Hence, trainers can use it perfectly to
demonstrate specific scenarios with an additional screen in the classroom. On
the contrary, Oculus Go and Quest can be used wireless with their headmounted displays and are well suited for self-learning experiences. Currently,
VR components and SGLS are loosely coupled: information in the curriculum
gives instructions to switch to the VR environment, explains the task or gives
general instructions on how to use the headsets. Results of the VR tour can be
stored manually within the SGLS system if desired.

3.4.2 Realisation Phase
In the realisation phases, we setup the digital learning stations (DLS) and extend the SGLS and Apps with necessary functionalities. The next sections describe three implemented examples in more detail: the realisation of an anchored instruction (AI) as VR experience, the setup of a DLS with open exercises and finally the entire environment with a recommender guiding students
how to proceed.
3.4.2.1 Introductory Impulses
The VR environment was grounded in the story of a house inspection. The
learners virtually walk around a house that was captured with the help of a
360° camera as on-site inspection. Ultimately, their goal is to identify the scope
of work and proceed to plan the repairment and finishing. To do this, they start
by finding all the problem areas on the exterior of the house. Every correctly
identified spot is followed by a multiple-choice question to eliminate false positives and to deeper introduce the learners to the learning material as gamification approach. Figure 3 shows an overview of the user interface of the VR
learning environment.
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Figure 3: Interface of the VR application

Source: own representation

The VR environment enables learners to switch between three levels of difficulty which correspond to the three competence levels. Completion of a VR
component of the DLS takes around 25 minutes on the medium level. Upon
completion, the results are shown with the option to export them as a report.
Besides, the learners have the possibility to replay their walkthrough with the
additional analysis of the viewing direction and dwell time in form of heat
maps, enabling them to identify their blind spots and moments of doubt.
3.4.2.2 Process-oriented Practice
As already described in section 4.2, admins use the LMS to setup DLS,
whereas students and trainers access the different materials and required workflows of the DLS in an easy-to-use learning environment. DLS map available
content in level-based curricula to support a teaching structure: Thus, AIs are
available directly within a DLS (e.g. Web-based-trainings) or given as instructions on how to proceed with external devices (e.g. VR application with
glasses). Self-checks are realised as tests with various question types like single-, multiple choice or matrix questions, drag & drop, image selection or sorting tasks that can be evaluated automatically by the system. Students can work
on self-checks independently and develop their competences. Hence, trainers
do not have to lecture fundamental knowledge and can focus on topics which
are most relevant for the class (e.g. main interest or specific support).
In the craft sector particularly tables play an important role since almost
every step within a process relies on lists, e.g. requirement lists for customers,
measurement lists, item-, capability- or stock-lists, checklists documenting the
sequence of work or the criteria of work packages. Thus, we extended exercises so that tables can be created, filled, edited and displayed directly within
the learning environment. The workflow allows to submit solutions such that
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the trainer can evaluate each contribution individually. We also created an exercise to introduce how to work with tables. Based on a curriculum vitae in
tabular form students learn stepwise to fill, extend and finally style tables for
their own purposes and train their media literacy.
3.4.2.3 Supporting Self-competence
Besides DLS, the learning environment provides additional support for students and trainers. Immediately after login a notification reminds users about
their last activity and provides a direct link to continue. A help page comprises
several information how to use the platform or particular functions. Personal
statistics and reports help students to reflect on their learning progress. Trainers
benefit from this information about their class to improve and adapt their lessons based on the student’s strengths and weaknesses.
An integral part of the SGLS is the embedded recommender service (RS).
In a broad sense, RS tries to predict the relevance of items for a particular user
based on the assumption that similar users would have related interests and,
therefore, would respectively like and dislike similar items. Thus, RS provides
the user with a personalised list of recommendations, based on a number of
predefined parameters, such as ratings of different items in the past. However,
when the list of items highly relevant for the user becomes too long, it may
result in a paradoxical situation of choice overload (Bollen, Knijnenburg, Willemsen, & Graus, 2010, 63) where it is difficult to choose from a variety of
good alternatives. This assumption led us to consider that only a small amount
of the topmost recommended items can be shown to learners unless they explicitly inquire to display more. The learners, however, should be given flexibility in determining what recommendations should be based on.
The initial set of parameters for making recommendations included around
ten values which have been reduced and refined during the iterative development process. Based on the predefined parameters, such as previous learning
results, search queries, and personal interests, the learner is provided with relevant learning items. The system enables the students to choose from parameters and filters they would like to receive recommendations based on and,
therefore, provides more targeted information in an efficient way.
In order to get meaningful recommendations, the learning content (e.g.
self-checks) are mapped with metadata reflecting the related learning level and
the corresponding process step.

50

3.4.3 Testing and Evaluation
We used the design-based research approach based on collaboration among
researchers and practitioners in real world settings (DBRC, 2003; McKenney
& Reeves, 2018). It has been used to analyse the catalysts and barriers in the
development of digital learning and optimise our solutions. While conducting
several design loops, we applied qualitative interviews, standardised cognitive
tests, standardised questionnaires measuring demands, acceptance and self-efficacy, performance measurement, and usability testing of DLS and VR prototypes. In this contribution, we focus on four design loops depicted in Figure 4.
Participants were selected by vocational training institutions in Germany:
for loop 1 to 3 the Competence Center for Finishing and Facades in Rutesheim,
and for loop 4 the Vocational School for Technology I in Kaiserslautern respectively. In loops 1 and 2, a total of N = 37 prospective master craftsmen
(three female) were selected from a master preparation class of plasterers (age
M = 27, Min = 21, Max = 39). For the third loop, we selected N = 15 students
in plastering (second year of training) (age M = 22, Min = 17, Max = 34), and
for loop 4, we selected N = 35 students from the structural engineering department (plasterer, painter and varnisher). Thus, a total of 87 craftsmen and prospective craftsmen (including three teachers) participated until now. The following subsections subsume the results gained from the different design loops.
Figure 4: Design loops

Source: own representation
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3.4.3.1 Loop 1: Baseline values
In loop 1, we performed cognition and acceptance measurements by using
standardised scales and cognitive tests as far as possible to get the participants’
individual baseline values. The following paragraphs have been published
elsewhere (Spilski et al., 2019, 4).
Cognitive tests record individual cognitive abilities. The individual processing speed was measured by a number connection test (ZVT, see Oswald,
2016, 1ff. or, for a digital version, Rodriguez et al., 2019, 730ff.), working
memory span with the AOSPAN test (Unsworth, Heitz, Schrock, & Engle
2005, 273ff.), the (visual) attention with the Frankfurt Attention Inventory 2
(FAIR 2, Moosbrugger, Oehlschlägel, & Steinwascher, 2011, 1ff.), and the
visual spatial imagination with a digital version of the 3DW test (Gittler, 1990,
1ff.).
Questionnaires covered job-related learning transfer factors such as
„learning-related self-esteem“ (Schyns & Collani, 2014), „fear and uncertainty
in learning“ (Patzelt & Opitz, 2014) and attitudes to technology (Neyer, Felber,
& Gebhardt, 2016).
Cognitive test performance: The z-values shown are standard values. They
were determined by looking up the corresponding standard value for the
achieved point value of the test persons. A z-value of one, for example, means
that a person has achieved such high values that he or she has a standard deviation above the mean value compared to the norm sample. The mean z value
for mental speed was M = 0.77 (Min = -1.7, Max = 3), attention performance
was M = 0.31 (Min = -0.84, Max = 1.65) and for concentration ability M =
0.37 (Min = -0.74, Max = 1.56). The results of the cognitive tests showed a
high heterogeneity of individual performance. This is illustrated by the fact
that among the participants, the one with the lowest value at mental speed was
1.7 standard deviations below the norm sample, whereas the one with the highest value was three standard deviations above the mean value of the norm sample. Values of -1.7 can be rated as clearly below average and values of 3 as a
particularly high performance. A high degree of heterogeneity was also shown
for the attention and concentration ability, which, however, can be rated as
lower compared to the processing speed. The mean values show slightly increased but not significant higher mean values compared to the norm sample.
Learning attitudes: The statements of the factor perceived self-efficacy
were evaluated with a five-point rating scale: refuse completely = 1, partially
reject = 2, partially/partially = 3, partially agree = 4 and fully agree = 5.
Whereas a five-point rating scale with the following scale points was chosen
for the second factor „feeling of fear and uncertainty of learning“: never = 1,
rarely = 2, sometimes = 3, mostly = 4, always = 5. For both scales a value of
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three can be interpreted as the mean value of the scale and rather as a neutral
assessment. In terms of learning attitudes, the perceived self-efficacy was rather positive with a mean of M = 3.76 (Min = 2.57, Max = 4.29), while the
feeling of fear and uncertainty of learning was less pronounced with a mean
of M = 2.53 (Min = 1.67, Max = 3.5).
Attitude towards technology: The attitude towards technology contained
three factors: technology acceptance (1), technical competence conviction (2)
and technology control conviction (3). All three factors were assessed using
the same five-point rating scale, however different statements which had to be
evaluated. This scale contained the following scale points: refuse completely
= 1, partially reject = 2, partially/partially = 3, partially agree = 4 and fully
agree = 5. First, factor (1) has an average of M = 3.36 (Min = 1, Max = 5) and
measures the general interest in and use of new technologies. Second, factor
(2) has a mean of M = 4.00 (Min = 2, Max = 4.75) and reflects the self-perception of competence in dealing with (new) technology. Third, factor (3) has a
mean of M = 3.56 (Min = 2.50, Max = 5) and reflects the perception of one's
own control over technology (Does the machine do what I want or am I helplessly exposed to technology?). Although there was also a high degree of heterogeneity in the sample for these attitude factors, we did not find completely
negative attitudes towards technology. This can be seen from the fact that for
all three factors the mean values were above three and in the case of technical
competence conviction four. Therefore, a neutral to partially positive attitude
towards technology can be assumed, and, we saw a chance for DLS to be accepted in learning processes. As a result, we developed first prototypes.
3.4.3.2 Loop 2: First prototype
In design loop 2, we tested the use of the first DLS-prototype by qualitative
methods. These were applied to collect assessments of the participants during
the use of the prototype. The results were included to improve the DLS prototype.
Below, we present some statements of the participants to give an impression of their experiences.
In the beginning there were many negative statements concerning hardware problems (e.g., WLAN connection) and unfamiliarity with the user-interface of the DLS, for example:
„Registration takes too long!”; „Infrastructure just doesn't fit!”; „I'm sick and tired of technical difficulties!”; „Where's the back button?”; „That's far too narrow on the tablet!”

In the course of the testing, statements were mainly given to the language used.
They were still negative, for example:
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„Language of the plasterers is missing!”; „No talking around the language, more depth.”

However, after the DLS was used for about 45 minutes, the statements changed
to a more positive evaluation, for example:
„Switching between self-learning and plenary can work. But technology is very important.”;
„It's the future, very positive”; „You can see right away if you can do this. What is your
learning status, direct feedback and have info where I should get better.”

In sum, the first prototype was quite successful, and we thought that learners
would be able to manage DLS. However, it was necessary to adapt the prototype. Consequently, for loop 3, we tweaked the technical language towards
domain-specific terms and used laptops instead of tablets to gain a better usability, especially for tasks with tables.
3.4.3.3 Loop 3: Enhanced prototype
In design loop 3, both the LMS and the VR environment were tested and evaluated (N = 15 students in plastering, second year of training). In this contribution, however, we focus on the LMS (for VR see Spilski et al., 2019, 1ff.). We
tested the enhanced prototype with standardised questionnaires, including the
following aspects:
Different dimensions of the perceived workload were measured with the
NASA Task Load Index (NASA-TLX; Hart & Staveland, 1988, 139ff.). It
measures the perceived workload in six dimensions, namely mental demands,
physical demands, temporal demands, (satisfaction with) performance, effort,
and frustration. Self-constructed items were given to evaluate the perceived
usability of the DLS and user experience (UX). We also used the same scales
as in design loop 1, such as „learning-related self-esteem“, and „fear and uncertainty in learning“ (see subsection 6.1). In addition, acceptance factors from
the Technology Acceptance Model 3 (TAM 3, Venkatesh & Bala, 2008,
273ff.) were assessed, e.g. „Perceived fun while using DLS“, „Ease of use“,
„Perceived usefulness of DLS“ as well as the „intention to use DLS”.
Perceived workload: The results from the survey with the NASA TLX on
a scale of 0 (very low) to 20 (very high) indicate that the average level of physical demands was M = 5.85 (Min = 1, Max = 20), of frustration related demands M = 4.69 (Min = 1, Max = 15), effort related demands M = 8.08 (Min
= 2, Max = 20), temporal demands M = 9.38 (effort related demands); of mental demands M = 10.23 (Min = 1, Max = 20) and of performance related (satisfaction with) performance M = 14.54 (Min = 5, Max = 20); suggesting that
physical-, frustration- and temporal related demands were relatively low,
whereas temporal-, performance- and mental-related demands were slightly
higher. Figure 5 illustrates the corresponding mean values.
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Figure 5: Mean values of the load assessments. Whiskers = 95% confidence intervals
of mean values.

Source: own representation

Fear and uncertainty in learning with the DLS were assessed with six items:
The participants rarely felt fear and uncertainty in learning with the DLS,
which was reflected by an average of M = 1.95 (Min = 1, Max = 3) on a fivepoint rating scale never = 1, rarely = 2, sometimes = 3, mostly = 4, always =
5.
Usability Ratings were made on a five-point rating scale: refuse completely = 1, partially reject = 2, partially/partially = 3, partially agree = 4 and
fully agree = 5. Table 1 lists the descriptive statistics for eight items. All assessments of the DLS tended to be positive (values greater than three). In contrast, the two items („At the beginning I would have needed more practice to
operate the DLS”, „I sometimes had the feeling that the DLS no longer reacted”) had lower values (below 3), which also stands for a tendency towards
good usability.
Table 1: Descriptive Statistics Usability

Source: own representation Note. M = Mean, 95% C.I.: 95% confidence interval of the mean
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Acceptance factors: We also measured several constructs from the technology
acceptance model, e.g. fun, ease of use, usefulness and intention to use, and
again we found rather positive results. Factors from TAM 3 were assessed with
three items per factor. The results from the survey with the TAM factors on a
scale of refuse completely = 1, partially reject = 2, partially/partially = 3, partially agree = 4 and fully agree = 5 indicate that the average level of „Perceived
fun” were M = 3.31 (SD = 1.28; Min = 1, Max = 5), „Ease of use” were M =
3.42 (SD = 1.43, Min = 1, Max = 5), „Perceived usefulness” M = 3.23 (SD =
1.47, Min = 1, Max = 5), and „Intention to use” were M = 3.08 (SD = 1.38,
Min = 1, Max = 5). This means that values greater than three were obtained
for these acceptance factors, which can be interpreted as neutral to partial
agreement. However, this does not mean that, for example, the „Perceived usefulness” is judged completely positive, the same applies to the factor „Ease of
use” and the factor „Perceived fun” with the DLS. In order to achieve a higher
intention of use, further improvements in the factors mentioned are therefore
necessary.
3.4.3.4 Loop 4: Learning performance
In design loop 4, we investigated how the implemented VR environment (cf.
subsection 4.2.1) impacts the learning performance in contrast to traditional
methods. The learning goal of the VR environment was to train relevant skills
and action-oriented knowledge regarding detection and handling of facade
damage, e.g. cracks, water damage or mold. In order to have a realistic comparison to other traditional action-oriented learning methods, we compared the
virtual site inspection as VR training (experimental condition) with the identical real-world setting as site inspection (control condition). The detected damages (acquisition rate) and a competence test with multiple-choice questions
about the damage-handling were used as indicators to evaluate learning performance. Moreover, we used the System Usability Scale (SUS, Brook, 1996,
189) to determine the usability of the VR System.
As mentioned before, the evaluation in design loop 4 involved a total of N
= 35 students. Since a randomised group allocation was not possible, the students were divided into experiment and control group by class. Therefore, the
evaluation was designed as a quasi-experiment based on a between-subjectdesign. The execution of the study was as follows: The experimental group
performed the VR training (n = 19) and was able to perform all tasks digitally
via VR-Controller. In contrast, the control group had to detect façade damages
of the same building on-site (n = 16). The participants were given handouts
where they marked damages on printed images of the building and answered
the multiple-choice questions analogously.
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The results of the control group were evaluated paper based whereas the relevant data of each participant of the experimental group was recorded and stored
by the VR system in separate log-files.
Figure 6: Traditional on-site inspection (left) vs VR training (right)

Source: own images

To statistically compare both learning conditions, a t-test for independent samples was performed. The results revealed that the acquisition rate of the experimental group (M = 19.42, SD = 5.54) was significantly higher than the one of
the control group (M = 12.37, SD = 4.37). This results in a statistically significant group difference t(33) = 4.12, p < .001, d = 1.15. The analysis of the
multiple-choice questions yielded the following result: The experimental
group (M = 12.26, SD = 5.65) answered more questions correctly compared to
the control group (M = 7.43, SD = 4.63). This difference was also statistically
significant t(33) = 2.73, p = .005, d = .85.
Based on the statistical evaluation of the acquisition rates and the multiplechoice questions, the results of the evaluation show that the participants performed better under the experimental conditions. Thus, the VR environment
has a positive impact on the learning process. Finally, the SUS questionnaire
(based on ten usability-related items) results with SUS-Score M = 72.85, SD =
10.79 represent a good usability of the VR learning environment.
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3.5 Conclusion
The research project D-MasterGuide addresses the challenges arising with digitization and the use of new technologies in the context of VET. We use an
approach that is suitable for inter-company vocational training centres of the
building and renovation trade. Students benefit from increasing different competences like gaining theoretical expert knowledge, solving practical tasks or
using new technologies in their working environment.
However, our concept does not only focus on the changed conditions for
students but also considers the difficulties of trainers as they are the actual
gatekeepers and face a lot of challenges. If they do not accept the technological
innovations, the use of the technology will be rare.
One problem is that there is a lack of useful material or solutions are isolated or spread over different platforms and technologies. We develop tailored
educational material that is provided by the SGLS. Thus, teachers do not have
to search various sources to get fitting digital media for their lessons.
Our evaluation results confirmed another big challenge: the high heterogeneity of individual performance. The different levels of difficulty for each
DLS and several types of tasks allow students to work in their individual speed.
Finally, trainers are faced with different learning situations that require completely new pedagogical concepts and a positive attitude towards the transformation. However, they are often left alone, do not get time resources to develop
expertise with the new methods and feel unsure to use them in front of the
class. Some of them even fear that they will be replaced by digital technology
and will consequently lose their jobs in near future. Our participative development process helps teachers and students to break down barriers against digitization, to increase acceptance, to trust their own competences and to be open
to discover new ways of learning. DLS support trainers to flexibly structure
their lessons but cannot replace their knowledge, experience, ability to guide
and to encourage their students.
As future work we foresee improvements of the DMG solution and further
research questions. The improvements comprise enhancements and refinements of the technical solution. First, in the crafts sector practical work underlies specific working conditions (e.g. dirty hands, little space, and temperature). This demands for easy-to-use solutions to perform small tasks (e.g. document work) and provide results in the SGLS later. Then, we aim to achieve
data exchange between our VR App and the LMS. In general, we want to reach
interoperability between the LMS and different learning apps and services. Finally, all learning results could be used by the recommender in a consistent
way and serve as basis for meaningful prepared statistics (e.g. overall learning
progress, competences) to analyse the learning process.
58

Further research topics could be the questions how the DMG approach has to
be modified to reuse our technology, infrastructure or experience for other
schools in the crafts sector or even different domains in VET. Moreover, it
would be interesting to investigate the effect various SGLS improvements (e.g.
recommender, usability, and gamification) on the student’s motivation. This
could help to increase the students’ readiness to use the learning environment
voluntarily besides the classroom.
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4 Tablet PCs in Economics Classes—An Empirical
Study on Motivational Experiences and Cognitive
Load
Christin Siegfried & Rico Hermkes

4.1 Introduction
Digitalisation and the usage of computers, smartphones, and other digital media are becoming increasingly prevalent in our everyday lives and has in recent
years expanded the didactic-methodological options in education (Gros &
García-Peñalvo, 2016, 1). Therefore, the use of digital media is linked to the
hope of meeting subject-specific needs but also challenges in teaching and
learning processes across domains (e.g. Beatty, Merchant, & Albert, 2019; Erbas & Demirer, 2019; Hutchison, Beschorner, & Schmidt-Crawford, 2012).
This also applies to economics and business lessons (Schuhen & Froitzheim,
2015; Conrad & Schumann, 2017), whose quality has recently been criticised
due to proven economic deficits, both among pupils and among teachers (e.g.,
Siegfried & Wuttke 2016; Davies, Syed, & Appleyard, 2016). These deficits
include systematic deficits in students’ prior economic knowledge (Siegfried,
2019; Siegfried & Wuttke, 2016), widespread misconceptions and preconceptions that preclude an understanding of economic terminology (Davies et al.,
2016; Meyer & Land, 2006) and difficulties in taking the high complexity of
economic interrelations into account—i.e., one must simultaneously consider
numerous factors and large amounts of data (Vosough, Kammer, Keck, &
Groh, 2019) and handle uncertainty in the context of economic decision-making processes (Altman, 2012).
Lessons in economics should take these points into account, and digital
media offer plenty of potential to meet these requirements. For example, deficits in and different levels of learners’ prior knowledge require tailor-made
instructions, as well as learning support, which can be used individually in situ
by the pupils according to their needs. Learning tutorials and digital learning
nuggets on basic economic concepts that, for example, have different levels of
difficulty can be used for this purpose. Furthermore, to represent complex economic contexts, data visualisation techniques can be used, e.g. by translating
economic contexts into diagrammatic representations (Stern & Aprea 2002;
Vosough et al., 2019) or by creating models that reduce complexity (see
Achtenhagen, 2001). Moreover, lessons should be designed in such a way that
multiple solutions and approaches are allowed, and students are not led to a
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predefined solution, but rather have to justify their own decisions and results.
This can be implemented, for example, as problem-based learning scenarios,
and virtual enterprises can be created using digital media.
Thus, the question today is (or should) no longer be whether digital media
should be used in the classroom, but how it can be meaningfully integrated into
educational processes. By investigating digitalisation in educational contexts
two aspects seem to be of special interest. First, the learning functions of digital
media need to be differentiated systematically. This includes the explication
and analysis of learning potential arising from the use of the different functions
by digital media. Second, didactic requirements that can be attributed to the
learning content should be taken into account. Looking at studies focusing on
the field of economics education, not only the role of digital media regarding
learning outcomes has been examined (Kim & Frick, 2009), but also students'
motivational experiences and information-processing variables (e.g. Beatty et
al., 2019; Egloffstein, Kögler, & Kärner, 2012; Conrad & Schumann, 2017).
However, the primary emphasis is on analysing the influence of the use of digital devices in general or students’ information and communications technology (ICT) skills on these variables. We have yet to see a systematic analysis
of teaching and learning processes and their dynamical changes due to different learning functions of digital media; this remains a research desideratum.
In our study, we pursue two research objectives: First, we investigate the
influence of the use of digital media on students’ motivational experience and
cognitive load variables, specifically the question of whether there are significantly different time courses of these variables in „digital classes” and „analogue classes” and which different learning functions are achieved by the use
of digital media. Second, based on the temporal patterns of the motivational
experience and cognitive load variables, we aim to formulate hypotheses including the interrelationship between learning functions of digital media and
the characteristics of learning contents that can subsequently be tested in larger
studies. Thus, we are interested in the conditions under which digital learning
succeeds or fails.
The following two sections address these two objectives. They include an
explication of the learning functions that can be provided by digital media.
Subsequently, empirical findings concerning the target variables (motivational
experiences and cognitive load) of learners in digital learning scenarios are
reported. With respect to the research desiderata, the objectives of our study
are formulated and presented, followed by a description of the study design
and the present sample. The results and their critical discussion conclude the
paper.
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4.2 Theoretical background and empirical findings
4.2.1 Process-Mediation-Product paradigm and analysis of digital
media usage
In the context of digital transformation processes, opportunities to learn are
fundamentally changing. Based on the process-mediation-product paradigm
(see Winne, 1987) such changes can refer to (i) teaching activities in situ (process); (ii) learners’ state variables like motivational experiences, frustration,
boredom, willingness to learn, or enjoyment (mediator variables); or (iii) learning outcomes such as competencies, practical skills, beliefs or value attitudes
(product). Thus, investigations of digital media can take place across areas (i)
- (iii). Analysis of learning functions of digital media with regard to the target
variables ‘motivational experience’ and ‘cognitive load’ can be related to the
process and mediation components.

4.2.2 Learning functions of digital media
A classification of learning functions can be based on differentiating between
external and internal functions. External functions concern the learning environment and the structure of the offered opportunities to learn, while internal
functions concern the information processing and knowledge construction of
the learner. External functions include immersion, research and communication, whereas internal functions may be differentiated into learning support
(facing forwards) and representation of learned content (facing backwards).
Immersion
In fulfilling the immersion function, digital media enable the creation of authentic learning scenarios within teaching-learning situations. This in turn facilitates experiential learning. However, this may also result in undesired side
effects, such as increased cognitive effort or even simulator sickness among
learners (Meyer, Omdahl, & Makransky, 2019). Nevertheless, immersion is
not limited to virtual reality, as it can also exist in the real world (see Mills,
2011). Thus, principles of situated learning, such as mutual engagement, a joint
enterprise and a shared repertoire, can be realized (Mills, 2011, 349).
Information searching
With the searching function, digital media offer the potential to use the multitudinous resources available on the Internet for research purposes, leading to
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increased self-responsibility in learning processes, thereby meeting the autonomy needs of learners (see Deci & Ryan, 2000), as they can choose the sources
for themselves. Thus, there is no pre-selection by authorities such as the
teacher. Nevertheless, additional skills are required to use the searching function. Learners are challenged to assess the trustworthiness and the credibility
of sources and issued information and to negotiate contradictory information.
Furthermore, learners must make selections based on the mass of information
available. In this respect, ICT skills include not only technical skills but also
skills in handling large amounts of data, search strategies and valid judgements
(Major et al., 2018; Stadtler et al., 2015).
Communication
The communication function can be used to control the organisation of opportunities and processes by which to learn. Potential arises in particular from
measures to provide differentiated and individually adaptive learning opportunities. The communication function not only affects the organisational structure of classes and learning groups, but also their social structure. Thus, the
social integration of learners can be increased, including, by means of digital
media, over distances (Büchter et al., 2002; Deci & Ryan, 2000). The opposite
effect is also conceivable, namely that certain learners are excluded.
Learning support
In terms of support function, digital media enjoy considerable potential because the possibilities offered by artificial intelligence may be exploited. For
example, more comprehensive diagnostics can be carried out, whether by the
teacher using software or by an artificial tutor on his or her own. On the basis
of this diagnosis, individual learning support can be offered, which on the one
hand is tailored to the student and on the other hand to the situation (cf. Jordan
et al., 2018; Katz et al., 2018).
Representation of content
Using the representation function of digital media, learners can create multimodal external representations of learning content in a variety of ways. Examples include diagrams and graphs as well as animations that enable the representation of dynamics and process features (Vosough et al., 2019). This is of
particular didactic relevance when it comes to gaining an understanding of
complex economic, biological, physical or chemical processes, among others.
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4.2.3 Motivational experiences and cognitive load of learners in digital learning scenarios
Motivational experiences
According to the process-mediation-product paradigm, students' perceptions
of educational processes as well as their motivational experiences, feelings of
autonomy and responsibility all play an important role regarding learning outcomes. According to Malone and Lepper (1987), students' motivation can be
enhanced by at least six factors: (i) challenging tasks, (ii) curiosity or epistemic
surprise, (iii) control, (iv) recognition and appreciation of learning results by
others, (v) competition and (vi) co-operational learning settings. Learning with
digital media may help address these factors (see Ciampi, 2014; Kim & Frick,
2011). Empirical findings confirm the influence of digital media on motivational experiences, but identify two directions.
On the one hand, the use of digital media reduces boredom during teaching
and motivates learners (Bastian & Aufenhanger, 2017; Karsenti & Fievez,
2013; Gruner, 2016). This effect can also be seen in quasi-experimental comparison studies (see Furio et al., 2015). In addition, an effect on student motivation can be observed in augmented and virtual learning environments in particular (see e.g. Erbas & Demirer, 2019). These results can be attributed to an
increased ownership and responsibility for learning among students (Major et
al., 2018).
On the other hand, the use of digital media can also have negative effects
and lead to frustration. This seems to depend not only on whether technological
and administrative barriers occur in the use of digital devices, but also on
whether curricular integration is successful (see Dhir et al., 2013; Hutchison et
al., 2012). Among other things, curricular integration implies that digital media
do not represent an aim in themselves but should be used in a meaningful way
in relation to concrete learning content. The various learning functions by digital media thus need to be taken into account.
Cognitive load
In addition to the variables of motivational experiences presented, variables of
cognitive information processing are considered when the mediator variables
on learning outcomes are discussed. These especially include measures of cognitive load.
Cognitive load theory focuses on working memory processes in connection
with learning activities (e.g. Ayres & Paas, 2012; Paas & Sweller, 2012). Three
measures of cognitive load are distinguished: intrinsic load (IL), extrinsic load
(EL) and germane load (GL). IL is related to the learning content and is „characterized in terms of element interactivity“ (Sweller, 1994, 295). EL emerges
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through inappropriate instructional design and poor learning materials. The
third kind of load, GL, belongs to a different category: it is an endogenous
variable and addresses working memory resources in actu that are „devoted to
dealing with intrinsic cognitive load“ (Kirschner et al., 2018, 218). Thus, IL
and EL are of particular didactic relevance.
Empirical findings suggest that the use of digital media can have positive
as well as negative effects on students' cognitive load measures. Positive effects are assumed if digital media are used to present learning content in multiple forms (e.g. representation of content). As the theory of multimedia learning states, learners learn more easily from text-picture visualisation than from
texts alone (see Mayer, 2009). If pictures, animated graphics and so on adequately complement text-based representations (according to criteria such as
low redundancy, the relevant features are the salient features), then visualisations and animations through digital media should contribute to reducing EL
(see Dindar et al., 2015). On the other hand, digital media can used to create
learning environments and scenarios that increase learners' cognitive load.
Thus, by introducing authentic problem scenarios to initiate the learning process (e.g. immersion), the „free exploration of a highly complex environment
may generate a heavy working memory load that is detrimental to learning“
(Kirschner et al., 2006, 80). Especially in virtual reality, EL can arise because
additional orientation may be required. In this line, Makransky et al. (2019)
refer to the possibility that virtual reality overload and distract the learner.

4.2.4 Research desiderata and aims of the study
In sum, it can be stated that students' motivational experiences and cognitive
load are affected in a significant way by the use of digital media. However,
existing findings provide an incomplete picture of cause-effect relationships
between digital media use on the one hand and motivational experiences and
cognitive load on the other. One reason is that the following aspects have yet
to be addressed by empirical studies: (i) analysis of teaching processes in high
temporal resolution and survey of temporal patterns in experience and load
variables (not only retrospective survey), (ii) systematic integration of digital
media's different functions in different learning phases, (iii) inclusion of control groups with the same learning content (to control effects related to the
learning content).
This study intends to build on this by examining motivational experience
and cognitive load both (1) in their development over time and (2) in relation
to the usage of digital media and their functions. The investigation is initially
explorative and aims to explicate more differentiated hypotheses on the conditions for success of the use of digital media in educational processes. According to these desiderata, our research questions are:
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x

Are there significant differences in the experience and load variables
between ‘digital’ and ‘non-digital’ classes in sum and concerning the
temporal development (of the target variables)?
x Can such differences be generalised to types of more abstract patterns? Do they coincide with the specific learning functions the students use?
In order to answer the research questions, the following analysis steps were
carried out: (i) variance analyses of the global and temporal means of the target
variables (motivational experience and cognitive load), (ii) variance analyses
of the learners’ preconditions to identify whether further effects needed to be
controlled in subsequent analyses, (iii) identification of more abstract patterns
based on the variance analyses of the target variables, and (iv) coding and analysis of the learning functions of digital media.
The interpretation of the results concerning the interaction of (i) the teaching and learning process, (ii) students’ motivational experience and cognitive
load, and (iii) different digital learning functions was finally used for the explication of an empirical hypothesis for subsequent studies.

4.3 Method
4.3.1 Design and sample
Design
The study was conducted using a quasi-experimental design with two economic grammar school classes’ economics and business lessons over a period of
six hours (each lesson being 90 minutes). Whereas one class used tablets during learning (experimental class), the other used conventional analogue media
(control group). Assignment to the experimental and control groups was voluntary and did not take into account the particular technological affinities of
the learners. The content of the lessons was planned collectively by the teachers of the two classes and took place in both classes simultaneously and in the
same form.
All lessons were videotaped using two cameras, one aimed at the teacher
and one at the whole class. Moreover, all tablet activities of the experimental
class were recorded using the tablet screen.
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Learning content
According to the curriculum of an economic grammar school in Hesse, for the
first few school weeks of Grade twelve, the subjects of marketing and production were addressed in class. The lessons were designed by the teachers and
included at least the requirements listed in the introduction. The central element was a case study about the virtual enterprise ‘Fun Factory’, which had
fallen into financial difficulties. The learners were requested to analyse Fun
Factory's situation from different perspectives in order to interpret and justify
their decisions. For this purpose, the students of both classes received information about the enterprise and instructions at the beginning of the first lesson.
The experimental group was then asked to explicate and refine the actual problem, while the control group started to work directly on the first task after a
short introduction by the teacher to the product lifecycle. However, because
the learners from the experimental class had difficulties identifying the learning task, the teacher clarified it to them after a while by sending a link to a
video explaining the product lifecycle. After that, most of the following lessons
were similarly organised in both classes. At the beginning of the lesson, there
was a short informational input; specifically, different aspects of market research, such as the Boston Consulting matrix, were presented. After that, students started to work; the learners were always free to work individually or to
cooperate with one another by asking other students for advice. During the
work phases, the teachers provided occasional support. Differences between
the classes mainly owed to the use of digital devices (tablets) by each student:
only students in the experimental class had constant access to digital learning
aids (e.g. pre-structured data files, tutorials, internet sources, etc.). Students in
the experimental group were free to make use of these aids whenever they
needed support. The control group—which did not have such permanent access at its disposal and used traditional materials such as paper, pencil,
printouts, and (pocket) calculators—was required to develop this content itself
or to ask the teacher or other students for help.
In two hours, namely the third and the sixth lesson, the lesson structure
just described was interrupted only in the experimental group by an invitation
to a ‘learning quiz’ in the Kahoot application at the beginning of the lessons.
After the quiz, the learners continued to work on their problems individually.
In the first Kahoot quiz, learners received feedback regarding their learning
difficulties. In the second quiz, the teacher asked for feedback on the learning
unit course. In order to maintain the similarity of the content over the entire
duration of the all lessons, the teachers informed one another after each lesson
of the content covered and how to proceed.
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Sample
The sample comprised 48 students in the 12th grade (25 male, 19 female) from
two classes at an economics grammar school. The high proportion of migrants
deserves special mention. Only about 40 percent of the students speak only
German at home, with the majority coming from a multilingual home. A total
of 54 percent had attended a secondary school before the economics grammar
school. Apart from usual entries and exits after each school year, the students
in the two classes were already together in grade eleven. The teachers had also
taught the class in the 11th grade.

4.3.2 Instrument
Pre-measurement
Self-assessment scales were used to measure ICT skills. The dimensions measured were ICT competence, use of ICT at school and ICT interest (Goldhammer et al., 2016). Computer-related self-efficacy was measured according
to the instrument developed by Cassidy and Eachus (2002). The survey of interest in economics was used according to Sparfeldt et al. (2004). Table 1 presents the number of items used in a corresponding example item and the scale
consistencies. In addition, sex, age and primary language of the students as
well as the professional experience of the teachers were surveyed.
Table 1: Self-assessment scales, items and item consistencies
Scale

ICT competence
Use of ICT at school
ICT interest
Computer-related selfefficacy
Interest in economics

Number of
items
10

Cronbach’s
alpha

Item example

.81

When I come across problems with digital devices,
I think I can solve them.

9
13
30

.84
.72
.92

Browsing the Internet for schoolwork.
I forget about time when I'm using digital devices.
I find it very easy to work with compute

8

.93

I enjoy working on tasks in the field of economics

Continuous state sampling
Motivational experience and cognitive load were collected using continuous
state sampling. The survey was conducted four times per lesson. Each lesson
took 90 minutes. The learning unit was six lessons in total, resulting in 24
measurement points (MP). The survey in the study group was conducted as an
online questionnaire using a tablet, whereas in the control group it was administered as a paper and pencil questionnaire.
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Motivational experience was determined using three dimensions derived from
Schallberger’s Circumplex Model (2005) and collected—as in previous
studies—in the form of continuous state sampling (cf. e.g. Conrad &
Schumann, 2017). The three dimensions were positive activation (two items),
negative activation (two items) and valence (one item). The survey was conducted using a ten-point Likert scale from (1 = not at all to 10 = completely).
To assess the cognitive load variables, Leppink et al.'s (2013) instrument,
which is oriented to Eysink et al. (2009), was adapted and translated into German. The adaptation concerned the formulation of concrete learning content.
Given that repeated measurements were carried out and the learning contents
varied from MP to MP, the general formulation „current learning activity“ instead of concrete content such as „calculation of the break-even point“ was
used. The scales of Eysink et al. (2009) and Leppink et al. (2013) also contain
an item on germane load. Although this one-item scale was also surveyed in
this study, it was not included in the analyses due to a lack of discrimination
against the intrinsic load scale (on the interrelations of IL and EL, see also
Kirschner et al., 2018). In sum, two items measuring each intrinsic load and
extrinsic load (nine point-Likert scale from 1 = very little/very easy to 9 = very
much/very difficult) were used.
For the dimensions surveyed, the internal consistencies were calculated
for the 24 MP. Table 2 presents the scales and the calculated Cronbach's alpha
coefficients.
Table 2: Continuous state sampling of measures of motivational experience and cognitive load, items and item consistencies
Dimension/scale
Positive activation
Negative activation
Valence
Intrinsic load
Extrinsic load

Number of items
2
2
1
2
2

Item example
I feel active right now.
I feel stressed right now.
I feel content right now.
The current learning activity is actually ...
The use of the current materials is
for me ...

Cronbach’s alpha
.86-.98
.71-.89
--.69-.95
.69-.89

The survey was conducted anonymously. For later identification and assignment of the tablets or questionnaires, each student received a randomly generated personal code, which he or she entered in the individual surveys over the
entire period of the study.
Rating of the learning functions
Video recordings of experimental and control group and tablet screen recordings of the experimental group were used for quantitative data collection. The
tablet screen recordings served as the basis for coding learning functions when
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digital media were used. Coding was time-based (one value per 30-second interval). Each interval saw a coding of the five functions stated in section 2.2.
Support function and representation function were mutually exclusive. The
other functions could also occur simultaneously. The time intervals in which
experience sampling took place were excluded from the coding.
The inter-rater reliability was calculated for each learning function. Tablet
streams of two students were coded by two raters across all six lessons. The
immersion function was unavailable, as the introduction of the model company, which represented the foundation of all lessons, was paper-based. In addition, the learners did not use the presentation function (all intervals rated
zero), hence coefficients were only reported for the communication function,
support function and research function. Cohen's kappa was calculated to determine the inter-rater reliability (see Table 3).
Cohen's kappa shows good to excellent results for the coding of the three
learning functions.
Table 3: Learning functions of digital media, descriptions of categories and inter-rater
reliability coefficients
Learning functions
of digital media
Immersion

Information research
Communication

Support
Representation

Description

Anchor example(s)

Creation of authentic learning environment that enables experiential learning
Navigation in digital informational spaces
Enabling and controlling
participation in learning
processes
Concerning knowledge coconstruction; tutoring
Knowledge storage and recording results

Augmented or Virtual Reality
applications; running of business
simulations
Using Internet searching engines,
wikis, etc.
Chats; invitations to learning
quizzes
Formative Feedback; providing
structured Excel files
Digital concept map; creating animations or flow charts for mapping economic cause-effect relationships

Cohen’s kappa
---

K = .676, p = .000
(N = 826)
K = .816, p = .000
(N = 840)
K = .729, p = .000
(N = 850)
---

4.4 Results
4.4.1 Differences between the classes in motivational experience and
cognitive load
For the identification of mean differences between the two classes in terms of
the target variables cognitive load (EL and IL) and motivational experience
(positive activation, negative activation and valence), the global mean (i.e. the
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mean value across all MP) and MP based mean values were used to calculate
t-tests. In addition, the mean differences between classes were reported for the
control variables (ICT interest, ICT competence, home language, interest in
economics), as they may have affected the target variables (see Table 4).
Table 4: Mean differences of target variables and control variables for the experimental
and control group
Variables
Target variable
Motivational experience
Positive activation
Negative activation
Valence
Cognitive Load
Intrinsic Load
Extrinsic Load
Control variables
Interest in economics
ICT interest
ICT competence
Home language

Experimental group
M
SD

Control group
M
SD

t-Test

6.87
2.44
7.23

1.83
1.29
1.57

4,05
1.83
4.26

1.74
1.08
2.04

t(46) = -5.45, p < .001
t(46) = -1.75, p = .086
t(46) = -5.69, p < .001

3.39
2.78

1.25
1.07

3.14
2.78

1.59
1.39

t(46) = -0.61, p = .548
t(46) = -0.01, p = .996

4.49
2.87
3.37
1.71

1.02
0.33
0.48
0.75

3.65
2.87
3.09
1.85

1.03
0.33
0.43
0.88

t(44) = -2.74, p = .009
t(44) = -1.06, p = .295
t(44) = -2.08, p = .043
t(44) = 0.58, p = .566

The means initially referred to the fact that the intensity of negative activation
was lower in both classes compared to positive activation and valence. Looking at the differences in means between the classes, significant differences
were found for positive activation (t(46) = -5.449, p < .001) and valence
(t(46) = -5.694, p < .001). However, for negative activation the descriptive differences of the global means were not significant (t(46) = -1.753, p < .086).
The analyses of the cognitive load revealed that there were no significant
differences between the two classes in terms of the global means. This was true
of both the IL (t(46) = -0.605, p = .548) and the EL (t(46) = -0.006, p = .996).
This result was particularly expected for IL, as both classes were exposed to
the same learning content. For the EL, the non-significant differences over the
global mean indicated that tablet use does not per se seem to lead to a higher
EL. At the same time, the need for a more differentiated time-related analysis
became clear.
Looking at the individual characteristics, significant differences between
the two classes in ICT competence (t(44) = -2.08 p = .043) and interest in economics (t(44) = -2.74, p = .009) could be identified. For all other variables
there were no significant differences, hence similar student characteristics
could be concluded in both classes.
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Time-related mean value differences between the classes
In the case of negative activation, significant differences in means between the
classes could only be observed at two MP (MP 11: t(41) = -2.58, p = .014; MP
12: t(42) = -2.13, p = .04). All other non-significant results reflected the previous result of the global mean.
The analyses of the cognitive load variables showed that the IL was only
at the first two MP (MP 1: t(32) = -2.168, p = .038; MP 2: t(39) = -3.278,
p = .002) significantly higher in the experimental group. As expected, there
were no further significant differences at any other time of measurement. For
the EL, the first two lessons should be highlighted. While in the first lesson
(MP 2: t(39) = -2.677, p = .011) the EL in the experimental group was significantly higher than in the control group, in the second lesson (MP 7:
t(35) = 2.300, p = .029) the opposite was the case.
Regarding the variables valence and positive activation, for two MP no
significant group differences could be identified (positive activation: MP 4 and
12, valence: MP 4 and 11), all other MP indicate significant differences between the experimental and the control group (positive activation: p < .031;
valence: p < .026)
Regression analyses to identify control variables predicting the target
variables
In order to exclude the possibility that the group differences found in the global
means (positive activation and valence) and in the time course of the target
variables (negative activation: MP 11 and 12; El: MP 2 and 7; IL: MP 1 and 2)
are exclusively caused by the control variables ICT competence and interest in
economics, regression analyses were calculated in a next step. Further, the
class variable (dummy) was included as an additional independent variable in
the regression models.
Most importantly, the results of the regression analyses showed that in almost all models, variance could be explained by the class variable
(.452 < ȕ > .597, .468 < SE > .612, p < .012). However, this was not the case
for EL (-.197 < ȕ > .119, 0.433 < SE > .600, p > .27) and did not apply to the
MP 12 (ȕ = .293, SE = .726, p = .089) for negative activation. The control variables (ICT competence and interest in economics), which differed significantly between the experimental and the control group, were only significant
predictors in two models (positive activation: ȕ = .403, SE = .468, p = .001;
valence: ȕ = .405, SE = .510, p = .001). Nevertheless, the beta coefficient of
the class variable was higher in both models and thus a higher weight could be
assigned to them.
These results offered a preliminary indication of the influence of digital
media usage on motivational experience and cognitive load. However, in order
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to explicate more specific hypotheses for the interrelations between different
learning functions of the digital media and the selected target variables types
of temporal patterns will be analysed.
Temporal pattern
According to the different empirical findings reported in sections two, the use
of digital media can have both positive and negative effects. (I) The positive
influence of digital media usage could be analysed in our data as 1) increase in
motivational experience and cognitive load in the experimental group and 2)
higher degree of motivational experience and cognitive load in the experimental group compared to the control group. (II) Respectively, negative influence could be analysed as 1) decrease in motivational experience and cognitive
load in the experimental group and 2) lower degree of motivational experience
and cognitive load in the experimental group compared to the control group.
In this respect, two salient patterns could be derived. Type one: patterns of
positive and negative significant changes between two subsequent MP in the
experimental group. However, changes that affected MP between two lessons
were excluded due to the lack of interpretation. MP 17 was missing in the tablet
class, as organisational questions had to be clarified at the beginning of this
lesson and the lesson therefore began late. Type two: patterns that incorporated
class differences. Thus, diverging and converging patterns could be distinguished. Divergent patterns meant that similar values in the target variables to
one MP were followed by a significant change of at least one class to the next
MP. Converging patterns meant that a significant difference in the target variables at one MP was followed by a significant change of at least one class to
the next MP, so that the difference between both classes could be reduced.
Depending on whether the patterns refer to the motivational experience
variables of positive activation and valence or the variable of negative activation, EL and IL were interpreted differently, as either a positive or a negative
pattern. For example, a significant decrease in negative activation was regarded as a positive event, whereas a decrease in positive activation represented a negative event (related to the assumed influence on students’ learning
outcomes). Figure 1 shows the identified patterns of the present data.
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Figure 1: pattern (white line = control group, filled grey line = experimental group,
black lines = significant differences between MP, black bars = sign. differences between groups, grey smooth curve = standard deviation of the mean of each MP)

Patterns related to category one (ten patterns in total):
x

x

Significant changes that could be interpreted as negative temporal
patterns occurred eight times: for the variable positive activation in
three cases between MP 9 and 10, 10 and 11 and 22 and 23; for the
variable valence twice between MP 9 and 10 and 10 and 11; for the
variable negative activation twice between MP 10 and 11 and between 13 and 14; and for EL between MP 19 and 20.
Significant changes that could be interpreted as positive temporal patterns occurred twice: for intrinsic load between MP 2 and 3 and for
EL between MP 23 and 24.
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Patterns related to category two (seven patterns in total):
x

x

Converging patterns occurred six times: for the variable positive activation between MP 9 and 10, between MP 11 and 12 and between MP
22 and 23. The same was true of the variable valence. These five patterns could be interpreted as negative temporal patterns. The sixth pattern concerned intrinsic load (MP 2 and 3) and could be interpreted as
a positive pattern.
Diverging patterns occurred once: with the variable negative activation between MP 10 and 11. This pattern was interpreted as a negative
temporal pattern.

4.4.2 Learning functions of digital media
In the following Figure 2, the use of the various digital learning functions
throughout the teaching unit is shown.
Figure 2: Lines indicate the proportion of students who used the corresponding function
in the time interval. The bars indicate the proportion of time spent using the functions
within the 15-minute period between two MP.

Note: the connecting lines between the individual MP are only drawn for representational
reasons and cannot be interpreted as an increase or decrease between subsequent MP.

The results in detail:
x
x
x
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Learning support was permanently offered during the lessons (except
in MP 5).
Tablet PC’s were used for information research at the beginning of
the learning session (MP2-4).
They were used to represent learning contents very seldom and by

x
x

only some students, especially in the middle phase of the lesson.
Moreover, when digital media was used for representational purposes, it was done to temporarily save results or for format transformations (data to graphics).
Two conspicuous peaks in the use of the communication function—
MP 9 and MP 13—emerged.
Immersion was text-based and therefore not represented here.

4.5 Discussion of results and conclusion of hypothesis
4.5.1 Differences between classes
Our study confirms the findings of other investigations indicating that positive
motivational experiences increase with the use of digital media. Thus, the values of the variables positive activation and valence were significantly higher
in the experimental group than in the control group. This applied to both, the
global mean and most of the time-related differences in the mean. However,
for the variable negative activation, there were no significant global differences between the two classes.
With regard to the cognitive load variables, there were hardly any significant differences between the classes. For the IL, this result corresponds to expectations and can be interpreted as a confirmation that the learners actually
dealt with the same learning content in both classes across the lessons. Furthermore, in EL no global differences were found between the two classes. Nevertheless, the low level of EL in the experimental group suggests that tablet use
did not require any additional cognitive resources from the learners.

4.5.2 Temporal patterns in connection with learning functions of
digital media: derivation of hypotheses
In order to explicate hypotheses regarding the conditions for success when digital media are used in teaching, temporal patterns are related to the learning
functions of digital media.
(A) Communication and the class as a social entity
According to the communication function, negative temporal patterns occurred
at two different MP. The patterns revealed that negative activation increases
following communication via tablets. There are two possible explanations for
79

this. On the one hand, this finding may be due to the fact that after the whole
class was invited to a „learning event“ (in this case a Kahoot quiz), the joint
learning situation dissolved again and the learners continued to work on their
problems individually. Here one might conclude that learning is to be understood not only as a cognitive process but also as a social process and that involvement and learners' integration into the social entity „class“ would constitute an important factor for positive motivational experiences. Another explanation might be that it was less about the communication function itself and
more about the characteristics of the learning event to which the learners were
invited. The first quiz round (at MP 9) was conducted for diagnostic purposes
and learners received feedback on where their current learning difficulties lay.
This feedback mainly referred to still existing knowledge deficits and could
therefore be interpreted as negative for the learners. In contrast, the second
quiz round was implemented by the teacher in order to ask the learners for
feedback regarding the teacher and the course of the learning unit. Thus, as a
result of the first Kahoot round, in addition to the patterns showing an increase
in negative activation in the experimental group, four more negative convergent patterns (concerning positive activation and valence) and one negative
divergent pattern (negative activation) could be observed. This might suggest
an additional effect for the first quiz round. Regarding positive activation, it
must be noted that the degree of positive activation was at MP 9 the highest in
the experimental class and decreased after the quiz to the former level. Negative activation, which was identical in both classes before MP 9, subsequently
increased in the experimental group. Interestingly, a similar agglomeration of
negative patterns did not occur as a result of the second quiz. As mentioned
above, the first passage seemed to require a further explanation in addition to
the effect of the dissolution of the class as a social entity. Both explanations
should be pursued with regard to the question of the conditions for successful
digital media use.
Conclusions:
x

x
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The class as a social entity is a decisive factor in the development and
maintenance of motivational experiences in the classroom. The dissolution of social structures and the increasing personalisation of
learning processes may lead to negative motivational experiences
among learners. This is especially true for transitions between collective and individual learning phases. However, this does not have to
do with a lack of learning support, but can be understood as a social
effect.
If feedback that serves as formative feedback turns out to be negative,
it has immediate consequences for learners' motivational experiences.

Hypotheses:
x

x

H1a) Transitions from collective learning to an individual digital
learning setting may lead to negative effects in students' experiences
if students do not have the opportunity to communicate with each
other.
H1b) Negative feedback in the context of formative assessment leads
to a decrease in positive activation and an increase in negative activation when the assessment step is immediately followed by an individual learning phase.

(B) Problem induction, web-based information searching and cognitive load
Convergence in IL corresponds with the research activity that the students
begin and intensifies in MP 3 and 4. What is salient here is not that IL converges to this MP (again) between both classes, but rather that at MP 2 such a
large difference in IL between the two classes occurs at all (note that both classes had the same teaching content). One explanation could be that the learners
in the experimental class at MP 2 were unaware of what the learning task actually involved, this information only being clarified to them during the research activity.
Conclusions:
x

x

To avoid an increase in intrinsic load (because for instance the learning content is already complex), problem induction must take place
before the research phase starts. If the learners know in advance for
what exact purpose they are carrying out the research, then no additional intrinsic load will arise.
If, on the other hand, the intention is that the explication and sharpening of the problem is to be carried out by the learners, then this can be
done via web-based research, although this then implies at least a
short-term increase in IL.

Hypotheses:
x

x

H2a) If a combination of three factors takes place, namely that the
problem is unclear, that the research serves to explicate the problem
and that the research is web-based without any pre-selected sources,
then this leads to an increase in IL.
H2b) As soon as the problem is clear to students and web-based work-

81

ing on the solution of the problem commences, the intrinsic load decreases.
(C) Learning support and motivational experience
As Figure 2 shows, students in the experimental class made ongoing use of the
support offered via digital media. Even though there was no specific pattern
available and it could not be disentangled in our data whether the higher expression in positive activation and valence (in comparison to the control group)
owed to the support provided, the global course exhibited at least one coincidence in both variables. It is of particular interest to emphasise that the use of
the support offer also requires learners' own initiative (e.g. to recognise for
themselves if learning difficulties are emerging and to look for corresponding
explanatory videos). This makes it possible to derive two explanatory approaches for the potential connection between positive activation, valence and
the anticipated permanent use of support by learners. On the one hand, the
permanent support offer ensures access to support during the problem-solving
process without waiting times (but an increase in time on-task), while on the
other hand, the use of the support offer (especially autonomy support) is selfdetermined. These are two aspects that were usually not given in the control
group.
Conclusion:
x

To increase positive motivational experience, learning support should
be permanently available to learners. However, this does not mean
that the more learning support provided by the teacher the higher the
positive motivational experience. Rather, the degree of self-determination in the use of learning support and the availability of support
according to individual needs in order to reduce waiting times seems
crucial.

Hypothesis:
x
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H3) Permanent support has a positive effect on learners' motivational
experience if delays (waiting time) in task processing are reduced
(and hence time on-task is increased) and the use of support can be
self-determined.

Limitations
The analyses of significant group differences in relation to the control variables
examined showed systematic differences between the classes for the variables
economic interest and ICT competence. Although the regression analyses revealed that the mean value differences between the two classes could not be
explained exclusively by these varied characteristics of the learners, they must
be taken into account when interpreting differences between experimental and
control groups concerning the use of digital media. Moreover, teaching content—but not instructional formats—was controlled. The video analyses revealed comparable format in both classes: learners mostly worked alone, cooperation was allowed, as required by the learners themselves. In addition, due
to the small sample of only two classes, no effects of teacher variables can be
examined statistically.

4.5.3 Conclusion
The results of our study show significant differences in learner’s motivational
experience and cognitive load between the „digital” and the „non-digital”
class. The identification of more abstract temporal patterns allows the explication of more specific hypotheses concerning the conditions for the successful
use of digital media. These are hypotheses on how
x communication and social involvement in digital classrooms can affect motivational experiences,
x problem-based learning steps affect students' cognitive load when
they are integrated in web-based information searching activities,
x self-determination for the usage of (permanently offered) learning
support affects—or does not affect—the positive motivational experience of learners.
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5 Gamification. A Novel Didactical Approach for 21st
Century Learning
Silke Fischer & Antje Barabasch

5.1 Introduction
The main task of vocational education and training (VET) is to provide young
people with a vocational competence that enables them to act competently in
today's digitally transformed labour market. For this reason, e-learning elements, e.g. digital media and web-based communication and cooperation media, have been implemented into the curricula of all apprenticeships over the
last decades. In most cases, the e-learning elements themselves are not the object of learning (education for technology), but act only as a tool to convey
learning content (education through technology; cf. Cattaneo, 2018). One such
tool is gamification, which has been used in the field of mainly higher education so far to convey learning content and objectives on the basis of playful
experiences and, moreover, to promote the fun of learning as a whole.
Gamification can be a vessel to convey 21st century skills such as communication, cooperation, creativity and critical thinking at all places of learning
(Qian & Clark, 2016). Studies have shown that, for example, the problem-solving skills (Eseryel, Law, Ifenthaler, Ge, & Miller 2014) as well as the critical
thinking skills (Yang & Chang, 2013) of learners can be significantly improved
by the use of gamification. At the core, most games are social games that demand communication and cooperation between players. Teachers can convert
individual learning activities into gamified teamwork quests, tasks, in order to
evoke communication and cooperation between players. Since gamification
often involves digital technology and connectivity, learners can also enlarge
their 21st century information, media and technology literacy skills. In VET,
21st century skills are classified as interdisciplinary competences, which must
be taught transversally, i.e. at all places of learning (Scharnhorst & Kaiser,
2018).
However, it must be noted that 21st century skills are also viewed critically.
It is often argued that 21st century skills are not new, but can be traced back to
the writings of Socrates, Plato and Aristotle (Paul, Elder, & Bartell, 1997). Beyond that, Rose (2009), for example, criticises that the educational philosophy
of 21st century skills is purely economic, with the primary goal of training
particularly efficient workers. Education, however, has the task of promoting
different human abilities equally. According to Rose (2009) important aspects
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of a good education like “aesthetics, intellectual play, imagination” etc. are
missing. Another point of criticism is that 21st century skills are partly contextual or content-dependent. For example, creative and critical thinking in mathematics does not automatically lead to the same in English (Lamb, Maire, &
Doecke, 2017).
Gamification corresponds to the currently highly relevant principles of action- and competence-oriented learning, too. The individual competence levels
of the learners can be taken into account by designing quests with different
degrees of difficulty as well as various options within the storyline that enable
individual learning paces (Bartel, Figas, & Hagel, 2015; cf. Ifenthaler, Gibson,
& Zheng, 2018). Using points, badges, leader boards and individual forms of
feedback, it can provide feedback about the competence development of the
single learner. As such, gamification represents a new teaching approach that
counteracts the recurring critique of existing teaching practice, e.g. short-term
and less networked knowledge processes (Stern, 2006). The question therefore
arises as to whether and how gamification could find its way into VET and
how it could meet the didactic demands of current teaching approaches.
This paper addresses the didactic application of gamification in VET, taking into account the didactic peculiarities of VET. For this purpose, the relevance of the topic in relation to VET is first pointed out (chapter one). Then,
in the second chapter, the concepts of gamification and game-based learning
are distinguished from each other and examples of how gamification meets the
didactic demands of current didactic principles are outlined briefly. In the following, chapter three covers the didactic implementation of gamification in
VET, especially considering 21st century skills and action- and competenceoriented learning. The didactic guideline Gamification in Four Steps is presented in chapter four, which is specifically adjusted to the context of VET.
Here didactic principles of VET are combined with conditions for successful
gamified applications and, in particular, with the promotion of intrinsic motivation. Finally, in chapter five challenges of gamification are explored and a
conclusion is drawn.

5.2 Gamification in VET
As literature analyses in prominent scientific journals, such as Journal of Vocational Education and Training (JVET), International Journal for Research
in Vocational Education and Training (IJRVET) and Vocations and Learning
have shown, little attention has been paid to the topic of gamification with reference to VET so far. Many studies in other educational contexts, e.g. in higher
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education and partly also in lower secondary education, have shown that gamification can improve student performance and, thus, promote learning (deMarcos, Garcia-Cabot, & Garcia-Lopez, 2017) as well as increase motivation
and engagement (Stansbury & Earnest, 2016) among other things. Nevertheless, the use of gamification in VET is still very unusual and even considered
to be an “avant-garde innovation” (Drager, 2015).
In principle, multitudes of definitions exist for gamification. In most scientific publications, however, the definition of Deterding, Khaled, Nacke and
Dixon (2011a) has been established, which defines gamification as “the use of
game design elements in non-game contexts”. Since this definition, is not selfexplanatory, we will briefly distinguish the terms “game”, “game design elements” and “non-game contexts”.
“Firstly, ‘gamification’ relates to game, not play (or playfulness), […]”
(Deterding, Khaled, Nacke, & Dixon, 2011b, 11). Gamification is often traced
back to the two opposite poles of gaming activity—ludus (game) and paida
(play)—established by Caillois (1960). Whereas ludus is characterized by
structured, rule-based and objective-oriented gaming activities, paida comprises free-form, improvisational and unstructured gaming behaviours. Gamification focuses primarily on gaming activities in the sense of the ludus component (Deterding et al. 2011b).
“Game design elements” determine the character of a game. As countless
game design elements exist, Deterding et al. (2011b) suggest the following
definition knowing that this heuristic definition leaves much room for interpretation (12):
“Elements that are characteristic to games—elements that are found in most (but not
necessarily all) games, readily associated with games, and found to play a significant role
in gameplay.”

Characteristic game design elements are badges, progress bars, points, leader
boards etc. (cf. Kapp, 2012).
“Non-game contexts” refers to the fact that gamification uses game design
elements or games outside their original purpose of entertainment, assigning
that entertainment is the primary reason for gaming. Deterding et al. (2011a)
recommend not to limit the concept of gamification to special objectives as
such limitations are not advantageous.
Other concepts like game-based learning or serious games use complete
games instead of game design elements only to convey knowledge content (Jacob & Teuteberg, 2017). To this day, there is no clear distinction between these
concepts (Fromme, Biermann, & Unger, 2010). The common basis of these
game offers is that not only the game fun is in the foreground, but also is played
with serious intentions. In this way, knowledge content can also be conveyed
or learners can be sensitized to certain topics. The distinction between gamification and game-based learning is often ambiguous. Whether an application is
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gamification or game-based learning depends on the assessment and use of the
evaluator (Deterding et al. 2011a).
If one bases the fundamental mission of VET on the fact that action- and
competence-oriented education should take place, which on the one hand is
oriented towards basic technical content and on the other hand towards 21st
century skills, it is obvious to use tools that can support these developments in
a variety of ways. Following Bonaiuti, Calvani, Menichetti, and Vivanet
(2017), Cattaneo (2018) classified technologies according to the way they support learning. Gamification belongs to the third classification of technologies
“that support us in performing demanding cognitive activities, such as acquiring new
knowledge and integrating it into existing knowledge structures“ (19).

This group is characterized by technologies that contribute to cognitive expansion of the learner, e.g. collecting and processing information. As such gamification can support learning processes in a meaningful way. Therefore, a suitable didactic design needs to be implemented as the mere use of gamification
alone does not lead to better learning. This is realized by the following three
didactic principles that are common for VET.
First of all, action- and competence-oriented teaching is guided by the
principle of self-activity of the learners. Generally, the teacher's need to encourage the learners to actively approach the subject matter of the lesson.
Through the use of gamification, individual tasks or even learning paths can
be created which demand a high form of self-activity of learners that may lead
to intrinsic motivation. Plus, a lack of intrinsic motivation can be overcome by
promoting the fun of learning through the fun of playing. In videogames, fun
results from mastery, e.g. to master the next level, and from the feeling of control (Simões, Redondo, Vilas, & Aguiar, 2015). With an “optimal level of difficulty” of the learning tasks to be solved (cf. Kramer, 2002, 33), intrinsically
motivated learners can experience flow even with less motivating topics and
activities. Flow as a state of happiness is described as a condition between anxiety and boredom (Csikszentmihalyi, 1990). Facilitating intrinsic motivation,
a good gamified application should promote the experience of competence and
autonomy as well as the experience of social integration in the game (cf. Deci
& Ryan, 1993). In sum, one can say that gamification can contribute to a more
positive connotation of learning due to the experience of fun, intrinsic motivation or even flow which contributes to the development of deeper knowledge
structures, too.
The dichotomy of reality and virtual reality in gamified learning environments takes into account the teaching principles of authenticity and security.
According to Jantke (2014) real actions are important for learning, as what is
not done cannot be practiced and learned. Hence, it is important that contents
to be learned are integrated into the game. The virtual acts as an attractive
means of transport for the real learning content. Gamification, thus, helps
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learners to practice real-life situations and challenges in a safe environment in
which they can fail without fear of consequences. It encourages experimentation and permits trial and error. As such, it can function as a safety net for
players enabling them to practice to get it right and re-start, if necessary, at a
certain point before their performance is evaluated in exams und real-life situations. Hence, gamification can provide “learners with the opportunity to succeed through multiple attempts, resulting in experimental learning […]”
(Wood, Teräs, Reiners, & Gregory, 2013, 519). This is also in contrast to traditional exams, where learners have only one chance to succeed in class (cf.
Wood et al., 2013). Further, gamification may be useful to support students to
integrate what is learned in the company and at school in dual VET by connecting practice and theory. The opportunities of students to use their
knowledge from school at work and to transfer their work experiences to
school are often limited. Gamification can help to narrow this “skills gap”
(Dillenbourg, 2017, 1). Researchers of the Leading House Dual-T (Technologies for VET)1 try to better connect the two learning locations by applying a
principle referred to as Erfahrraum (Dillenbourg & Jermann, 2010, 541f.)
which could be translated as giving room to experience. For example, in logistics or in carpentry the students use augmented-reality tools at school to simulate flows of goods or forces affecting a roof-structure. The possibility to repeat, intentionally vary and discuss these virtual experiences helps them to induce and better understand theoretical concepts, e.g. related to warehouse management or to statics, which are part of their school curriculum but which they
often cannot directly experience at their workplace.

5.3 Didactic Implementation of Gamification in VET
In principle, gamification can be used in all subject areas for all kinds of teaching contents at all places of learning. Each learning content of any subject or
place of learning can be gamified—partially or completely. Gamification can
be used digital, non-digital or in mixed forms, e.g. with a non-digital storyline.
As playing is part of our nature and, thus, motivates us, gamification is particularly suitable for teaching contents and units that are characterised by a low
degree of intrinsic motivation on the part of the learner (Fischer & Reichmuth,
2020). Such teaching contents are often characterised by complex and rather
abstract learning contents, with which the learners are not faced with in their
daily living environment. Aprea, Schultheis, & Stolle, (2018), for example, use
gamification to make the topic of financial literacy more effective and attractive.
1

https://www.epfl.ch/labs/chili/dualt/
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The implementation of gamification in educational contexts should always involve the creation of a “systematic motivation design” which also includes
cooperative game design elements (Seufert, Preisig, Krapf, & Meier, 2017). In
VET, such a systematic motivation design should be based on the requirements
of the curriculum and the overall objective, the development of vocational
competence. Purpose-free gamification in which mere playing is in the foreground are not feasible in VET due to relatively short teaching time and high
substance density (Fischer & Reichmuth, 2020). The mere use of single game
design elements is therefore not effective. Some tools like Socrative, Kahoot!,
FlipQuiz or Duolingo only allow the short-term use of game design elements,
but not the implementation of an effective motivation design. Therefore, such
tools should be used only in conjunction with an online platform that allows
interaction between the players. An online platform can be used, for example,
to discuss strategy between players or to provide mutual feedback.

5.3.1 Didactic Implementation of 21st Century Skills in Gamification
Communication and Cooperation
Gamification should always include cooperative game design elements to promote social competences and to increase intrinsic motivation of leaners by experiencing social inclusion. (Fischer & Reichmuth, 2020). Thus, it is not surprising that the most successful games are social games, such as Bridge, Domino or Poker (cf. Zichermann & Cunningham, 2011), which contain elements
of communication and cooperation. Teachers should include teamwork quests,
team leader boards and challenges that can only be solved in a team or together
with other teams into gamified applications to promote communication and
cooperation between players. According to Kramer (2002), the respectful and
appreciative interaction between players and within the social group is of particular importance. The teacher could check this, for example, by reading chat
histories or by analysing communication in the classroom. In order to promote
language, different text forms such as blogs, social networks and magazines
should be integrated into quests. By integrating such media, a connection to
the real world and events can be established (Seufert et al., 2017), which increases the credibility of the game. An advantage of classroom gamification is
that players might not realize they are cooperating as they are so engaged in
the quests or challenges.
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Creativity
There is a lack of empirical studies “that would consider gamification as one
of the facilitators in raising creativity” (Kalinauskas, 2014, 63). However, several studies show that gamification can increase creative thinking (Dennis, Minas, & Bhagwatwar, 2013). Sternberg and Williams (1996), for example, compiled a list of 25 ways to promote creativity in the classroom. The development
of self-efficacy is mentioned here as a prerequisite for creativity. Learners
should first be helped to believe in their own capacity for creativity. As basic
techniques to be used in class questioning assumptions, defining and redefining problems as well as encouraging idea generation are mentioned. Accordingly, the teacher should implement such activities into the gamified learning
environment and allow a variety of different approaches and procedures in the
processing of tasks (free spaces). Kingsley and Grabner-Hagen (2015), for example, describe a quest called Act it Out where players had to create a video to
demonstrate a change in matter. Learners had to write a script, act it out and
record their video with an informative description of the process. In order to
succeed, players had to think creatively and use certain techniques that have
been proved successful in fostering creativity, like mind-mapping or brainstorming. Beyond that, quests should be cross-disciplinary, as creative ideas
and insights of learners often result from learning to integrate material across
subject areas. Another essential aspect that encourages creative thinking is to
broaden one's own perspective by seeing the world from the perspective of
others (Sternberg & Williams, 1996). Therefore, the various tasks should be
reflected and justified in the viewpoints of other people. The teaching of creativity also means to teach learners to take responsibility for success and failure
(self-responsibility). This means that learners “(1) understand their creative
process, (2) criticise themselves and (3) take pride in their best creative work”
(Sternberg & Williams, 1998).
Critical Thinking
In VET, real, authentic task situations, which contain complex problems, are
particularly important for building competences. In the context of gamification, it offers itself to gamify case studies that are characterized by a high degree of application and problem orientation (Fischer & Reichmuth, 2020). Besides, most games involve critical thinking and problem solving at the core.
McGonigal (2007), for instance, invented a game named World Without Oil,
where players had to cope with a situation where the world runs out of oil. The
players had to think about how their lives would change living without oil.
Similar alternative reality games, where the players act as themselves in a
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changing environment, are conceivable in accordance with the curriculum, especially in the field of ecology. In World Without Oil and other gamified learning experiences players should be encouraged to conceptualize, apply, analyse,
synthesize, and evaluate information of an issue in order to form a judgement .
Players need to think systematic, reflective and reasonable for critical thinking
and problem solving (cf. Ennis, 1985). Jahn (2013) recommends also to enable
real experiences beyond the classroom as an opportunity for critical thinking.
Gamification enables learning on a large scale by solving real problems that
exist outside an educational institution (Ifenthaler, Eseryel, & Ge, 2012). The
game should be designed in such a way that doubts, amazement and borderline
experiences are made possible, so that the learners are challenged to embark
on unknown paths of thought (Jahn, 2013). Even in offline phases, learners
should be given sufficient time for contemplation and discussion, as critical
thinking only unfolds after longer reflection and discussion of a subject (cf.
Jahn, 2013).

5.3.2 Didactic Implementation of Action- and Competence-Oriented
Learning in Gamification
Learning Objectives
For experiencing competence, an “optimum degree of difficulty” (Kramer,
2002, 33), which does not over- or underchallenge the learners, is important.
Therefore, the cognitive learning objectives of the gamified teaching unit
should be challenging but achievable. To ensure that the chosen cognitive
learning objectives are perceived as challenging, higher taxonomy levels in the
range of levels three to six according to Bloom (1956) should be taken into
account (Fischer & Reichmuth, 2020). By choosing higher levels of taxonomy,
the learners are able to show their competence not only their knowledge. In
order to promote social competences, affective learning objectives, i.e. learning objectives in the area of feelings, values and attitudes (Meyer & Stocker,
2011), should also be integrated into teaching. They can be promoted through
the use of cooperative game design elements, e.g. quests and team leader
boards, by practicing reflection and exchange and, thus, give players the feeling of fighting for the same goal (Seufert et al., 2017). Besides, cooperative
game design elements can support social competencies, e.g. the ability to communicate, the ability to work in a team, empathy etc. (Bartel et al., 2015). Finally, some learning objectives could be integrated which must be achieved
through the use of cooperative game design elements.
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Narrative of Game
As said before, in VET, for competence building authentic task situations,
which contain complex problems are important. Hence, case studies could
serve as the basis of a narrative. In terms of content, competence-oriented
learning environments can promote the autonomy experience of the learners.
Therefore, individual learning paths that consider heterogeneous competence
levels and interests among learners should be integrated within the narrative
(Fischer & Reichmuth, 2020). According to Bartel et al. (2015) the narrative
“can help to illustrate a kind of holistic learning map with transparent learning objectives” where the learners can see the individual learning paths respectively choices the players have (460). In order to prevent a pure point hunt of
the learners (Seufert et al., 2017), the narrative should be well connected with
the learning progress made by learners illustrated by points, levels etc. Therefore, the narrative should be closely linked to the competence levels of a competence model, e.g. Meyer (2012). It should further be motivating for the players, as their motivation determines their commitment during gameplay (Eseryel et al., 2014). A third condition is that the narrative needs to relate to the
world in which the players live and to the curriculum. Narratives are particularly motivating for the learners when surprising twists occur within the storyline or at different levels that influence the course of the game and, furthermore, trigger emotions. Emotions are important for the learning processes as
they can lead to intrinsic motivation (Hascher, 2011). An example of such a
surprising twist could be that the leaners can rewrite the end of the game. Vos,
van der Meijden and Denessen (2011) showed that learners who designed their
own game have a significantly higher interest and a significantly higher perception of competence.
Levels of Difficulty
A reasonable but demanding level of difficulty of tasks is central to the experience of competence and at the same time positively linked to learning performance (Ifenthaler et al., 2018). To do justice to the heterogeneous competence
levels of learners, game mechanism and elements with different levels of difficulty must be integrated into the learning game environment. Such game design mechanism and elements can be quests, levels, challenges, constraints and
competitions. The learner, for instance, has to finish a quest in a certain time
(Bartel et al., 2015). In competence-oriented gamification,
“metrics like required time, achieved goals or quality of the results need to be defined in the
design, (…). The definition does not only include what units are measured in a certain activity. In addition, it is important how and when the values are collected and reflected and
how these rules (in a learner/player view) are made transparent” (Bartel et al., 2015, 460).
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Generally, performance levels that take into account all taxonomy levels of
Bloom (1956) should be integrated into a gamified lesson. As a result, the following levels of difficulty result for competence-oriented tasks.
Table 1: Competence-oriented tasks

Operator

Taxonomy level

Marking

(according to Bloom, 1956)

Reproduction
Transfer of
knowledge
Reflection and
problem solving

Level of grade
(Equivalent to
American grades)

1-2

Beginner

C-D

3-4

Advanced

B

5-6

Expert

A

Source: Own depiction based on Fischer and Reichmuth (2020, 42)

Feedback
In competence-oriented learning settings, feedback should be immediate and
criteria-oriented about the individual competence progress. Individual feedback can have a positive influence on the experience of competence if it supports the autonomy of the learner (Kramer, 2002), e.g. by using the principle
of minimum assistance. Consequently, the teacher should take an individual
reference norm orientation in gamified lessons, which focuses on the increase
in learning and, thus, the development of a learner's competence in comparable
tasks. Performance graphs, for example, are subject to individual reference
norm orientation. Furthermore, reflection phases could be integrated into the
learning process, in which the learners, for example, keep a learning journal
and reflect the achievement of self-imposed learning goals. In these phases the
teacher could also give individual feedback on learning tasks, e.g. via the
online platform. Above that, in gamified learning environments there should
be a clear separation of play phases with formative feedback, where making
mistakes is explicitly allowed, and play phases with summative feedback
where the teacher assesses the acquired competences (Fischer & Reichmuth,
2020).
Each gamified lesson should contain game design elements of competition, e.g. (team) leader boards, points, badges and levels etc., because they can
lead to competence experience, an increase in self-efficacy and intrinsic motivation (cf. Sailer, 2016). Such game design elements can also serve as feedback
tools in which learners can assess their current learning state. Most of these
tools are based on a social reference norm orientation which measures one's
own performance in comparison to others. In addition to the positive motivational factor that these game design elements have, they can also demotivate
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lower performing learners (Sailer, Hense, Mayr, & Mandl, 2017). This problem can be partially solved by displaying only certain elements to learners at a
given level in order to reduce the performance heterogeneity of learning groups
(Fischer & Reichmuth, 2020).

5.4 Gamification in Four Steps—A Didactical Approach for
VET Teachers
Since gamification comes from marketing, most guides to implementing gamification relate to the business context (cf. Heilbrunn & Sammet, 2015). In the
field of education, gamification has so far mainly been used in higher education, which is why the few existing guidelines or recommendations mostly refer to it (cf. O’Donovan, Gain, & Marais, 2013). In case of other educational
guidelines for implementing gamification, such as the HEXA-GBL (Romero,
2015), the target group is not defined. However, since the framework conditions between higher education and upper-secondary education, e.g. vocational
education, differ considerably, the following short guide was developed explicitly for the implementation of gamification in vocational schools. Therefore, on the one hand, the particularities of VET with regard to good teaching,
competence-oriented learning and 21st century skills were taken into account,
as well as on the other hand, with regard to an efficient gamified design, e.g.
have special meaning for players, motivate players, give players freedom of
choice (cf. Deterding, 2011c). Furthermore, it is assumed that the teachers already know their learners well, which is why a learner-centred need analysis
as in HEXA-GBL (Romero, 2015) is omitted. It is also assumed that the learning game environment is continuously evaluated and developed after its implementation. Consequently, the integration of such steps into the following
didactical approach Gamification in Four Steps was waived. The didactical
approach Gamification in Four Steps consists of the following four phases
which are shown in figure 1, and Table 1 introduces the contents of each step
of the four phases of “Gamification in Four Steps”.
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Figure 1: Gamification in Four Steps

Source: Own depiction based on Fischer and Reichmuth (2020)

Table 2: Gamification in Four Steps
Step
1. What is to be
achieved?
—Defining
Learning
Objectives

x

Contents
Defining all objectives
o
o
o

x
x
x
x
x
x

What are the reasons for implementing gamification in class?
Which behaviour and/or which learning objectives are to be
achieved by the gamified application?
Which competences (professional expertise, methodological,
social and personal competences) should be promoted
through the use of gamification?

Importance of fun in the application (learning vs. fun)
Verifiability of learning objectives (description of final
behaviour)
Importance of learning objectives for learners
Consideration of higher taxonomy levels, e.g. levels three
to six according to Bloom (1956), to demonstrate competences
Integration of affective learning objectives that are particularly important when it comes to teaching social competences
Selection of compulsory and optional learning objectives
o Which learning objectives have to be achieved alone or
through the use of cooperative game design elements in a
team?
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Table 2: Gamification in Four Steps (cont.)
Step
2. Who’s playing?
—Assigning
Target Group
to Player Types

x

Contents
Assigning of target group to player types, i.e. achiever, explorer, socializer, killer, according to Bartle (1996) based
on their preferences to maximize the game enjoyment and
learning actions
o

o

3. What’s the
game for?
—Determining
a Story

x

x
x
x
4. What’s the
game?
—Selecting
Game Design
Elements

x

1. Option: Filling out the Bartle-Test which is freely accessible on the Internet to determine the so-called Bartle-Quotient.2
2. Option: Acquisition of study results from Zichermann and
Cunningham (2011). Accordingly 75% of all people are
mostly socializers, 10 % are achievers, another 10% are explorers and 5% are killers.

Determining the meaning of the game by selecting a suitable narrative
o Is the narrative motivating for the learners?
o Can the learners identify themselves with the narrative?
o Is the topic of the narrative for the learners important,
i.e. related to the curriculum and life of the learners?
o Does the narrative give the players the feeling that
they are doing the right thing, i.e. not violating ethical
standards?
Integration of individual learning paths that consider heterogeneous competence levels and interests among learners
Connection of narrative and learning progress
Integration of illustrations that motivate the learners, i.e. to
which learners have a personal connection
Selection of game design elements according to player
types (cf. step two)
o Socializers: Leader boards, points, virtual goods, cooperation, transaction etc.
o Achievers: Badges, leader boards, levels, feedback,
challenges, rewards etc.
o Explorers: Badges, points, virtual goods, secrets, rewards etc.
o Killers: Leader boards, points, levels, feedback, competition, win states etc.

Source: Own depiction based on Fischer and Reichmuth (2020)

2

The Bartle-Quotient determines the assignment to the four player types according to Bartle
(1996). Hence, you are always a mix of all four player types.
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5.5 Conclusion
The didactic model presented in this paper should help to establish gamification in VET. The use of gamification can increase learning performance, motivation and engagement of learners in the short term. In VET, gamification as
both – an academic study topic and didactic implementation area – is relatively
young. Hence, empirical research is needed first of all that confirms the positive effects of gamification in the short term and, desirably, in the long term,
too (Seelhammer & Niegemann, 2009). Further, it should be noted that the use
of gamification can also result in some disadvantages:
Firstly, online platforms, social networks or websites that are integrated
into a gamified application often collect a variety of sensitive data from their
users, e.g. log data, visited places etc. In this way, usage and behaviour profiles
of players can be created. Each gamified application must provide ways to
protect this data from access by unauthorized third parties. In this regard,
gamified applications should have privacy policies that inform the player about
data collection and usage exactly (Giannakes, Kambourakis, Papasalouros, &
Gritzalis, 2018).
Secondly, video games can be addictive. These are mainly the MMORPG
(massive multiplayer online role-playing game) online games like World of
Warkraft. According to Jantke (2018) games that strike a balance between selfdetermination and indeterminacy often have addictive potential, which is not a
problem of the game, but of the living environment of people. In principle, this
usually only affects a small proportion of adolescents who are mentally or family-inflicted and who thus try to avoid difficult situations (Quinche, 2013).3
Thirdly, creating a suitable systematic motivation design for a gamified
application is a very complex and time-consuming task. Plus, the learners' motivation, engagement and problem-solving performance are strongly influenced by design of the game tasks (Eseryel et al., 2014). Often there are also
limitations with regard to use of technology and interdisciplinary know-how
on part of the teaching staff (Le, Weber, & Ebner, 2013).
Overall, a theoretical-didactic discourse on gamified learning environments, in which implementation attempts are critically reflected, would be extremely important for a profound professionalization. To sum up, one can say
that gamification can offer a cognitively stimulating and socially integrated
learning experience, which can be used at least partially to promote 21st century skills and competence development by enabling learner-centred, didactic
settings that promote individualized learning (cf. Ifenthaler et al., 2018).

3
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The proportion of the German population with problematic gambling behaviour is 0.42%
(241,000 persons; cf. https://www.automatisch-verloren.de/de/gluecksspiel/zahlen-undfakten-zu-gluecksspiel.html (2019-16-19)).
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Section II:
Teacher Education and
Professional Competence of Teachers
in the Age of Digitization

6 Development of a Video-based Test Instrument for
the Assessment of Professional Competence in the
Vocational Teacher Training Course
Andrea Faath-Becker & Felix Walker

6.1 Initial Situation
The university education for the teaching profession at vocational schools in
Germany is intended not only to enable students to work scientifically but also,
among other things, to create the conditions for a successful transition to professional practice (Saas, Kuhn, & Zlatkin-Troitschanskaia, 2020). The aim is
to develop the professional competence of future teachers. A frequent focus of
empirical work is on professional knowledge as part of professional action or
professional competence. However, the reduction of professional competence
to the knowledge facet (based on Shulman (1986) pedagogical knowledge
(PK), technical knowledge (CK) and didactic knowledge (PCK)) seems to fall
short, as university graduates do not feel adequately prepared for the complex
requirements of teaching (Böhner, 2009). To solve practical problems in real
teaching situations, prospective teachers feel unable to translate the content
knowledge (CK) and pedagogical content knowledge (PCK) they acquired during their studies into effective action (Gruber, Mandl, & Renkl, 1999).
A characteristic feature of the expertise of teachers is their ability to act
flexibly and appropriately in everyday teaching situations. Current research
largely agrees that the competence of teachers that are the basis of their teaching activities are so complex that their differentiated description requires correspondingly highly developed approaches (Blömeke, Gustafsson, &
Shavelson, 2015; Saas et al., 2020). Even if knowledge components alone do
not seem sufficient to shape effective teaching, a solid basis of knowledge facets (propositional, case and strategic knowledge, Shulman, 1986) is nevertheless indispensable for the development of teachers` ability to work in the classroom. The complexity of these competences requires that their development
should start at an early stage.
Therefore, national standards for teacher training at vocational schools demand an early orientation of the studies towards professional requirements
with the aim of continuous competence development. In order to promote
problem-solving thinking and action, students should be systematically confronted with problems of their future professional practice (Saas et al., 2020).
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In this context, Hatch, Shuttleworth, Taylor Jaffee and Marri (2016) point to a
long-standing problem in the preparation for many professions: the gap between abstract bodies of professional knowledge and the „craft knowledge“ of
practitioners.
According to Darling-Hammond (2010), the key to effective teaching and
thus to the quality of public education and presumably also vocational education is the competence of teachers. Although there are different international
findings on the existence of corresponding training standards, many training
systems share the lack of a suitable instrument for measuring the effectiveness
of teachers and, in consequence, their professional competence.
There is evidence that teachers can have large effects on student achievement (Darling-Hammond, 2010). However, it appears problematic there, for
example, that the associated factors („teachers` initial preparation for teaching,
licensing in the field taught, strength of academic background, level of experience”) are not systematically controlled by corresponding standards in training
and during employment. Instead, the assessment of teachers is often based on
subjective observations of school administrators in the classroom or refer to
knowledge tests documented in advance by academic qualifications (see
above). The ability to teach, this includes the assessment of experienced teachers, is thus not sufficiently considered (Darling-Hammond, 2010).
At the end of teacher training, two comprehensive exams are taken before
the degree is awarded: the first at the end of the first phase of university training
with typical written and oral knowledge tests and the second at the end of the
second phase of pre-service teacher training in schools an in teacher training
institutions, in which prospective teachers have to demonstrate their (subject)
didactic and pedagogical (PC) skills in authentic teaching application and its
theoretical foundation (Blömeke et al., 2015, 10).
An analysis of the nationwide curricula of, e.g., the German Business Education degree programme makes it clear that a systematic examination of the
competences required for everyday teaching is often neglected in didactic
courses (Kuhn, Zlatkin-Troitschanskaia, Brückner, & Saas, 2018), despite all
locations providing for practical school studies, which usually include a preparatory and follow-up event to accompany a school internship. This is an indication of the explicit promotion of reflective competences that are necessary
for planning and reflecting lessons. However, the promotion of action-oriented
competences is usually implicitly carried out within the framework of individual teaching attempts at schools and not explicitly considered in the context of
higher education (Saas et al., 2020).
The situation in the study programmes for the industrial-technical, vocational disciplines of teacher training is very similar: To date, university tutorials on teaching methodology (PC) for the vocational teaching profession have
been focused almost exclusively on the planning of lessons (e.g., in the form
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of written elaborations on a fictitious teaching sequence). Until now, the students’ competence to carry out lessons or to reflect has been largely disregarded.
This contribution presents a video-based tool to capture action-related elements as part of the professional competence of prospective teachers in university teacher training. Essential aspects here are, on the one hand, the presentation of models of professional competence and, on the other, the understanding of competence-enhancing or quality teaching. Both aspects are combined
to form an action-oriented model that takes into account both knowledge and
(action-oriented) competence components. The extent to which the model generated in this way is suitable for identifying video vignettes (video sequences),
which contain action-related components of competence-enhancing teaching,
how objectively these features can be identified in the video sequences and
how these can be integrated into an online-based environment are additional
goals of this article.

6.2 State of Research and Theoretical Framework
The fields of action described and the resulting requirements give rise to three
starting points for examination: the professional competence of teachers, the
quality of teaching and, on the technical part, video-based instruments to assess
both aspects. The complexity of teaching is due, among other things, to the fact
that personal, individual dispositions (PID model by Blömeke et al. (2015) and
model by Zlatkin-Troitschanskaia, Kuhn, Brückner and Leighton (2019) of
both teachers and learners influence its course and, in particular, its effectiveness. A possible approach also consists in the professional perception (Seidel,
Blomberg, & Stürmer, 2010) of teaching. The focus of this work is first to
create an objective basis for the assessment of professional competence and
then deduce from its effects on the quality of teaching at a later stage. Therefore, the quality characteristics of teaching must be taken into account when
designing an instrument for assessing professional competence. Due to the
sometimes highly spontaneous character of teaching, an instrument is needed
that comes close to the reality of teaching and enables observers to look at the
situation as if they were actually present in class. Video-based instruments are
also suitable for this purpose, as they offer both visual and acoustic dimensions, can be recorded and viewed from different perspectives, and can be repeated as often as required.
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6.2.1 Professional Competence
The comments on the professional competence of student teachers and their
outlined problems of transferring the knowledge acquired during their studies
to real teaching situations in preparatory service (section 6.1) clarify that the
gathering of action-related competences is relevant. Accordingly, a model of
professional competence must include both knowledge and action-related
competence facets.
Model by Lindmeier (2011)
Lindmeier (2011) proposes a model that meets these requirements. In addition
to knowledge components, competence components are represented in this
model (Figure 1) (ibid.).
The professional knowledge of teachers with the components specialist
knowledge, subject-related didactic knowledge and pedagogical knowledge,
based on Shulman (1986), stands alongside action-oriented professional skills.
Competences are thereby understood in the sense of Klieme and Hartig (2007)
as requirement-specific achievement dispositions and thus understood more
broadly than the knowledge components (Lindmeier, 2013). Lindmeier`s
examinations of these teacher cognitions are also reflected in the analytical part
of the PID model from Blömeke et al. (2015).
Figure 1: Competence structure model according to Lindmeier (2011)
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The knowledge components (Figure 1, left) comprise the basic pedagogical
content knowledge (PCK) and the content knowledge (CK), which form the
basis of professional action. The competence components (Figure 1, right) are
again divided into a component of reflective competence (RC) and a component of action-related competence (AC). In this model, action-related competence components are thus formulated as a component of professional competence (Lindmeier et al., 2013).
Reflective competence (Figure 1, right, above) is „a term used here to describe domain-specific professional skills that are required in the preparation
and follow-up of lessons (reflective competences, RC). The requirements include, for example, tasks to be performed in the planning of lessons”. „Reflective competence therefore includes skills that teachers need on the basis of their
basic knowledge in order to master the professional demands outside the actual
teaching process. In this context, the reflective handling of the respective
knowledge is characteristic” (c.f. Schön, 2002, reflection-on-action; Lindmeier
et al., 2013, 105).
Further professional requirements arise from the superordinate „core business” of teaching. Ideas or mistakes made by learners can create challenging
situations which can lead to learning opportunities or require a special reaction
from the teacher, e.g. to prevent the development of misconceptions. Teaching
situations are generally characterised by the fact that they require a spontaneous but also technically adequate reaction of the teacher. Time pressure does
not allow the teacher to activate reflective processes outside the action (cf.
Schön 2002, reflection-in-action). The action-related competence (AC) (Figure 1, right, below) „is determined above all by this spontaneous and immediate requirement character” (Lindmeier et al., 2013, 106).
Model by Zlatkin-Troitschanskaia et al. (2019)
Zlatkin-Troitschanskaia et al. (2019) draw on the Lindmeier model (2011) and
distinguish between action-related and reflective competences. This holistic
approach comprises two levels: a latent one with two areas (Figure 2, left: dispositions; centre: situation specific skills) and a manifest one (Figure 2, right:
performance).
According to Zlatkin-Troitschanskaia et al. (2019), dispositions of teachers (Figure 2, left, dispositions) include knowledge components (cf. Figure 1,
left) as well as generic characteristics and motivational factors as a basis for
all teaching. According to this model, the quality of this teaching action is
manifested in the reflective or action-based performance (Figure 2, right, performance) of the teachers. This requires situation-specific skills (Figure 2, centre, situation-specific skills): on the one hand, the (direct) reaction of prospective and experienced teachers to real instruction (i.e., AS) (Figure 2, actionrelated skills) and, on the other, the ability to prepare and follow-up instruction
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(i.e., RS) (Figure 2, reflective skills) in the specific discipline (ibid.). This
model thus focuses on those situation-specific skills in which university graduates themselves do not feel adequately prepared (Böhner, 2009).
Figure 2: Competence structure model according to Zlatkin-Troitschanskaia et al.
(2019)

6.2.2 Quality of Teaching
Teaching action always raises the question of the quality of these actions regardless of a distinction between reflective (RC) and action-related (AC) competences. The consideration of the understanding of competence-enhancing or
quality teaching can create a possible approach here.
Quality Teaching
Following Berliner (2005), quality teaching represents the synergy of good and
effective teaching. According to ibid. (2005) good teaching is characterised by
the fact that it follows normative principles and current standards of the field.
A second evaluation criterion for teaching is its effectiveness (ibid., 2005).
Teaching is considered effective when it achieves the desired goals. The goals
of teaching can be manifold, such as individual learning success or collective,
short or long-term goals (Kunter & Ewald, 2016). In addition, a distinction can
be made between the acquisition of subject-related knowledge and the development of interdisciplinary competences as learning objectives, as well as between objectives at the cognitive (knowledge, skills) or the emotional-motivational level (e.g., development of interests, promotion of self-esteem) (ibid.).
The extent to which teachers actually achieve these goals in their teaching can
be described, for example, by the three fundamental dimensions of teaching
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quality (Klieme & Rakoczy, 2003; Praetorius, Klieme, Herbert, & Pinger,
2018), which are described in the next section.
Berliner (2005) considers with this distinction the empirical findings on
the low effectiveness of teaching subjectively perceived as „good“ as well as
on the higher effectiveness of strongly directive forms of teaching and combines them to an idea of „quality teaching“. In this context, Kunter and Ewald
(2016) emphasise the central role of scaffolding (type of support and structure)
in open teaching settings.
Visible and Depth Structures
According to Kunter and Ewald (2016), it does not make sense to view and
evaluate lessons superficially, but always to include interactions that are not
easy to evaluate at first glance as well as the role of learners and teachers. A
meaningful conceptual distinction in this context dating back to Oser and Patry
(1990) is that between the visual and depth structures of teaching (Kunter &
Trautwein, 2013; Oser & Baeriswyl, 2001; Seidel, 2003; Kunter & Ewald,
2016).
The visual structures of teaching are the easily accessible features of
teaching that refer to superordinate structures and settings (Kunter & Ewald,
2016, 13). The depth structures represent the levels of interaction between
teachers and learners and their quality. The quality of the interaction between
the learners and the way in which the learners deal with the subject matter is
therefore at stake (ibid., 14), irrespective of the overarching organisation of the
learning situation.
Characteristics of Quality Teaching
In empirical studies on the quality of teaching, the depth structures of teaching
in particular have proven to be significant (Hattie, 2009; Seidel & Shavelson,
2007; Kunter & Ewald, 2016, 13). Important depth structures (Helmke, 2007;
Lipowsky, 2015; Mayer, 2004; Seidel & Shavelson, 2007) mentioned are characteristics such as structuring, clarity of objectives, support, pupil orientation
or individual support (Kunter & Ewald, 2016, 14). Compared to the depth
structures of teaching, the visual structures have proven to be less relevant for
the effect of teaching (ibid.).
Indicators of teaching quality include the three dimensions of class management, (constructive) learner support and cognitive activation (Praetorius et
al., 2018). These are regarded as conditions and indicators for learning-enhancing pupil-specific processes in the classroom. Theoretically, the dimensions
are conceived as generic and thus applicable across subjects, class levels and
possibly even countries and cultures (Kunter & Ewald, 2016).
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Lipowsky (2015) also categorises the subject by citing as quality characteristics the structured nature of teaching, clarity and coherence of content, feedback, cooperative learning, practice, cognitive activation, supportive learning
climate and inner differentiation. In addition, the characteristics individualisation and scaffolding as forms of adaptive teaching (ibid.) differ in their complexity and degree of inference (ibid., 96).

6.2.3 Video-based Tools for Measuring Professional Competence
Basically, there are various conceivable ways of capturing action-related competences as part of the professionalisation of prospective teachers during their
studies, like through practical phases (effectiveness discussed controversially;
e.g. König, Rothland, & Schaper, 2018) or forms of teaching simulation, such
as microteaching or role plays (effectiveness proven; e.g., Hattie, 2009, 112,
d=0.88).
Video vignettes (didactically integrated video segments/sequences) are a
diagnostic approach that can be easily integrated into studies due to
technological progress or digitalisation. They are suitable for acquiring
professional competence through an authentic depiction of the teaching reality
especially in the area of university teacher training (Riegel, 2013, 14–15). The
fact that the use of video vignettes can promote the skills of (prospective)
teachers is well documented (at a glance, e.g., Hatch, Shuttleworth, Taylor
Jaffee, & Marri, 2016). Video vignettes are suitable as a form of examination,
as they can, for example, be attributed to the character of an invitation to
actively continue the teaching activity instead of the teacher shown in the video
(Seifried & Wuttke, 2017). Beyond that, focussing on the execution of the
instruction is also possible. The decisive factor is that this can be put
additionally on the planning and reflection of lessons. This means that video
vignettes, as the only solution option to date, can cover all three areas of the
requirement of the national standards: planning, implementation and
reflection. Hence, in the following this approach will be presented in more
detail.
Due to the lack of connection between theoretical education at university
and later practical work at school, as described, for example, by Hatch et al.
(2016), the multimedia representation of teaching (e.g. videos or animations)
is already referred to. This is seen as a way of observing and analysing lessons
involved in the training process, with the aim of helping prospective teachers
transfer theoretical knowledge to authentic application in the teaching practice
(ibid.).
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Occurrence and Existence of Video Vignettes
In recent years, increasing numbers of video vignettes have been produced for
the continuation or reflection of teaching in general education (Seidel & Thiel,
2017). An exception in the vocational field is the domain of business education, in which more and more video vignettes have been developed recently
(Seifried & Wuttke, 2017; Saas et al., 2020). No video vignettes are currently
available for the industrial-technical part of vocational (teacher) education
(Riegel, 2013; Walker & Faath-Becker, 2019).
According to Zlatkin-Troitschanskaia et al. (2019), in order to assess the
ability of teachers to act in complex teaching situations realistic and situation
demanding action formats like classroom and learning observations or videos
are required. Competence modelling must be based on a detailed analysis of
real vocational teaching requirements (Oser, Salzmann, & Heinzer, 2009; Zlatkin-Troitschanskaia et al., 2019).
At national level, Seifried and Wuttke (2017), for example, report on the
assessment of the quality of actions in authentic teaching situations using video
vignettes in business education. There, video vignettes are used as a test instrument. Further work on the use of videos in general education at national level
is available, for example, from Seidel, Blomberg and Stürmer (2010). Riegel
and Macha (2013) provide an overview of video-based competence research
in the subject didactics.
Internationally, worth mentioning is the approach of Darling-Hammond
(2010), who, for example, has students of the teaching profession or trainees
analyse the videography of their teaching attempt in order to reflect on their
lesson planning as part of the „Performance Assessment for California Teachers (PACT)“. The focus in this context is on effective teaching and includes
the development of students` competences (ibid., 44).
Definition of Video Vignettes
Teacher training and further training should also include instruction videos and
video vignettes that enable students to deal with realistic situations (Blomberg,
Renkl, Sherin, Borko, & Seidel, 2013; Keuffer, 2010; Pauli & Reusser, 2006).
It is often difficult for students to put into practice the knowledge acquired
during their studies (Cochran-Smith & Zeichner, 2005). Videos and video vignettes play a supporting role in this transfer (Santagata, Gallimore, & Stigler,
2005; Seifried & Wuttke, 2017).
Videos are usually used to show learners` sequences from their own or
other people`s lessons, to reflect or evaluate the teaching action. „(Video) vignettes, on the other hand, usually depict real, condensed instructional videography or fictional, realistic scenarios and invite the observer to act on behalf of
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the protagonists of the vignette action based on knowledge and experience”
(Seifried & Wuttke, 2017, 306).
Videography and Technical Aspects
The use of videography is determined by the amount of recording technology
required, the possibilities of knowledge (reduced authenticity and wholeness)
limited by the camera detail and the camera perspective, and the invasiveness
of the camera (influence on the actors) (Riegel & Macha, 2013, 13–14). These
limits seem to at least influence or complicate the creation of videos.
Standards such as those summarised by Seidel, Dalehefte and Meyer
(2003) in their technical report on the IPN video study are helpful for the
implementation of videography. Compliance with these standards is intended
to ensure the scientific use of video recordings through an appropriate
methodology for recording and to provide as comprehensive a view as possible
of the complex classroom teaching environment (ibid.).
Extensive preparations have to be made for videography lessons in such a
way that different perspectives (teacher, learner, and observer) are covered and
the technical quality (image, light, sound) is also implemented in an acceptable
way. These requirements in particular concern the technical equipment (cameras, microphones) and the staffing of the undertaking. In addition, access to
teaching must first be opened up, including formal written approval processes
and the willingness of school management and teachers to open their lessons.
Last but not least, data protection regulations are decisive for the later use of
the videos, such as in online environments.
Video material for the production of video vignettes can be obtained as a
possibility by filming scripts (specific situation descriptions). An alternative is
teaching videography, which is described as more time-consuming and random
(Oser, Salzmann, & Heinzer, 2009; Seifried & Wuttke, 2017). Ultimately, in
this case the occurrence of certain situations is hardly predictable even desired
typical teaching situations cannot be planned in advance (ibid.). The video
should show typical and even faulty situations (ibid.). In the case of scripted
teaching scenes, however, there may be a risk or temptation to want to show
„ideal“ teaching (= good and effective teaching?). In this respect, this can also
be seen as an argument for choosing real lessons.
Video recordings are based on two cameras and two microphones (one
fixed and one moving camera as well as a teacher`s and a pupil`s microphone)
(cf. Seidel et al., 2003; Riegel & Macha, 2013, 16–17).
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6.2.4 An Action-oriented Model of Professional Competence
If one takes up the critical feedback mentioned at the beginning, particularly
with regard to the action-related competences required in the preparatory service but subjectively perceived as inadequate student preparation (Böhner,
2009), this must be manifested in a model of professional competence as the
basis for the development of video vignettes. Here, both the idea and understanding of professional competence (Zlatkin-Troitschanskaia et al., 2019;
Blömeke et al., 2015; Lindmeier, 2011) of future teachers and the central aspect of teaching quality (Berliner, 2005; Oser & Patry, 1990; Kunter & Ewald,
2016; Lipowsky, 2015) must be taken into account.
On the basis of the above considerations, the approach of Lindmeier
(2011) on subject-specific competences (competence structure model, Figure 1) required for the preparation and follow-up of teaching (Lindmeier et al.,
2013, 105) is an essential part of this theoretical framework.
Accordingly, in line with the first objective (section 6.1 or 6.2.1), the question was which idea or understanding is the basis of the professional competence of future teachers. On the basis of presented the models, a model of teachers` professional competence was to be selected whose components reflect
both the above-mentioned arguments regarding the training situation and the
practical situation, as well as the requirements of the national standards. The
action-oriented model shown in Figure 3 is based on the work of ZlatkinTroitschanskaia et al. (2019), Blömeke et al. (2015) and Lindmeier (2011).
Figure 3: Action-oriented model of professional competence of Walker/Faath-Becker
(2019) based on Zlatkin-Troitschanskaia et al. (2019), Blömeke/Gustafsson/Shavelson
(2015), and Lindmeier (2011)

The elements of the PCK and CK (Figure 3, top centre) are summarised according to Lindmeier (2011) under basic knowledge (section 6.2.1, Figure 1,
left), while below they can be distinguished between two fields of competence.
In the model by Zlatkin-Troitschanskaia et al. (2019) (section 6.2.1), these
competence components can be found under situation-specific skills.
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The ability to act under time pressure and make teaching decisions can be related to the delivery of instruction under the concept of action-based competence (Figure 3, right). For our model, action-based competence is defined as
follows: Action-based competence refers to the ability of a teacher to react
spontaneously and adequately based on professional knowledge (Lindmeier,
2013) and taking into account the dimensions of teaching (Holzberger &
Kunter, 2016, 43-45; Lipowsky, 2015, 77-94) in teaching situations under time
pressure. Spontaneous means that an activation of reflective processes is not
possible (cf. Schön, 2002, reflection-in-action) (section 6.2.1).
With the other two phases, planning and reflection (Figure 3, left), the
competence facet of reflective competence is linked. This is understood to
mean coping with pre-instructional (planning) and post-instructional (reflection) teaching requirements (Lindmeier, 2011).
Reflective competence is the ability to cope with pre- and postinstructional situations (Lindmeier, 2011) on the basis of subject-specific basic
knowledge (Lindmeier et al., 2013, 106) and taking into account the
dimensions of teaching quality (Holzberger & Kunter, 2016, 43-45; Lipowsky,
2015, 77-94). These are complex skills that are needed to draw conclusions
from the reflection of lessons held and to plan lessons (Lindmeier, 2011, 106107).
Pre-instructional reflective competence refers to the ability to reflect the
didactic design of instruction based on subject-specific basic knowledge and
the characteristics of teaching quality. Post-instructional reflective competence
is defined as the ability to reflect on learners’ learning processes and products,
the quality of interaction between teachers and learners and their (re-)actions,
and the methodological and organisational design of teaching based on the
characteristics of teaching quality through class observation (section 6.2.1).
The second goal of the work what is meant by competence-enhancing or
quality instruction (section 6.1 or 6.2.2) is covered by the presentation of
Berliner (2005). Following this idea, instruction is of high quality if it is good
(by adhering to normative principles) and effective (by achieving the required
competence goals). The distinction between visual and depth structure in class
observation is important here (Oser & Baeriswyl, 2001). Above all, the
characteristics of the depth structure proved to be characteristics of effective
teaching and are operationalised by corresponding quality characteristics
(section 6.2.2).
In addition to class leadership, cognitive activation and constructive support (Kunter & Ewald 2016; Praetorius et al., 2018), Lipowsky (2015) emphasises, among other things, structured teaching, clarity and coherence of content, cognitive activation and informative feedback as quality characteristics
(ibid., 95; Fauth, Decristan, Rieser, Klieme, & Büttner, 2014; Kunter &
Baumert, 2006; Praetorius et al., 2014; Kunter & Ewald, 2016) (section 6.2.2).
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Based on the models mentioned above and the idea of quality teaching, the
action-oriented competence facets are now combined with the quality criteria
of teaching (Figure 4). The characteristics of the depth structure in particular
are seen as indicators of quality teaching, which can be related to the expression of the reflective and action-based competence facets as part of the professional competence of the (prospective) teachers.
Figure 4: Action-oriented model of professional competence (Figure 3), combined
with characteristics of teaching quality (Walker & Faath-Becker, 2019; translated
from German into English)

These exemplarily listed characteristics of the depth structure (Figure 4 below,
in the middle, c.f. section 6.2.2) are operationalised for a more detailed examination of the assessment of action-related professional competences in interaction with teaching quality in video vignettes. For this purpose, the respective
feature definitions are related to real teaching situations in which actions can
be observed and reflected upon or which can provide occasions for the active
continuation of a teaching action.
As an example of the characteristics of teaching quality, the feedback characteristic is considered in more detail here. First, a definition of feedback/constructive support is given on the basis of the above-mentioned literature: This
dimension focuses on supporting learners with comprehension problems and
creating a learning environment in which the interaction between teachers and
learners is characterised by respect and appreciation (Kunter & Ewald, 2016,
16).
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6.2.5 Development of a Video-based Instrument for the Assessment of
Professional Competence: Video Vignettes
The video vignettes should serve to capture the professional competence of
future teachers at vocational schools and can also be used for examination purposes in the future. The question to be answered here is what access to teaching
(teachers, school managements) is possible and how video material can be obtained. This means both—formal preparatory work such as approval steps or
the basic decision for real or scripted instruction, but also technological conditions such as multimedia equipment and questions of recording technology
(section 6.2.3). A further prerequisite is that the video vignettes meet scientific
quality criteria.
Data protection regulations must also be observed. In fact, data protection
can only be satisfactorily regulated by a responsible regulation of access to the
videos. Legal security can be achieved by obtaining the written consent of the
videographers (Riegel & Macha, 2013, 13–14), which was provided during the
preparation of the videography.
Moreover, not every teacher is willing to open their lessons to video observations (Keuffer, 2010).
Video Vignette Creation Process
In a first step, real lessons in the industrial-technical field of vocational training
are recorded by means of standardised videography (Asbrand & Martens,
2018; Seidel & Thiel, 2017). For this purpose, student and teacher perspectives
are each captured with a fixed camera as well as selectively interesting scenes
with a moving camera, and separate microphones are used for teacher and
learner. Three cameras, a teacher microphone and three table microphones for
the learners are available for the videography on which this work is based. The
recorded video material is then divided into sections. The evaluation objectivity of the criteria for capturing professional competence in this context is determined after the next step: The video recordings are then divided by trained
observers into sections in which specific characteristics of teaching quality and
the requirements of the RC and AC can be identified (Figure 5, centre) (Walker
& Faath-Becker, 2019). From these video sequences video vignettes can be
produced in the last step.
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Figure 5: Overview of the creation process of video vignettes (Walker & FaathBecker, 2019; translated from German into English)

Vignettes Identified
So far, 21 vignettes have been identified from the recorded lessons and assigned to the two competence areas RC (13) and AC (8). For the above-mentioned characteristic „feedback“ (see also section 6.2.4), the corresponding
definition was used as a basis and a targeted search was made in the video
material for passages in which the designated actions could be observed either
in terms of reflective or action-based competence. Thus, for example, the support of learners with comprehension problems is expressed in the fact that the
teacher shows a corresponding reaction (AC) to a pupil`s question by either
answering directly, reflecting the question back to the class, putting the answer
to the question back and referring to another process, or leaving the question
as is without clarifying it. So it is not yet a question of checking the quality of
feedback given or evaluating it as positive or negative. Rather, sequences in
the video material were selected for the mere occurrence of the feature and thus
only perception whether positive or negative played a role. This characteristic
is thus assessed purely from an observational and not a judgmental attitude. A
suitable sequence can thus be selected both by the occurrence of the feature
and the absence of an expected feature. The assessment and allocation of the
observed actions to the features is carried out by two independent observers,
in order to secure each of them against each other in a first step. The observations of both are examined with respect to the agreement in the assignment of
the vignettes to the same characteristic of teaching quality regarding the associated competence area (AC or RC). Initial analyses of the objectivity of the
evaluation show sufficient quality (ȀRC = .64; ȀAC = .47) with a simultaneous
large variance between the vignettes (Walker & Faath-Becker, 2019, 18).
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Implementation in the Online Environment
Finally, the vignettes are integrated into an online environment and enriched
with additional materials. The following example shows the video vignette implemented on the online platform for action-based competence and the feedback feature. The introduction to the online environment is a brief description
of the teaching situation (Figure 6, „Situation” above). In addition, it is possible
to view further planning documents for the lessons, such as essential information on the learning group, the classification in the curriculum and a reference to the subject content (Figure 6, left). Once the required information on
the lessons has been obtained, the processing of the assignment can begin. In
this example, a technically correct feedback on a pupil`s answer is to be provided (Figure 6, above). Before the video is started, the editors of this actionbased competence video vignette are informed that the editing must take place
with an audio recording/voice output within a predefined period of time. After
confirmation of the message, the video starts automatically and the editing time
runs (Figure 6, right). Now it is possible to document one`s own reaction orally,
thereby providing technically correct feedback on the student`s response
within the given time. The recording is automatically saved (Walker & FaathBecker, 2019, 18).
Figure 6: Start view of a video vignette in the online environment (Walker & FaathBecker, 2019; translated from German into English)
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6.3 Discussion and Limitations
A video-based instrument for measuring „action-oriented” facets of
professional competence was presented in the context of the article (section
6.2.5). This development took place on the theoretical basis of the models of
Zlatkin-Troitschanskaia et al. (2019) and Lindmeier (2011), whereby the
action-based competence facets focus in particular on the characteristics of
competence-enhancing and quality teaching action (section 6.2.4). The
generated video vignettes are based on real teaching (section 6.2.5). The video
vignettes developed in this way (21 pieces) and the characteristics of quality
teaching contained therein could be identified with satisfactory objectivity
(section 6.2.5). The integration of the video vignettes into an online
environment in which further information on the teaching situation (lesson
plans, worksheets, specialist information, etc.) can be viewed completes the
instrument.
To the authors’ knowledge, the instrument presented here represents the
first instrument in the industrial-technical field of teacher training in Germany
and Europe. The use of the instrument is not limited to diagnostic purposes:
the identified video vignettes can be used to build up action-oriented competences within the framework of the studies or the second phase of teacher training.
The focus on the characteristics of quality teaching obviously limits the
significance of the instrument developed here, as only a part of the characteristics of quality teaching is depicted. The same applies to the construct of professional competence. Although, in comparison to other models of professional
competence, „action-oriented“ competence facets were integrated into the
model, knowledge aspects (section 6.2.4; dispositions) remained only implicit
in the instrument, that is, as a basis for teaching action.
The video vignettes integrated into the instrument show real lessons,
which have both negative and positive consequences. It should be positively
emphasised that the teaching situations represented in the video vignettes depict authentic teaching in all its complexity. However, this is also connected
with the negative aspect. It is precisely this multidimensional nature of teaching that can lead to the fact that several characteristics of quality teaching of
varying intensity occur in the video sequences and thus the construct to be
captured is not exactly depicted (construct irrelevant variance (Downing &
Haladyna, 2006; Haladyna & Rodriguez, 2013)).
The video-based instrument presented in this context for the assessment of
„action-oriented“ facets of professional competence forms a central component of a more comprehensive development process. In a first step, the video
vignettes developed so far are checked for their acceptance, suitability and objectivity through their use by actors along the teacher training chain (student
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teachers, pre-service teachers and in-service teachers) and, if necessary, the
vignettes are adapted according to the target group. The aim is to determine
the evaluation objectivity of the focused quality features of teaching against
the background of different work experience and to determine the acceptance
in these target groups with regard to the use of the instrument in the online
environment as well as the content aspects.
According to the theoretical model of professional competence on which
this instrument is based, the instrument or online environment is systematically
supplemented by further cognitive aspects of professional competence. Following on from the model of Zlatkin-Troitschanskaia et al. (2019), steps are
also being taken to develop instruments for the elements of teacher cognition
(dispositions: professional knowledge, affective and motivational factors, generic attributes) that have not yet been considered and to integrate them into
the online environment.
Although the diagnosis of professional competence is of fundamental importance, it is unsatisfactory from a (subject-) didactic (CK/PCK) perspective
without supporting or intervention approaches. Accordingly, it is not sufficient
to provide only an instrument for assessing professional competence. Rather,
suitable didactic approaches are needed to develop competence on the part of
the students. To this end, the support approaches must be suitable for integration into the course of study.
The video vignettes developed in this article are used in a current research
project in the subject didactic courses of the studies. Following the example of
Arya, Christ and Chiu (2015) and Christ, Arya and Chiu (2017), the students
are invited a) to view, discuss and reflect on the video vignettes with „peers“
in addition to the lecturer-centred presentation of them, or b) to create the video
vignettes themselves. 1
With regard to the scientific output, these follow-up projects make a contribution to open national and international questions regarding the „video-supported“ development of professional competence among prospective teachers
at vocational schools. The results allow for the first-time statements about the
actual effect of digital media (in this case video vignettes) on the acquisition
of professional competence by future teachers at vocational schools. In addition, a „teaching concept“ for the promotion of professional competence is
promised for vocational teacher training studies.
With the help of these online-based video vignettes, both the assessment
and prospectively the development of professional competence can be authentically integrated into the teacher training course for vocational schools. The

1
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The sub-project ProKom LAB (promotion of professional competence with the help of video
vignettes for students studying to become teachers at vocational schools) is being promoted
as part of the German quality offensive for teacher training.

approach presented here thus offers potential for the second (preparatory service) and third phase (e.g., in the form of further training) of teacher training
beyond the industrial-technical field (Walker & Faath-Becker, 2019).
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7 Assessing Professional Knowledge of Teachers at
Vocational Schools—Using the Example of a
Professional Development for Automation and
Digitized Production
Pia Schäfer, Nico Link und Felix Walker

7.1 Introduction
The use of digital technologies in professional learning arrangements is currently experiencing a boost in the scientific and educational policy debate. This
is influenced and accelerated, among other things, by technological changes
(e.g. Digitization, Industry 4.0). Due to the increasing complexity of systems,
the fault diagnoses ability of employees is and will remain of great importance
(cf. Spath et al., 2013, 124; Gronau, 2015, 19). Walker et al. (2016) tested the
fault diagnosis ability among trainees of electronics technicians for automation
technology. The results indicate that the trainees have difficulties in diagnosing
and correcting faults in automated systems.
The implementation of content from Industry 4.0 and fault diagnosis in
vocational training poses a challenge. Not only pre- but also in-service teachers
have to be prepared in their content, pedagogical and pedagogical content
knowledge. For this reason, appropriate professional developments are necessary.1 This represents a long-term transformation (Tenberg & Pittich, 2017,
27).
The extent to which such training courses are offered has been investigated
in own analyses (Schäfer, Huber, & Walker, 2019). For the topics Industry 4.0
and fault diagnosis on automated systems, all professional developments offered by the state institutes2 were recorded throughout Germany. For both content areas, professional developments with a content focus were identified almost exclusively. Training courses with a focus on pedagogical content or
technological content knowledge are rarely offered (Schäfer et al., 2019).

1
2

In this publication, the following terms are used synonymously to describe teacher training
for in-service teachers: professional development, training course, training programme.
The educational state institutes are partners and central service providers of and for schools,
teachers, students and parents as well as all other parties involved in school. The state institutes offer professional developments, advice, and materials for teachers.
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Since there is evidence for the influence of pedagogical content knowledge of
teachers on student performance (Kunter, Klusmann, Baumert, & Richter,
2013; Köller et al., 2016), the results of the analysis are surprising. For this
reason, two training courses were developed and evaluated (EELBA &
EELBI).3 One teacher training has been developed to promote fault diagnosis.
Fault diagnosis is practiced on a computer simulation of an automation system.
In the second training, different aspects and technical implementation possibilities of Industry 4.0 will be covered. With the help of an Industry 4.0 training
plant, the use of smart devices (like tablets and smartphones) in production will
be shown.
The evaluation of these two teacher training courses is measured by questionnaires based on the TPACK-model by Mishra and Koehler (2006). The
questionnaire will be used to determine the correlations between the TPACKdimensions. In addition, the development in the TPACK-dimensions between
pre- and posttest will be examined.
The Sections 7.2 and 7.3 deal with the theoretical framework of the article.
First, aspects (offer-and-use model) and the current state of research on the
effectiveness of teacher training are listed. This is followed by the presentation
of the TPACK-model and current research results on correlations within the
TPACK-dimensions. In addition, the authors show how they developed the
teacher trainings based on the offer-and use model in Section 7.4. Section 7.5
and 7.6 explain the research aims and the methods (random sample, research
design, measuring instrument). In the last two Sections 7.7 and 7.8, the results
of the two projects are presented and discussed. The article concludes with a
discussion and consideration of the limitations.

3
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EELBA is a sub-project of “U.EDU: Unified Education – Medienbildung entlang der Lehrerbildungskette” (funding code: 01JA1616). It is part of the “Qualitätsoffensive Lehrerbildung”, a joint initiative of the Federal Government and the Länder. The programme is funded
by the Federal Ministry of Education and Research. EELBI is a sub-project of “Mittelstand
4.0-Kompetenzzentrums Kaiserslautern”. The programme is funded by the Federal Ministry
of Economics and Energy.

7.2 The Effectiveness of Professional Development
7.2.1 Modelling the Effectiveness of Professional Development
The effectiveness of training programs depends on various factors, which Lipowsky summarises in the offer-and-use model (Lipowsky, 2014, 515; Lipowsky & Rzejak, 2015, 30). The influencing factors relate both to the quality
of the event and the facilitator as well as to the characteristics of the participants and the school context (Vigerske, 2017). “The success of professional
development programs for teachers can depend on this spectrum of factors”
(Lipowsky & Rzejak, 2015, 29). In addition to the influencing factors (cf. Figure 1 upper and middle section), the model also contains levels for the evaluation of teacher training (cf. Figure 1 lower section). These four levels in the
offer-and-use model are based on Kirkpatrick and Kirkpatrick (2006).
Figure 1: Offer-and-use model for research on teachers’ professional development
(Lipowsky, 2014, 515; Lipowsky & Rzejak, 2015, 30)

-
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Of the learning
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Transfer process

Success of professional development
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Level 2: Enhancement of teachers´ knowledge, motivation etc.
Level 3: Enhancement of teaching practices and teaching quality
Level 4: Development of students (performance, motivation etc.)
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participants
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Motivation
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The characteristics of the trainers include their knowledge, beliefs, interests,
etc. which influence the quality of the learning opportunities during professional development. The quality of the training involves the structure, the concept, the content focus, and the duration. The quality and quantity of learning
opportunities during the professional development interact with the perception,
interpretation and utilization of the learning opportunities by the participating
133

teachers. The perception and use of professional development are in turn influenced by the characteristics of the facilitator and the characteristics of the participants. The requirements of the participants include their knowledge and
skills, motivation, beliefs, etc. These characteristics are influenced by the
school context. The school context includes, among other things, the support
of the school management and colleagues. All factors mentioned have an influence on the transfer process of the participants. This transfer process, in turn,
determines the success of professional development (see Figure 1). Further details can be found in Lipowsky & Rzejak (2015).
In order to be able to evaluate a training program, it must first be decided
at which level the effectiveness should be considered. The authors Kirkpatrick
and Kirkpatrick (2006) developed an inter-professional model for the evaluation of further training. This model contains four different levels: reaction,
learning, behaviour, and results (Kirkpatrick & Kirkpatrick 2006, 21). Based
on this model, Lipowsky (2014) established four levels for teacher training.
These are part of the offer-and-use model (Lipowsky & Rzejak, 2015, 30). The
names of the levels are similar to the original labels of Kirkpatrick and Kirkpatrick (2006). The difference is that they are specifically designed for the profession of teachers and the learning of students. Lipowsky & Rzejak (2015, 30)
call the four levels: satisfaction and acceptance, enhancement of teachers’
knowledge and motivation, enhancement of teaching practices and quality, development of students (see the lower section in Figure 1).
The lowest level is the satisfaction and acceptance of the teachers for professional development (Level 1). “The effectiveness of teacher training can
only be deduced from participants’ acceptance and satisfaction data to a limited
extent” (Lipowsky & Rzejak 2015, 28). The information gained in this way
can essentially be used for the evaluation and further development of the
teacher training concept (cf. Kirkpatrick & Kirkpatrick, 2006, 27). At the next
higher level, teacher training is recorded on the basis of teacher cognition
(Level 2). This includes changes in the knowledge, skills, beliefs and motivation of the participants. “These teacher characteristics are important predictors
for teaching quality and student learning” (Lipowsky & Rzejak, 2015, 28). The
third level comprises the practical teaching activities of the teachers (Level 3).
Changes in the “participants’ in-class behaviour” (Lipowsky & Rzejak, 2015,
28) are observed. Capturing changes on level three is more challenging than
on the first two levels (cf. Kirkpatrick & Kirkpatrick, 2006, 52). Finally, the
effectiveness of teacher training can be assessed at the student level (Level 4).
This includes changes in learning achievement and student motivation. “The
first three levels of evaluation attempt to determine the degree to which these
three things have been accomplished” (Kirkpatrick & Kirkpatrick, 2006, 65).
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7.2.2 State of Research of Effectiveness of Professional Development
As already mentioned, the effectiveness of teacher training can be measured at
four levels (see Figure 1). In the following, different findings from international studies on the effectiveness of professional developments are listed. A
distinction is made between the four levels of teacher training. Although initial
findings exist in the field of economic education (e.g. Seifried & Wuttke, 2017;
Krille, Salge, Wuttke, & Seifried, 2017; Krille, 2019), the following findings
refer to the field of general education.
Various studies assessed the influence of different factors on these levels.
On the international scene, the metastudies by Kennedy (1998), Yoon, Duncan,
Lee, Scarloss, and Shapley (2007), Timperley, Wilson, Barrar, and Fung
(2007) and Darling-Hammond, Hyler, and Gardner (2017) are frequently cited.
These studies consider the effectiveness of teacher training at the student level
(Level 4). Furthermore, the influence of different factors of teacher training on
student performance is considered in quantitative studies. Results of such studies can be found, for example, in the publications of Ingvarson, Meiers, and
Beavis (2003, 2005), Thiel, Ophardt, and Piwowar (2013), Kiemer, Gröschner,
Pehmer, and Seidel (2015), Pehmer, Gröschner, and Seidel (2015) and Kleickmann, Tröbst, Jonen, Vehmeyer, and Möller (2016). While the quantitative
studies focus primarily on the type of event (e.g. blended learning, class time
and private study) and the content focus, the metastudies also consider active
learning, duration and time span.
Other studies have examined the influence or relationship between factors
influencing teacher training and teaching quality (Level 3). For level 3, the
international studies by Garet, Porter, Desimone, Birman, and Yoon (2001,
2002), Ingvarson, Meiers, and Beavis (2003, 2005) and Penuel, Fishman, Yamaguchi, and Gallagher (2007) should be highlighted. In the national (German-speaking) area, research results are also available in the publications of
Thiel et al. (2013), Pehmer et al. (2015), Kiemer et al. (2015), Kleickmann,
Tröbst, Jonen, Vehmeyer, and Möller (2016), and Vigerske (2017).
In the following, the main results on the influence of different factors on
changes in teacher cognition (Level 2) are presented. Some of the studies that
considered the influence of different factors on the level of teacher cognition
also evaluated the level of teaching quality (e.g. Garet et al., 2001; Penuel et
al., 2007; Ingvarson et al., 2003, 2005). Studies that have exclusively assessed
the effectiveness at level 2 are Thiel et al. (2013), Besser, Leiss, and Eckhard
(2015), Kleickmann et al. (2016), Tröbst, Kleickmann, Depaepe, Heinze, and
Kunter (2019) and Akiba, Murata, Howard, and Wilkinson (2019).
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Factors most influencing changes in teachers’ cognition are follow-up support
from the trainer, coherence,4 content focus, professional learning community
and active learning (Garet et al., 2001; Ingvarson et al., 2003; Ingvarson et al.,
2005, Penuel et al., 2007; Besser et al., 2015). The results of other influencing
factors mentioned by Lipowsky (2014) in the offer-and-use model are not considered in detail for two reasons. Either studies show ambiguous results on the
influence of the factors on teacher cognition. Or these factors are poorly studied on level 2. These include the type of event, feedback, time span, duration
and collaboration. Nevertheless, this does not mean that these factors have no
influence on the effectiveness of teacher training. There are studies (e.g. Kennedy, 1998; Yoon et al., 2007; Timperley et al., 2007; Watson & Manning,
2008; Darling-Hammond et al., 2017) that demonstrate the effectiveness of
these factors at level 3 and 4. However, the influence at the level of teacher
cognition is not confirmed. The three influencing factors active learning, content focus and coherence were considered in the design of the two teacher training courses. For this reason, the influences of these factors on the knowledge
of teachers are listed in Table 1.
The studies by Garet et al. (2001) and Ingvarson et al. (2003, 2005) report
a significant influence of active learning on teacher knowledge. Even higher
standardized regression coefficients are reported for the coherence and content
knowledge of teacher training (see Table 1, lines 2 and 3). The regression coefficients for the content focus show highly significant values between .19**
and .33** across the analysed studies (Garet et al., 2001; Ingvarson et al., 2003,
2005). In addition to these studies, reference is made to the results of Besser et
al. (2015). In their study training courses with pedagogical content knowledge
and a pedagogical focus were compared. Besser et al. (2015) concluded that
professional developments with a focus on pedagogical content knowledge are
more effective than professional developments with a pedagogical focus (d =
1.63**, ɳp² = .412**). There is evidence that the influence of coherence on
teachers' knowledge is even greater than the influence of content focus. The
results of Garet et al. (2001) show an influence on the knowledge of teachers,
whereas Penuel et al. (2007) examined an influence on the pedagogical
knowledge of teachers (see Table 1, line 3).
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Coherence describes a meaningful linking of structures, contents and phases of teacher training. Coherent learning opportunities establish systematic relationships that enable learners to
experience these structures, contents and phases as coherent and meaningful (cf. Hellmann
2019; Garet et al., 2001).

Table 1: Results of the active learning, content focus and coherence on the knowledge
of in-service teachers
Influencing factor

Publication

Research results

Active learning

Garet et al. (2001)
Ingvarson et al. (2003)
Ingvarson et al. (2005)

K: β = .14**
K: β = .09*
K: β = .08-.27**

Content focus

Garet et al. (2001)
Ingvarson et al. (2003)
Ingvarson et al. (2005)
Besser et al. (2015)

K: β = .33**
K: β = .35*
K: β = .19**-.39**
PCK vs. PK: d = 1.63**, ɳp² =
.412**

Coherence

Garet et al. (2001)
Penuel et al. (2007)

K: β = .42**
PK: β = .59**

Note. This table only lists factors for which there is evidence of influence from in-service teacher
training on changes in teacher knowledge. Ingvarson et al. (2005) examined a total of four training programs. The results, therefore, represent the lowest and highest of the four values.
K = teachers’ knowledge, PK = teachers’ pedagogical knowledge, PCK = teachers’ pedagogical
content knowledge
β = standardized regression coefficient, d = effect size, ɳp² = effect size
Significance values: *p < 0.05; **p < 0.01

The results from Table 1 illustrate the relevance of the three influencing factors
listed for the design and effectiveness of professional developments for
changes in teacher knowledge. The training courses were developed based on
these results. The two professional developments focused on changes in cognitive aspects and, more specifically, on the knowledge of teachers. The evaluation will be carried out on the second level according to Lipowsky and
Rzejak (2015) as well as Kirkpatrick and Kirkpatrick (2006). For this reason,
a model of teacher cognition is presented below.
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7.3 Model of Professional Knowledge of Teachers
7.3.1 Professional Knowledge of Teachers
The professional knowledge of teachers can be operationalized in different
ways. In Germany, the PCK-model of Shulman (1986) dominates in studies
(e.g. Hohenstein, Köller, & Möller, 2015). However, this model lacks the
knowledge to integrate technologies into teaching (cf. Walker et al., 2017).
Today, digital media and smart devices are at the heart of the integration of
technologies into the classroom. Comparative studies such as ICILS (cf. Bos,
Eickelmann, & Gerick, 2014) illustrate the importance of this technological
knowledge. Wang, Schmidt-Crawford, and Jin (2018) state that “technology
can no longer be treated as a separate body of knowledge that is isolated from
the pedagogical and content knowledge that teachers require” (Wang et al.,
2018, 235). The TPACK-model by Mishra and Koehler (2006) takes technological knowledge into account (see Figure 2). Therefore, Wang et al. (2018)
support the TPACK-model to describe the professional knowledge of teachers.
TPACK is the abbreviation for technological pedagogical content knowledge.
Content, pedagogical and technological knowledge are regarded as basic dimensions. These three knowledge dimensions cannot be completely separated
from each other. There are overlaps, which form a total of four knowledge
dimensions. In addition to the knowledge dimensions, the model also contains
a context (see the frame in Figure 2).
Figure 2: The TPACK-model according to Mishra and Koehler (2006)
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Technological knowledge (TK):5 Technological knowledge includes
knowledge about all technologies, from low-tech (e.g. chalkboard,
worksheet, book) to high-tech (e.g. computer software, smart devices)
(Mishra & Koehler, 2006, 1027).
Technological content knowledge (TCK): Technological content
knowledge is knowledge about the selection of technologies for teaching specific content. “The teachers need to know [...] the manner in
which the subject matter can be changed by the application of technology” (Mishra & Koehler 2006, 1028).
Technological pedagogical knowledge (TPK): Technological pedagogical knowledge is the knowledge about the fit of teaching methods
and content (Mishra & Koehler, 2006, 1028).
Technological pedagogical content knowledge (TPACK): Technological pedagogical content knowledge is the knowledge of the flexible use of pedagogical and technological components to teach specific
content (Mishra & Koehler, 2006, 1029).
Context: The various dimensions of knowledge are integrated into a
context (see Figure 2). The context is “dependent on subject matter,
grade level, student background” (Mishra & Koehler, 2006, 1032),
type of school and type of available technologies.

7.3.2 State of Research of Interrelations in the Professional
Knowledge of Teachers
The seven TPACK-dimensions are initially theoretical assumed dimensions.
Voogt, Fisser, Roblin, Tondeur, and van Braak (2013) list studies in their article that confirm empirical separability. Although there is evidence for empirical independence, there are medium to high correlations between the
knowledge dimensions. According to the theoretical model, the correlations
between knowledge dimensions that are closer together in terms of content or
definition are higher in natural science education (cf. Walker et al., 2017). Table 2 lists the findings of various studies in general education on the relationships between the TPACK-dimensions. The studies by Schmidt et al. (2009)
and Sahin (2011) exclusively interviewed pre-service teachers and those by
Koh, Chai, and Tsai (2013) and Walker et al. (2017) exclusively interviewed
in-service teachers. In the study by Dong et al. (2015), both pre-service and inservice teachers were interviewed. Lin et al. (2013) made no distinction.

5

For reasons of limited space, a definition of the knowledge dimensions known from the PCK
model is not given (PK, CK and PCK). Shulman (1989) as well as Mishra and Koehler (2006)
should be mentioned here.
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Table 2: Correlations between the dimensions of the technological pedagogical content
knowledge
rTPK/PK & rTPK/TK >
rTK/PK

rTCK/TK & rTCK/CK >
rTK/CK

rPCK/PK & rPCK/CK >
rPK/CK

.51** & .40** > .21*

.54** & .21*/.36** >
.07/.41**

.56** & .25**/.33**
> .14/.42**

Sahin
2011

.67** & .46** >
.28**

.53** & .59** >
.36**

.80** & .63** >
.61**

Lin et al.
2013

.59 & .72 > .42

.65 & .56 > .31

.40 & .51 > .52

Koh et al.
2013

.49** & .72** >
.42**

.63** & .47** >
.35**

.40** & .42** >
.61**

Dong et
al. 2015

.55** & .69*** >
.58**
.56** & .64** >
.49**

.72** & .50** >
.55**
.70** & .45** >
.46**

.57** & .58** >
.69**
.62** & .49** >
.59**

.11 & .58** > .03

-.26/.46 & .76**/.82*
> -.42/.57**

.12/.13 & .81**/.86**
> -.08 /.07

Schmidt et
al. 2009

Walker et
al. 2017

Note. The study by Schmidt et al. (2009) examined four, the study by Walker et al. (2017) two
different content areas. Therefore, the smallest (before the slash) and largest values (behind the
slash) were given for the content knowledge (row 1). In the study by Lin, Tsai, Chai, and Lee
(2013) are no significance values reported (row 3). The study by Dong, Chai, Sang, Koh and
Tsai (2015) lists the findings of pre-service (upper line) and in-service (lower line) teachers (row
5).
TK = Technological knowledge; PK = Pedagogical knowledge; CK = Content knowledge;
TPK = Technological-pedagogical knowledge; TCK = Technological content knowledge; PCK =
Pedagogical content knowledge.
Significance values: * p < 0.05; ** p < 0.01

The correlations between knowledge dimensions close to each other, e.g.
TPK/TK and TPK/PK, are compared to the correlations between TK/PK. As
expected, for the knowledge dimensions TPK, PK and TK the correlations between the closer dimensions are higher than between the two basic dimensions
(see Table 2, left column). The relationships between TCK, TK and CK are
similar (see Table 2, middle column). However, three of the studies reported
only partially results corresponding to the theory. In the studies by Schmidt et
al. (2009) and Dong et al. (2015), the correlations between the basic knowledge
dimensions TK/CK are similar or higher than the correlations between
TCK/CK. In addition, the correlations between TK/CK in Walker et al. (2017)
are higher than those between TCK/CK. The correlations between the PCK
and the adjacent dimensions are less clear (see Table 2, right column). Only
two studies (Sahin, 2011; Walker et al., 2017) show higher or at least equal
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correlations between the PCK and the basic knowledge dimensions than between the PK/CK. The studies by Lin et al. (2013), Koh et al. (2013) and Dong
et al. (2015) each report higher correlations to at least one of the two PCK/PK
and PCK/CK correlations for these knowledge areas. The findings of Lin et al.
(2013) could be attributed to the very small number of items in PCK and CK.
While the PK was queried by six items, only three items were used for the CK
and two items for the PCK (Lin et al., 2013, 331). In the study by Koh et al.
(2013), the PK was also queried with more items (5) than the PCK (3 items)
and the CK (3 items) (Koh et al., 2013, 800). It seems questionable whether
with two to three items per content area the PCK and the CK can be comprehensively mapped. In addition, the items are not formulated in terms of concrete content, but only in terms of a general subject, e.g. science. In summary,
the closer knowledge dimensions tend to correlate more closely with each other
than with more distant knowledge dimensions (see Table 2, Figure 2).

7.4 Introduction of the Professional Developments
The offer-and-use model, as well as the TPACK-model, presented in Section
7.2 and 7.3 form the theoretical framework for the development of the two
training courses. In terms of content, one training course focused on pedagogical content knowledge in the field of automation technology. The other professional development focused on technological content knowledge in the field
of digitized production.
x Automation technology: Pedagogical components of the teacher
training are the cognitive apprenticeship (CA)-approach (Brown, Collins, & Duguid, 1989) as well as the informative tutorial feedback
(ITF) according to Narciss (2008). The participating teachers will be
shown how to teach fault diagnosis using the CA-approach and the
ITF. Rowold et al. (2008) were able to demonstrate the effectiveness
of the CA-approach for training the fault diagnosis capability of trainees in automation systems. There is evidence that feedback from
teachers has an impact on students' learning (Kulhavy, 1977). For this
reason, the ITF is used in training and its benefits are identified. The
feedback is integrated into the coaching, scaffolding and fading phases
of the CA-approach. On the one hand, in the form of individual feedback for the participants and on the other hand via stepped learning
aids. Strategies for fault diagnosis based on Rasmussen (1981) and
Konradt (1992) form the content component. These are practiced on
authentic computer simulation (Walker et al., 2015). This computer
simulation is the technological and thus also the digital component of
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teacher training in automation technology. A more detailed description of the professional development in automation technology can be
found in Schäfer and Walker (2018) as well as Schäfer and Walker (in
press).
Digitized production: In order for teachers to be able to prepare their
trainees well for everyday work in Industry 4.0, they must possess the
appropriate qualifications (acatech, 2016; bayme vbm study, 2016).
These include topics such as identification systems (RFID: radio-frequency identification, QR-code: quick response code) in smart production, the basics of network technology as well as a strong focus on
modern open-loop technology and information technology. These are
the content components of teacher training. These contents will be
demonstrated using an Industry 4.0 training plant. The plant is the
technological and digital component of the training. Various smart devices (tablets, smartphones) are used on it. The CA-approach is also
used as a pedagogical component in this teacher training course. The
training on digitized production is described in the articles Walker et
al. (2018) and Link, Schäfer, and Walker (2020).

The influencing factors content focus, coherence, and active learning, from the
offer-and-use model (Lipowsky & Rzejak, 2015), were considered. In Table 3,
the formal framework of both advanced training courses is listed.
Table 3: Introduction of the professional development concepts
Automation technology

Digitized production

Content Focus
Pedagogical content knowledge in the
Technological content knowledge for the
field of fault diagnoses in automation
Introduction of technologies for Industechnology
try 4.0
Coherence
Fault diagnosis in the field of automation
The following topics are an integral part
technology is an integral part of the curof the curricula:
ricula of various training occupations in
Identification systems: INME: LF13,
Germany. e.g. EAT: LF13; INME: LF13,
MECH: LF11, EAT: LF11;
MECH: LF11
networking technology: MECH: LF9,
EAT: LF9;
modern control technology EAT: LF7+11,
MECH: LF7
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Table 3: Introduction of the professional development concepts (cont.)
Automation technology

Digitized production

Concept/ active learning
1) Theoretical input on fault diagnosis in
1) Theoretical input on Industry 4.0
automation technology
2) Presentation of the Industry 4.0-train2) Presentation and testing of the funcing plant
3) Training for Industry 4.0
tionality of the software simulation
3) Training of the fault diagnosis
a) Action oriented learning with identifia) Independent fault diagnosis of the
cation systems (RFID, QR-code)
b) Enhancement of modern control techteachers in the simulation
b) Run through the CA-approach (modelnology based on the CA-approach phases
ling, coaching, scaffolding/ fading)
(modelling, coaching, scaffolding /fadc) Feedback depending on the CA-aping), basics of network technology
proach phase (given by the trainer or by
4) Provision of handouts and worksheets
staged learning aids)
5) Discussion of actual problems at voca4) Discussion of the design and the functional education and training schools in
tionality of the learning aids
the context of Industry 4.0
5) Provision of handouts and worksheets
Note: EAT = electronics technicians for automation technology, INME = industrial mechanics,
MECH = mechatronics technicians, LF = learning field

7.5 Research Aims and Research Questions
The evaluation of professional developments is an essential goal of this article.
As already described in Section 7.3.1 the TPACK-model of Mishra and Koehler (2006) was chosen as the theoretical basis for the evaluation of the two
professional developments. Accordingly, the first research question is related
to the relationships between individual TPACK-dimensions. Section 7.3.2 lists
various studies that have investigated the relationships between the TPACK
dimensions (see Table 2). However, all of these studies were conducted in general education, some of them only surveyed pre-service teachers. Whether the
results can be transferred to the vocational education and training in the technology sector is still open. The second research question considers the changes
in the self-assessments of the teachers in the individual TPACK-dimensions.
Research Question 1: What are the Relationships Between the More Closely
Related Knowledge Dimensions of the TPACK-Model?
In Section 7.3.2, various research results on the relationships between the
TPACK-dimensions were reported. The extent to which these also apply to
vocational education and training in the technology sector is still unclear. In
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the literature (e.g. Sahin, 2011; Lin et al., 2013) it is assumed that closer related
knowledge dimensions (e.g. PCK and PK) are correlating stronger with each
other than more distant knowledge dimensions (e.g. PK and CK). Accordingly,
the following assumptions on the interrelationships of the fields of knowledge
are examined:
1) rTPK/PK & rTPK/TK > rTK/PK
2) rTCK/TK & rTCK/CK > rTK/CK
3) rPCK/PK & rPCK/CK > rPK/CK
Research Question 2: What Development can be Observed in the Individual
TPACK-Dimensions?
According to the different focus of the teacher training courses (see Table 3),
the self-assessed teacher knowledge is expected to develop in different
TPACK-dimensions. The professional development in automation technology
focuses on PCK. In this knowledge dimension, the highest change is expected.
For further training in digitized production, changes are expected, specifically
in TK, CK and TCK.

7.6 Methods
7.6.1 Random Sample
In the following, the characteristics of the participants of both professional developments are presented in tabular form (see Table 4).
Table 4: Characteristics of the participants

Gender
Age

Automation technology
(n = 57)
64% electrical engineering
29% mechanical engineering
5% information technology
2% mechatronics
9% female, 91% male
M: 44 years (min = 27; max = 61)

Digitized production
(n = 40)
44% electrical engineering,
38 % mechanical engineering
18 % automation or information
technology
3% female, 97% male
M: 48 years (min = 32; max = 66)

Working experience

M: 12 years
(min = 0; max = 38)

M: 15 years
(min = 1; max = 26)

Teaching
subject

Note. Participants with a working experience of 0 years are student teachers
(“Referendare”)
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7.6.2 Research Design
The teacher training on automation technology took place as a one-shot training with a duration of six hours. The advanced training on digitized production
was carried out on two separate dates with six hours each. In both professional
developments, the data collection was carried out in pre-post-test design. A
questionnaire was used to collect demographic data and a self-assessment of
the teachers in the seven TPACK-dimensions. After a short welcome and an
introduction, the teachers completed the questionnaire for the first time. Afterward they went through further training. At the end of the event, the participants were asked to complete the questionnaire again.
Control variables were only recorded during further training in automation
technology.6 The implementation of further surveys was not desired by the external cooperation partners (state institutes). The reason for this was the short
duration of the training courses. The fact that data collection is limited to the
self-assessment questionnaire also applies to further training in digitized production. No control group was used in further training on digital production.
In Rhineland-Palatinate, for example, there were no comparable events at the
time of the development of teacher training. Since no standard for teacher training for digital production had yet been developed, the research design was conceived without a control group.

7.6.3 Measuring Instrument
For the testing of in-service teachers in a one-shot professional development,
a knowledge test could lead to teachers not participating in the study. Therefore, self-assessment questionnaires were developed for both professional developments. These are based on the English instrument by Schmidt et al.
(2009) and the German translation by Walker et al. (2017). Accordingly, the
assessment of the effectiveness of the two teacher training courses is based on
level 2 of the offer-and-use model of Lipowsky and Rzejak (2015) (see Figure 1, Section 7.2.1). The survey instruments were developed to record the
seven TPACK-dimensions of the participants (see Section 7.3.1). For each
knowledge area, five to nine items were identified. All items of the questionnaire were to be answered with a five-level Likert scale (1 = applies; 4 = does
not apply at all; 5 = I do not know).

6

The evaluation of this training is part of a dissertation project. The transmissive and constructivist beliefs of the teachers (cf. Kunter et al., 2013) were collected as control variables in
addition to the self-assessment questionnaire. Furthermore, a distinction was made between
experimental and control group. The examination of the results of experimental and control
group as well as the beliefs of the teachers are main components of the dissertation project.

145

The questionnaire for automation technology was tested in a pilot phase and
subsequently optimized. A high internal consistency from .81 to .94 could be
achieved for the sub-scales. The questionnaire for digitized production has also
a satisfying internal consistency. Cronbach's alpha coefficients range from .77
to .93 for the seven TPACK-dimensions. Example items can be found in
Schäfer and Walker (2018) as well as Schäfer and Walker (in press) for the
professional development in automation technology. The corresponding information for teacher training in digitized production can be found in the publication of Link et al. (2020).

7.7 Results
7.7.1 Correlations between the TPACK-Dimensions
If the correlations between TPK/PK and TPK/TK are considered, they are
higher for both professional developments than for PK/TK (cf. Table 5, line 1).
This is in line with the results reported in Section 7.3.2. The same applies to
the results of TCK/CK and TCK/TK compared to CK/TK. Nevertheless, the
correlations between TCK and CK in both training courses are significantly
higher than between TCK and TK (cf. Table 5, line 2). Also, for the comparison between PCK/PK and PCK/CK with PK/CK, the results agree with those
from the theoretical Section (cf. Table 5, line 3).
Table 5: Correlations according to Pearson of individual TPACK-dimensions
1) rTPK/PK & rTPK/TK >
rTK/PK
2) rTCK/TK & rTCK/CK
> rTK/CK
3) rPCK/PK & rPCK/CK
> rPK/CK

Automation
technology
Digitized
production
Automation
technology
Digitized
production
Automation
technology
Digitized
production

.45**/.71*

& .39**/.33*

>

.18/.15

-.13/.17

&

>

.04/.09

.16/.16

&

>

.07/.10

>

.30/.40*

>

.20/.29*

>

.27/.32*

.10/.42**
.56**/.61*
*
.28/.26

.31/.23

.79**/.89*
*
.78**/.87*
&
*
.43**/.56*
&
*
.71**/.68*
&
*

Note. The values of the pre-test are before those of the post-test after the slash.
TK = Technological knowledge; PK = Pedagogical knowledge; CK = Content knowledge;
TPK = Technological-pedagogical knowledge; TCK = Technological content knowledge; PCK =
Pedagogical content knowledge; TPACK = Technological-pedagogical content knowledge.
Significance values: * p < 0.05; ** p < 0.01
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What is noticeable, however, is that the correlation between the PK/CK is
higher than between PK/TK. In addition, PK/CK is higher than CK/TK in the
professional development for automation technology. In contrast, the relationship between TK/CK in digitized production is the highest relationship between more distant areas of knowledge recorded in these studies. In digitized
production the focus was on expanding the CK and TK of teachers.

7.7.2 Changes in the Mean Values of TPACK-Dimensions
To assess the changes in the mean values of the TPACK-dimensions, standardized sum scores were formed. Based on these sum scores, t-tests for dependent samples were calculated for both professional developments. Table 6
contains the t-values, the number of degrees of freedom, the significance levels
and the effect size Cohen’s d per knowledge dimension.
Table 6: Results of the t-test (paired samples) and the effect size
Digitized production
TPACK-dimensions
TK (pre-post)
PK (pre-post)
CK (pre-post)
PCK (pre-post)
TPK (pre-post)
TCK (pre-post)
TPACK (pre-post)

t-value

p-value

effect size d

t (37) = 3.14
t (38) = 3.96
t (37) = 6.28
t (37) = 6.02
t (39) = 1.72
t (39) = 5.70
t (38) = 6.76

.003
.000
.000
.000
.094
.000
.000

0.51
0.63
1.02
0.98
0.27
0.90
1.08

Automation technology
TPACK-dimensions
TK (pre-post)
PK (pre-post)
CK (pre-post)
PCK (pre-post)
TPK (pre-post)
TCK (pre-post)
TPACK (pre-post)

t-value

p-value

effect size d

t (50) = 2.80
t (46) = 5.41
t (48) = 5.80
t (47) = 12.09
t (53) = 5.09
t (53) = 7.11
t (43) = 5.90

.007
.000
.000
.000
.000
.000
.000

0.39
0.79
0.83
1.75
0.97
0.69
0.89

Note. When interpreting the effect sizes, it must be noted that the comparison between the pre- and
post-test was made without a control group.

For both professional developments, positive changes in the self-assessment of
all knowledge dimensions can be recorded. As was already made clear in Section 7.4 (cf. Table 3), the focus in both training courses was on building up
different dimensions of knowledge. While the professional development on
digitized production focuses on the development of the CK, TK and TCK, the
training on automation technology focuses on the development of the PCK.
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The self-assessments in the knowledge dimensions have also changed in line
with these objectives (cf. Table 6).
x Digitized production: Six of the seven dimensions of knowledge
achieve significant changes in digitized production. The biggest
changes in digitized production have taken place in TPACK (t (38) =
6.76, p < .001) and CK (t (37) = 6.28, p < .001). But the PCK and TCK
also have similarly high values. Both the t-values and the effect size
are highest in these four knowledge dimensions. The TPK is not significant and at the same time achieves the lowest value (t (39) = 1.72,
p = .094). All knowledge dimensions that contain aspects of CK have
large effects according to Cohen's d, e.g. dCK = 1.02, dPCK = .98, dTCK
= .90 and dTPACK = 1.08.
x Automation technology: In the professional development of automation technology, the changes are significant in all knowledge dimensions. The largest change took place in the PCK (t (47) = 12.09, p <
.001), the smallest in the TK (t (50) = 2.80, p < .01). The effect size of
TK is also the smallest (d = .39) whereas that of PCK is the largest (d
= 1.75).
Taking these results into account, the content focus seems to have an impact
on the development of knowledge dimensions. Thus, the development of
teachers' self-assessments is highest in the knowledge dimensions that were
focused in the training courses.

7.8 Discussion and Limitations
The purpose of this article was to present the research results of two professional developments for vocational education teachers, which involve the topic
of digitization. One of the professional developments included content and
technological aspects on the topics of Industry 4.0 and digitized production.
The other training focused on pedagogical content knowledge aspects of fault
diagnosis in automation technology on a computer simulation. While the contents of the training courses were developed along the TPACK-model, the
structural aspects were developed based on the offer-and-use model by Lipowsky (2014). The effectiveness of the teacher training was assessed via a selfassessment questionnaire of the teacher knowledge. The survey instrument is
divided into the knowledge dimensions of the TPACK-model. Two research
questions are to be answered with the help of the evaluation of the training
courses.
Firstly, what are the relationships between the more closely related
knowledge dimensions of the TPACK-model? Various studies (e.g. Schmidt
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et al., 2009; Sahin, 2001) examined the correlations between the TPACK-dimensions (see Table 2). Those studies were conducted exclusively in general
education and with both pre- and in-service teachers. The evaluation of the
developed further training courses shows similar relationships (see Table 5).
The results of our study indicate that the findings of Schmidt et al. (2009) and
others are also transferable for in-service teachers in the vocational education
sector.
Secondly, which changes can be observed in the self-assessment of
knowledge in the individual TPACK-dimensions? It is noticeable that the selfassessment is highest in the knowledge dimensions that were focused on in
professional developments (see Section 7.2). Thus, according to the results of
Garet et al. (2001) and Ingvarson et al. (2003, 2005), the content focus has an
influence on the (self-assessed) teacher knowledge.
In the structural and methodological aspects of the teacher training and the
research design, various limitations have arisen:
First of all, the evaluation of the effectiveness of professional development by
self-assessment questionnaires on knowledge is regarded as a limitation. On
the one hand, the recording of the teacher's knowledge by self-assessments is
less meaningful than testing knowledge directly. In addition, further (non-)
cognitive aspects, such as beliefs, motivational orientation, and self-regulation
(Wuttke & Seifried, 2016), are not considered. On the other hand, a self-assessment of changes in knowledge of teachers cannot be used to draw conclusions about changes in the teaching behaviour (Level 3) or even the students
learning (Level 4). However, when working with in-service teachers in a oneshot training, it seems to us rather inappropriate to record knowledge by expertise tests. Above all, the voluntary participation of in-service teachers in
combination with the short duration of the further training were reasons for the
use of a self-assessment questionnaire.
Secondly, the absence of a control group limits the validity of the research
results. The results show that the greatest changes in both teacher training
courses are assessed in the respective focused knowledge dimensions (cf. Table 6). Although there has been a change in self-assessment, it remains unclear
whether this was actually caused by the professional development itself. This
question is part of a dissertation project.
Thirdly, a larger sample would have been desirable for dividing the participants into an experimental and a control group. Therefore, the sample size
is a further limitation of the studies.
The teacher training courses will be further expanded within the framework of follow-up projects. The aim is to counteract the limitations listed
above. In the follow-up project (cf. DEFINE, 2019-2023), the effectiveness of
the professional developments is recorded at the student level (Level 4). In addition, teacher training will be promoted more strongly in order to increase the
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number of participants. The aim is to divide the participants into experimental
and control groups at both teacher and student level.
The developed and tested advanced training concepts offer first insights
into pedagogical and technological content knowledge-oriented teacher training in the technical field. The content and technologically focused offer on
Industry 4.0 and digitized production have met with great approval among the
teachers involved. However, the professional development of the pedagogical
content knowledge elements of fault diagnosis on automated systems has also
met with a high level of acceptance. Feedback from practice shows great interest in further events. Vocational schools also welcome the participation of universities in the scientific evaluation of teacher training courses.
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Section III:
Workplace Learning
in the Age of Digitization

8 Digital Competences in the Workplace: Theory,
Terminology, and Training
Henrike Peiffer, Isabelle Schmidt, Thomas Ellwart, & Anna-Sophie
Ulfert

8.1 Introduction
The use as well as the continuous development of digital systems, such as
Information and Communications Technologies (ICT), has led to fundamental
changes in education, at work, and in everyday life (e.g. Larson & DeChurch,
2020; Bergeri & Frey, 2016). Educators, business leaders, academics, and
governmental agencies worldwide (e.g. the Organization for Economic Cooperation and Development [OECD]) regard the competent use of digital systems as a 21st century skill. Especially in the workplace, employees increasingly require competences in handling diverse digital systems. Thus, effective
training is necessary to assist employees from different backgrounds (e.g. age,
gender), to acquire and develop digital competences for successfully dealing
with (new) digital systems.
Although digital systems have a central role in today’s work environments key concepts regarding the use of digital systems are still insufficiently
researched, particularly in the work context. For example, there is no consensus on what digital competences actually entail and what competences employees require to deal with digitalization.
In our first research question (RQ 1), the aim is to differentiate digital
competences in the workplace and to gain an understanding of what they
comprise. Research indicates that not only objective competences (performance-related competences) but also subjective competences (i.e. competence beliefs) are relevant in the workplace (Judge, Erez, & Bono, 1998;
Stajkovic & Luthans, 1998). These theories can be transferred to the context
of digital systems. In particular, competence beliefs, such as self-concept and
self-efficacy, are strongly linked to how individuals interact with digital systems (Madhavan & Phillips, 2010). Although related, subjective competences
(i.e. competence beliefs) should be differentiated from objective ones, as they
independently influence performance, motivation, persistence, learning, and
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well-being (cf. Marsh, Martin, Yeung, & Craven, 2017). Moreover, it is important to differentiate between the different competence beliefs to avoid
erroneous conclusions about their effects on employees’ interaction with
digital systems. In the context of using digital systems at work, two central
outcomes are discussed and investigated: technostress and trust. In examining
determinants, previous research has predominately focused on self-efficacy
but not self-concept. RQ 2 examines how both competence beliefs are related
to the user reactions, namely, technostress and trust, in digital systems.
Based on RQ 1 and 2, one may ask how employees can acquire and develop these digital competence beliefs that are important for work-related
outcomes. Thus, RQ 3 explores how positive competence beliefs can be promoted through trainings and how effective trainings can be developed. To do
so, we refer to previous studies that investigated and evaluated such training
approaches.

8.2 Theoretical Background
8.2.1 Digitalization at work
In the context of work, the term digitalization has been used in an ambiguous
manner to describe both (1) the process of digitizing work processes or work
products (e.g. scanning documents) and (2) the consequences resulting from
the introduction or integration of new technologies into existing work processes (Wolf & Strohschen, 2018; Hagberg, Sundstrom, & Egels-Zandén,
2016; Mertens & Wiener, 2018). Following these definitions, the present
chapter focuses particularly on the changes that take place as a result of digitalization.
To understand the consequences of the digitalization of tasks and processes and to train employees regarding these changes, it is important to distinguish three influencing factors. According to the socio-technical system
approach, these factors can be classified as the following (Baxter & Sommerville, 2011): (1) individual-related, (2) technology-related, and (3) environment-related factors.
First, individual-level factors describe the individual’s objective and subjective competences, experiences, or characteristics (e.g. traits, cognitive and
emotional factors), which impact how individuals adapt and react to digitalization. Second, technology-related factors include the characteristics of digital systems (e.g. level of automation) or system capabilities (e.g. reliability or
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feedback; Endsley, 2017). Third, environment-related factors describe a person's work environment, including task characteristics (e.g. task type) as well
as team or organizational characteristics (e.g. team collaboration; Schaefer,
Chen, Szalma, & Hancock, 2016).
Technology-related factors and environment-related factors are relatively
easily adaptable. However, the influence of individual-level factors (i.e. one’s
objective competences to handle a system as well as one’s perception of their
own competence to do so [competence beliefs]) can hinder users from using
digital systems in the first place (Goddard, Roudsari, & Wyatt, 2012). In the
present chapter, we focus particularly on how competence beliefs (individuallevel factors) influence the users’ interaction with digital systems and how
competence beliefs are related to work-related outcomes (e.g. technostress);
we also explore how training that is targeted at competence beliefs may help
improve the interaction with digital systems. Before focusing on the important
role of digital competence beliefs, we look at the concept of digital competences as a whole.
In the following section, we will address RQ1 and will elucidate how two
digital competences, namely, objective and subjective digital competences,
which are often used interchangeably in the literature (see Laanpere, 2019),
can be differentiated.

8.2.2 Digital Competences
8.2.2.1 Objective Digital Competences
Objective digital competences describe the ability to use different digital
systems and can be evaluated by performance-based assessments. Given the
growing importance of assessing digital competences in work and daily life,
international organizations such as the OECD have been addressing the importance of digital competences. To describe the nature of digital competences and requirements as well as assessment instruments for measuring individual digital competences, these organizations have been developing theoretical
frameworks, including large-scale studies, such as the International Computer
and Information Literacy Study (ICILS) or the Programme for the International Assessment of Adult Competencies (PIAAC). When describing the
nature of the competent use of digital systems, the international discourse is
dominated by the terms ICT literacy, ICT skills, ICT fluency, digital literacy,
and digital competence (e.g. Chinien & Boutin, 2011; Filzmoser, 2016). For
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example, ICT literacy1 can be defined as “[…] using digital technology,
communications tools, and/or networks to access, manage, integrate, evaluate,
and create information in order to function in a knowledge society” (International ICT panel, 2002, 2).
Based on an intensive literature review (publications from 1997-2017) of
studies with an ICT focus, Silva and Behar (2019) conclude that competent
ICT use comprises a set of competences (e.g. knowledge, competences, abilities) and subjective variables (e.g. attitudes). Thereby, several competences
form central prerequisites (i.e. reading skills, general cognitive skills, and
basic computer skills). Next, to describe the factors relevant for a competent
handling of digital systems, theoretical frameworks that try to describe the
structure of digital competences (i.e. the dimensionality of competences) have
been proposed. In particular, those frameworks aim to provide performance
specifications that describe the knowledge and competences an individual
should require to succeed in today’s digitalized world (i.e. in both personal
and professional life). Thus far, the European Commission has proposed one
of the most integrative frameworks describing the digital competences that
are useful for the working context. Identifying five competence areas for
employees and consisting of 21 competences (see Table 1), the so-called
European Digital Competence Framework for Citizens (DigComp; see Ferrari, 2013) and its second version DigComp 2.1 (Carretero, Vourikari, & Punie
, 2017) propose a multidimensional structure of digital competences. This
framework is widely used in research and practice. For example, it is used by
several international and national providers of commercial and noncommercial assessments and certifications (e.g. TOSA certifications; https://
www.isograd.com/EN/index.php) (see for an overview: Laanpere, 2019).

1
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As the definitions of the different terms are highly comparable, we consistently use the
term digital competences throughout this chapter.

Table 1: DigComp 2.1
Competence area
Information and
data literacy

Communication
and collaboration

Digital content
creation

Safety

Problem-solving

Competence
Browsing, searching and filtering data, information and digital content
Evaluating data, information and digital content
Managing data, information and digital content
Interacting through digital technologies
Sharing through digital technologies
Engaging in citizenship through digital technologies
Collaborating through digital technologies
Netiquette
Managing digital data
Developing digital content
Integrating and re-elaborating digital content
Copyright and licenses
Programming
Protecting devices
Protecting personal data and privacy
Protecting health and well-being
Protecting the environment
Solving technical problems
Identifying needs and technological responses
Creatively using digital technologies
Identifying digital competence gaps

Source: Carretero, Vuorikari and Punie (2017)

In addition to performance-based assessments and certifications, there are
several self-evaluation tools available on the market. Based on DigComp,
these tools serve as analytical instruments for determining the digital competences of employees and organizations (see Kluzer et al., 2018). For example,
since 2015, the Europass Curriculum Vitale has included an online tool (Digital Competence Check) that assists jobseekers in self-evaluating their digital
competences. In the following, to describe digital competences, we use the
DigComp 2.1 framework as it is widely used and applies to objective and
subjective competences.
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8.2.2.2 Subjective Digital CompetencesThe Critical Role of Digital
Competence Beliefs
Unlike objective digital competences, subjective competences (i.e. competence beliefs) can be described as mental representations of one’s own performance, competences, and abilities and can be summarized as „competence
beliefs” (Marsh et al., 2017). They are usually assessed via self-reporting,
which is performed by using questionnaires, rather than through performancebased assessments, which are used for evaluating objective competences.
Although subjective competences are related to objective competences, some
individuals show strong differences between objective and subjective competences by an over- or underestimation of their competences (e.g. Pajares &
Miller, 1994). For this reason high-performing individuals do not always have
high competence beliefs (cf. Trautwein & Möller, 2016). Both types of misjudgment of one’s competences can impact subsequent behavior and performance (Goddard et al., 2012). For example, an underestimation of competences can be accompanied by negative effects for learning behavior and
performance (cf. Trautwein & Möller, 2016). Unfortunately, with respect to
digital competences, subjective and objective competences are often used
interchangeably (see Laanpere, 2019). Presenting a clear differentiation between the concepts, the present chapter aims to clarify the differences.
As essential components in the fundamental theories of human motivation
(see Craven & Marsh, 2008; Marsh et al., 2017), both objective competences
and competence beliefs are highly relevant for learning, motivation, and performance. This is in line with previous research that indicates that performance trainings can benefit from targeting both competence beliefs and objective competences (e.g. Eden & Aviram 1993; O'Mara, Marsh, Craven, &
Debus, 2006). This can be partly explained by findings from educational
context-related research that indicate that objective and subjective competences are reciprocally related (cf. Marsh et al., 2017). Neglecting competence beliefs in trainings can therefore lead to a lower success of training.
In the context of education, the most investigated competence beliefs are
self-concept and self-efficacy. While being closely related concepts, selfconcept and self-efficacy differ in operational and conceptual aspects (e.g.
Bong & Skaalvik, 2003, for details, see below) and can independently influence workplace performance and performance-related outcomes such as job
satisfaction (Stajkovic & Luthans, 1998).
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8.2.2.3 Digital Competence BeliefsSelf-Concept
Self-concepts describe the knowledge of one’s own abilities and represent an
individual’s evaluation of their perceived competence (Brunner et al., 2010).
Prior research has identified four sources of self-concepts. First, one of the
most important sources are the comparisons within different frames of references (cf. Harter, 2012; Trautwein & Möller, 2016). Individuals compare
their perceived performance with others (external frame of references) or with
their performance in the past and across different performance domains (internal frame of reference (cf. Möller & Marsh, 2013). Second, individuals
causally attribute previous success and failure to their own competences.
Thus, competences influence self-concept as well as later performance attributions. Third, an individuals’ self-concept is formed by reflected appraisals
from significant others (e.g. positive evaluations of one’s own skills) and,
fourth, from mastery experiences (successful experiences in handling specific
requirements) (Bong & Skaalvik, 2003).
Previous research indicates that self-concepts (i.e. academic selfconcepts) are positively associated with learning behavior and academic
achievement (e.g. Marsh et al., 2017). Further, self-concepts influence academic and professional choice behavior (Marsh & Yeung, 1997; Holling,
Lüken, Preckel, & Stotz, 2000). Although most self-concept research has
focused on an educational context, there are findings that underline the positive effects of self-concepts in the workplace (e.g. job competence selfperception, Harter, 2012). These findings indicate that a positive self-concept
is related to a high level of job performance and job satisfaction (Judge et al.,
1998).
Research concerning the more specific self-concepts related to the use of
digital systems in the work context remains scarce. Empirical studies have
thus far focused on the role of gender in differences in computer- specific or
technology-specific self-concept. For example, Janneck, Vincent-Höper, and
Ehrhardt (2012a) report gender differences in favor of male IT students. Additionally, they report significant correlations between computer self-concept
and intrinsic career motivation for both genders. Similar results have been
shown for employees in technical professions and have related self-concept to
career success (Janneck, Vincent-Höper, & Othersen, 2012b). Thus, selfconcepts might comprise an important resource for optimal career development (Wild & Möller, 2015; Beheshtifar & Rahimi-Nezhad, 2012). However,
apart from the computer-/technology self-concept studies, there are no findings on self-concepts in the context of digital systems.
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8.2.2.4 Digital Competence Beliefs – Self-Efficacy
Self-efficacy relates to the confidence of individuals to successfully perform a
specific task (Bandura 1997; Bandura 2001). Sources of self-efficacy partly
overlap with those of self-concept. First, successful actions that an individual
attributes to their own abilities (mastery experience) have been called the
most important source of self-efficacy (Britner & Pajares, 2006; Bandura,
1982). Second, by observing others successfully performing a task (vicarious
experience), an individual’s self-efficacy may be increased if the individual
interprets the observed person to be similar to themselves (Bandura, 1977).
Third, verbal persuasion and feedback from significant others influence the
individuals’ judgments of self-efficacy. For positive effects of feedback, the
people giving feedback need to be viewed as competent, and the feedback
must be judged as realistic (Bong & Skaalvik, 2003). Finally, physiological
states (especially arousal or stress reactions) can impact the individual’s own
judgment of their confidence (Bandura, 1977).
In the work context, self-efficacy is more extensively researched than is
self-concept. Previous research indicates that self-efficacy is related to multiple positive outcomes, such as higher job satisfaction, lower levels of workrelated stress, and improved work performance (Judge et al., 1998; Stajkovic
& Luthans, 1998). With respect to work digitalization, there is long-standing
literature on self-efficacy research regarding the relationship of individuals
with digital systems (computer, internet, and ICT/technology-related systems).
Computer-specific self-efficacy is a central construct in studies of how
humans interact with computers. In their review of research on computer selfefficacy, Agarwal, Sambamurthy, and Stair (2000) show that computer selfefficacy is highly related to how individuals interact with and react to technology, especially when the technology is newly introduced into their work
context.
Internet self-efficacy describes the individuals’ confidence in interacting
with the internet (e.g. using applications; Torkzadeh & van Dyke, 2002).
Internet self-efficacy differs from computer self-efficacy in that individuals
must already have basic computer skills in order to access and use the internet
(Eastin & LaRose, 2000). Internet self-efficacy focuses on behaviours that
individuals accomplish by applying skills (e.g. finding information online)
rather than by applying component skills (e.g. using HTML code to program
a website).
ICT and technology-related self-efficacy are broader and focus on general competence beliefs concerning the interaction with different types of
technology (Rohatgi, Scherer, & Hatlevik, 2016). Similar to other types of
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technology-related self-efficacy, prior technology use in work or private life
is a predictor of ICT self-efficacy (Rohatgi et al., 2016).
Studies on general (e.g. technology self-efficacy) as well as more specific
measures of technology related self-efficacy (e.g. the differentiation of beginner and advanced skills, Torkzadeh & Koufteros, 1994) have consistently
offered results indicating a strong relationship with work outcomes as well as
the use of digital systems.

8.2.3 The Importance of Digital Competence Beliefs when
Interacting with Digital Systems
8.2.3.1 Effects on User Reactions
Positive competence beliefs are related to multiple positive work outcomes,
such as higher job satisfaction, lower levels of work-related stress, and improved work performance (Judge et al., 1998; Stajkovic & Luthans, 1998).
Similarly, in the context of using digital systems, competence beliefs may
play a central role in effectively interacting with these systems and influence
central user reactions: stress and trust. These user reactions have previously
been related to successfully interacting with digital systems; for example, they
determine how likely an individual will rely on a digital system (e.g. Parasuraman & Manzey, 2010)
Stress as a reaction occurring when individuals use digital systems (i.e.
technostress) is a well-studied concept (e.g. Ayyagari, Grover, & Purvis
2011; Tarafdar, Tu, Ragu-Nathan, & Ragu-Nathan, 2007; Weil & Rosen,
1997). Technostress is central to how users interact with digital systems (Ayyagari et al., 2011). It has been related to engagement with digital systems at
the workplace and subsequent work behavior (Zylka, Christoph, Kroehne,
Hartig, & Goldhammer, 2015). Positive competence beliefs can reduce technostress. For example, previous research indicates a strong relationship between the experience of technostress and the individual’s level of self-efficacy
(Shu, Tu, & Wang, 2011). Furthermore, Tarafdar, Pullins, and Ragu-Nathan
(2015) argue that by enhancing technology-related self-efficacy, the levels of
technostress can be decreased. Self-concepts relating to digital systems have
not yet been related to technostress. However, research indicates a negative
relationship with related affective reactions, such as the experience of anxiety
(e.g. Zylka et al., 2015).
In addition to technostress, previous research has identified trust as a
cognitive reaction that is central to how users interact with digital systems
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(e.g. Venkatesh, Morris, Davis, & Davis, 2003). Trust has been related to the
engagement with digital systems at the workplace and subsequent work behaviour (Zylka et al., 2015). Concerning self-efficacy, the research findings
indicate a positive relationship between technology-related self-efficacy and
trust in newly introduced digital systems (Madhavan & Phillips, 2010; Goddard et al., 2012; Zhou, 2012). Again, there is a lack of research combining
technology trust and self-concepts. In the field of human factors, however, the
broader concept of self-confidence has been correlated to trust in digital systems (Goddard et al., 2012). To conclude, in digital systems in the work context, empirical findings emphasize the relation between self-efficacy and user
reactions of technostress as well as trust. However, research with respect to
self-concept in the digital context is still scant. Therefore, focusing on the
individual factors of competence beliefs, RQ 2 examines how self-concept
and self-efficacy are related to the user reactions of technostress and trust in
digital systems.
8.2.3.2 Individual Differences in Promoting Digital Competence Beliefs
To develop effective trainings and to better adapt the training to group specific needs, it is important to explore individual differences in digital competence beliefs and related user reactions. Prior research has identified such
differences, particularly with respect to gender, age and experiences with
digital systems.
Gender. Research has shown consistent results concerning gender differences in competence beliefs (i.e. self-concept and self-efficacy). In the context of technology-related/computer-related self-concept, studies with ITstudent samples point to gender differences favouring males (Janneck et al.,
2012a). For example, Janneck, Vincent-Höper, and Oerthesen (2012) showed
that technology-related self-concept was in general positively related to career
success and that this relationship applied to a greater extent to females. Similar results were found in studies on computer self-efficacy (Cassidy &
Eachus, 2002; Vekiri & Chronaki, 2008). Moreover, recent research has
indicated that male students tend to overestimate their digital competences
(their competence beliefs are higher than their objective competences),
whereas female students tend to underestimate their competences (e.g. Litt
2013; Vekiri & Chronaki, 2008). As described in Section 8.1.2, low competence beliefs as well as an underestimation of one’s competences can be detrimental for performance-related outcomes. This highlights a need for the
implementation of interventions to promote competence beliefs within professional trainings in the work context, especially for females.
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Age. Some studies point to the older employees’ (>aged 55) problems in
coping with the implementation of new technologies in the workplace (e.g.
Gray & McGregor, 2003). This is due partly to a lack of competence beliefs
(e.g. Marquié, Jourdan-Boddaert, & Huet 2002), the absence of which is
accompanied by negative attitudes (e.g. Beas & Salanova, 2006) and anxieties relating to new technologies (e.g. Delgoulet, Marquié, & Escribe, 1997).
For example, there is evidence that older workers have lower computer selfefficacy than do younger employees (Czaja & Sharit, 1998) and seem to underestimate themselves more in their digital competence than younger ones
do (e.g. Marquié et al., 2002). Lower competence beliefs may be an obstacle
for employees to learn and therefore to benefit from trainings. For example,
results from a study with employees in the IT sector showed that positive
attitudes (that are associated with self-concept) towards digital systems is
positively related to training effects (Beas & Salanova, 2006). Thus, it is of
particular importance to promote competence beliefs, especially those of
older employees.
Experiences with digital systems. Results from a study with the German
sample of the PIAAC study have shown that the adults’ individual experiences with digital systems (i.e. the continued usage of digital systems at work and
in everyday life) are positively related to digital competence (Wicht, Reder, &
Lechner, 2019). Previous research with student samples indicates that the
experience with digital systems (i.e. computers) and access to these systems
are positively related to computer self-efficacy (Tondeur, Sinnaeve, van
Houtte, & van Braak, 2011; Hatlevik, Throndson, Loi, & Gudmundsdottir,
2018) and objective digital competences (Fraillon, Ainley, Schulz, Friedman,
& Gebhardt, 2014). Thus, a lack of access to digital technologies accompanied by a lower frequency of technology use can promote inequalities between employees in digital competences.
To summarize, females and older employees may have lower digital
competence beliefs; therefore, there is a stronger need for support for these
groups. It becomes clear that mainly competence beliefs or misjudgements
(over-/underestimation) of competences are problematic for the success in
handling digital systems. Thus, the promotion of competence beliefs should
be an integral part of trainings at work (not just the promotion of only objective digital competences). In order to understand how competence beliefs can
be improved through training approaches, particularly in situations involving
the use of digital systems at work, we should take the competence beliefs’
sources and consequences into account. Therefore, as RQ 3, we aim to explore what kind of support employees need in order to acquire and to develop
digital competence beliefs and what training approaches might be effective.
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8.3 Research Questions
In the present chapter, based on the aforementioned overview of the current
literature and using our data from two random samples (see Section 8.3), we
examine two central research questions (RQ). RQ 1 concerns the concept of
digital competences as a whole (objective competences and subjective competence beliefs). We ask our participants to identify what comprises these
competences at the workplace. Knowing the difference between objective and
subjective competences and the importance of competence beliefs for workrelated outcomes (see Section 8.1), second, we investigate if competence
beliefs are related to the employee user reactions of technostress and trust in
digital systems (RQ 2). Third, since digital competence beliefs at the workplace are important factors for the employees’ outcomes, we explore what
kind of support employees need in order to develop these competence beliefs
and what training approaches could be effective in practice (RQ 3).

8.4 Methods: Samples and Study Designs
For the practitioner view, we collected quantitative (online survey) and
qualitative data (semi-structured interviews) from two different samples.
Sample 1 was assessed through an online survey in 2018 and comprises N=11
Human Resources Managers (HRMs) from different industries in Germany
(e.g. banking, hospital, and public administration). The participants were
asked to identify challenges and opportunities they see with the introduction
of digital systems, that is, information and communication technology (ICT).
Three independent coders assigned the participants’ statements to the five
competence areas of DigComp 2.1. With no differences between raters, the
inter-rater reliability was r = 1.00, calculated with Krippendorf’s alpha
(Krippendorf, 2013) In the assignments, there were no statements that could
not be assigned to a competence area. Data from Sample 1 were used to
answer RQ 1.
Sample 2 was collected within an online survey conducted with German
employees from different industries in 2019. The participants were acquired
via social networks (e.g. Xing, Facebook) and via the mail distributor of one
southwestern German university. The total number of participants (64.9%
female) was N=37 (85.2% were under 49 years old, and 14.8% were above 50
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years). The participants were asked to think about their workplace and then
answer questions about the consequences of the introduction of digital systems in the context of digitalization at their workplace. In detail, participants
answered self-concept questions (5 items, Cronbach’s alpha (α = .97, e.g. “I
am good at using digital systems”; Schauffel, 2019) and SE questions (20
items, α =.70 e.g. „I am very unsure about my abilities in dealing with computers”; Spannagel & Bescherer, 2009). In addition to the relevant constructs,
the following variables were also collected: technostress (3 items, α =.95;
Ayyagari et al., 2011) and trust in digital systems (3 items, α = .92; Hertel et
al., 2019). Data from Sample 2 were used to answer RQ 2.

8.5 Results
8.5.1 Digital Competences
In practice as in the literature, there is an increasing interest in which competences employees must supply in the course of digitalization. According to
RQ 1, the different sample 1 (N=11) statements concerning competence requirements for successfully dealing with different applications and tasks in
digital work environments were collected and compared with the competence
areas mentioned in DigComp 2.1 (Carretero et al., 2017). The percentage of
responses in the different competence areas is presented in Figure 1.
Information and data literacy. HRMs particularly stated that employees
must be able to access local or networked data storage. In line with DigComp
2.1, employees need the competence to search for data and information as
well as to analyse and compare information and digital contents. Further,
employees must have the competence to manage, store, and retrieve data,
information, and content in different digital environments (e.g. personnel
management systems), although practitioners emphasized this skill less often.
The competence to critically evaluate data and sources of data was not explicitly mentioned.
Communication and collaboration. Among the practitioners, the second
competence area appears to be of particular importance. For example, as a
necessary competence, practitioners listed the employees’ ability to use internal communication platforms, the intranet, or the share-point platforms of
work groups. Employees should also be able to work with different digital
communication systems, such as email programs or group drives. According
to DigComp 2.1, employees should be able to use a variety of digital systems
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for collaborative processes, as well as for co-construction and the co-creation
of data, resources, and knowledge. Additionally, some of the HRMs mentioned that in their organizations, business meetings are often coordinated via
digital calendars (e.g. Microsoft Outlook) and that important documents are
foremost sent digitally instead of analogously (competence to share data,
information and digital content). However, as formulated in DigComp 2.1, the
competences cultural and generational diversity awareness or the ability to
protect one’s own reputation were not listed by the HRMs. The digital competence to participate in society seems to be less relevant in practice.
Digital content creation. The third competence area is associated in practice with only few competences. Most of the practitioners mentioned that
employees should have the competence to complete business results by a
fixed time or to generate digital graphs and diagrams. Further, in specific
organizations such as hospitals, it may be necessary to be able to create and
manage digital personnel files and to develop digital shift plans. However,
practitioners did not report an employee relevance for all digital competences,
for example, the ability to edit digital content in different formats or as described in DigComp 2.1, the ability to understand how copyright and licenses
apply to data and digital information.
Safety. The fourth competence area, which comprises the employees’
competences to protect personal data and privacy, to know about safety and
security measures, or to be able to protect oneself and others from possible
dangers in digital environments, was only mentioned indirectly as risk management, information security, or in the context of protected accesses for
teleworkers or home workers (VPN tunnel). This is surprising in view of the
increasing importance of data protection regulations in society in the face of
increasing digital security threats (see the EU General Data Protection Regulation 2016/679 European Union 2016).
Problem solving. The fifth competence area mentioned by practitioners
was problem solving. Some noted that for all digital systems, employees must
receive trainings related to the competence needed to understand where one’s
own digital competence needs to be improved. In DigComp 2.1., the area of
problem solving combines two aspects: solving content problems with the
help of digital systems and solving technical problems that occur in the use of
digital systems themselves. Concerning the latter, practitioners tend to see
these competences as being the responsibility of IT specialists.
To summarize, regarding RQ 1, HRMs agree that many of the digital
competences mentioned in the DigComp 2.1 are relevant in the workplace.
Especially in the area of communication (internal and external) as well as in
the area of storage and processing of data, the practitioners report that to face
the challenges of digitalization, employees need a wide range of skills men-
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tioned in DigComp 2.1. In contrast, practitioners hardly ever mention the
competence area of safety. However, the area of problem solving was only
narrowly mentioned (i.e. technical problems whose solution is not the responsibility of the individual employee) and actually seems of less importance in
practice.
Figure 1: Percentage of responses categorized by the competence areas mentioned in
the DigComp 2.1

Notes. Sample 2, N=11; multiple answers possible.

8.5.2 The Importance of Digital Competence Beliefs regarding User
Reactions
Corresponding to theoretical findings (see Section 8.1.3), in RQ 2, we examined the importance of competence beliefs amongst practitioners. Selfconcept and self-efficacy were investigated in relation to user reactions, specifically technostress and trust in digital systems (Sample 2; N=37), Concerning technostress, our results revealed that employees who believe that they are
able to handle digital systems at work (self-concept) and who believe they
will successfully master challenges with digital systems (self-efficacy) experience less technostress (self-concept: r = -.55, p < .001; self-efficacy; r = -.81,
p < .001). Likewise, with respect to the trust in digital systems, we found self-
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concept (r = .54, p < .001) and self-efficacy (r = .40, p < .01) to be positively
correlated. This means that employees who feel that they are able to deal with
digital systems and who experience confidence in handling digital systems
also trust these systems more than do employees with lower self-concept or
self-efficacy.
Both self-concept and self-efficacy are related to technostress and trust in
digital systems. Interestingly, self-efficacy has a stronger relation with technostress than does self-concept, whereas with respect to trust in digital systems, the findings are the reverse. This result might be explained by the conceptual differences between the two constructs: self-concept is past-oriented,
and self-efficacy is future-oriented (see Section 8.1.2). Future-orientation
implies that self-efficacy is an individuals’ belief that upcoming challenging
situations and environmental demands (stressors) can be managed, and findings show the positive effect of a high self-efficacy on stress in diverse contexts (Bandura 1977, 1997). The higher relation between self-concept and
trust may be explained by the fact that self-concept is domain-specific, and
trust in digital systems is a domain (includes various digital systems). Selfefficacy however refers primarily to trust in the handling of concrete digital
tasks (Agarwal et al., 2000). In sum, the findings underscore the need in future studies to consider self-concept and self-efficacy separately when investigating the reactions of users interacting with digital systems. Furthermore, if
the importance of both competence beliefs for user reactions is significant, the
question arises as to how these can be promoted practically.

8.5.3 Effective Trainings to Foster the Self-Concept and Self-Efficacy
of Employees using Digital Systems
In the following, to answer RQ 3, we present selected results from previous
research that aim to promote competence beliefs in different performancerelated contexts in general and specifically concerning the use of digital systems.
Promoting competence beliefs through training has a long tradition in
learning contexts, especially in education (e.g. increasing student’s grades,
Wilson & Linville, 1985; see also O'Mara et al., 2006; van Dinther, Dochy, &
Segers, 2011), but also in the workplace in general (e.g. supporting job applicants; Latham & Budworth, 2006; Shantz & Latham, 2012). However, trainings specifically designed to promote digital competence beliefs are scarce.
There is some evidence that suggests that effective trainings of digital competence beliefs should target self-concept and self-efficacy indirectly by targeting their related constructs (e.g. through skill-building interventions; Biesch-
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ke, Fouad, Collins, & Halonen, 2004) or enhance both competence beliefs by
directly affecting their major sources (e.g. frames of reference and mastery
experiences). This is in line with the results from studies that evaluated trainings to promote competence beliefs in more general contexts (i.e. in education
and at work). We assume that effective elements of trainings in more general
contexts are also valid for specific contexts such as dealing with digital systems. Furthermore, studies in educational contexts showed that interventions
that aim to improve performance by promoting skills as well as competence
beliefs, prove to be among the most effective interventions (see O’Mara et al.,
2006). This may also apply for digital competences. The success of such
interventions may be explained by the fact that due to the increased (digital or
general) competences, employees have the chance to accumulate mastery
experiences for example in interacting with digital systems. This engagement
in turn increases their self-concept and self-efficacy (Bong & Skaalvik, 2003).
However, it is important to make sure that, employees not only collect mastery experiences in handling digital systems but also attribute their successes
internally (i.e. to their own competences or exercise) and attribute failure to a
lack of exercise instead of a lack of competence (Dresel & Ziegler, 2006).
Such an attribution style is beneficial for high but realistic competence beliefs
and is, for example, the aim of the attribution-persona-toolkit (Niels, 2019)
developed to foster computer-specific self-concept.
Another important aspect that is particularly true for handling digital systems, is the expected benefit that individuals attribute to the use of such systems, which again results in the acceptance of digital systems. As described in
classical models of technology acceptance (e.g. Holden & Karsh, 2010; Venkatesh et al., 2003), if a digital system provides an employee with benefit in
their work processes (e.g. time saving), this leads to a positive evaluation of
the digital system and thus a higher probability of using the system. The regular use of the digital system can then again lead to mastery experiences that
increase self-concept and self-efficacy. The satisfaction with digital systems
can be promoted in particular by the employees’ participation. We know from
organizational change research that the possibility to participate (e.g. in workshops) can positively influence employees’ behavioural intentions and subsequent behavior with regard to the use of changed or new digital applications
and technologies (e.g. Venkatesh et al., 2003).
In sum, in today’s world of the digitalized workplace, employees’ competence beliefs, such as self-concept and self-efficacy, are just as important as
objective competences and should be equally be encouraged by training. High
but realistic competence beliefs are an important resource to cope with chang-
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ing and increasingly intelligent digital systems and should therefore be an
incremental component of training in the work context.

8.6 Limitations and Implications
So far, there has been a lack of research on digital competences (especially
research regarding digital competence beliefs) in the work context. Our findings provide initial indications and do not represent comprehensive research.
Consequently, there are some limitations, which will be briefly mentioned. To
begin, our findings have limitations based on the two samples. We only collected data from German employees and HRM’s. This makes it difficult to
generalize the statements to other countries and work environments. Thus,
future research should investigate digital competence beliefs in larger samples
(e.g. employees, HRMs) in various regions and countries (e.g. across Europe)
and in diverse work environments (e.g. IT industry). Concerning different
English-speaking countries, the term digitalization is handled differently
(Mertens & Wiener, 2018); thus, an adjustment of single items of the measurements of digital competence beliefs might be necessary.
Furthermore, the cross-sectionality of the data from Sample 2 does not allow a statement about the causal relationships between competence beliefs
and technostress or trust in digital systems. Nevertheless, the findings provide
initial indications of theory-compliant relationships between competence
beliefs and outcomes. In future studies, the relation between competence
beliefs and work-related outcomes, such as performance, satisfaction and
health, should also be examined by using longitudinal designs, as done in the
educational context (Bandura, 1997; Jerusalem & Schwarzer, 1992). Note
that the educational and work context have several common aspects, for example, the transfer of knowledge and the possibility to experience successes
and disappointments that alter one’s competence beliefs. Consequently, it is
plausible to generalize from the educational to the work context, the findings
on the relation between competence beliefs and other factors, for example,
health variables.
Other limitations are the scales used to assess the competence beliefs.
The measurement of self-concept is based on a newly developed scale that
has been validated in one study, and further validation studies are still ongoing (see Schauffel, 2019). Nevertheless, it should be noted that an initial development of the self-concept scale will make an important contribution to
future research in the field of digital competences.
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8.7 Conclusion
Based on the literature and aligned with the results from our three samples, it
can be stated that employees require various digital competences in order to
cope with work-related changes in the course of digitalization (e.g. OECD,
2016). This competence acquisition need makes trainings and life-long learning more important than ever (Curtarelli, Gualtieri, Jannati, & Donlevy,
2017). In many cases, however, objective and subjective competences do not
coincide (e.g. Trautwein & Möller, 2016), and the fact that individuals differ
in support needs has implications for trainings. As competence beliefs are
associated with desirable outcomes (e.g. less technostress, Ayyagari et al.,
2011; high learning and achievement motivation, Guay, Marsh, & Boivin,
2010) and as competence beliefs are malleable constructs, intervention strategies are useful to improve competence beliefs in the work contexts. To promote competence beliefs, concrete training approaches, for example, the
creation of positive mastery experiences in dealing with digital systems or the
provision of targeted feedback from superiors in the testing of new digital
systems (van Dinther et al., 2011; Schunk, 1991), should be implemented and
analysed.
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9 Microlearning via Smartphones in VET for
Professional Drivers: The Case of Securing Cargo
for International Transport
Andreas Korbach & Helmut M. Niegemann

9.1 Why Microlearning in VET?
Truck drivers and other employees in the domain of international transport
need periodical training in securing cargo. The topic is especially important as
many truck accidents are the result of faulty loading practices. A main problem
in this area is the distribution of the training, as it is difficult to foresee when
groups of professional drivers will be at a specific location. Hence, mobile
learning approaches are suitable for these addressees, as they need a flexible
solution with regard to mobility and time constraints. One approach that meets
these requirements is microlearning with microcontent. Microlearning refers
to technology-based learning, mostly using portable devices (smartphones,
tablets) and rather short learning units including videos, text and pictures,
which make up microcontent (Hug, 2010). The goal of the project LaSiDig
(Ladungssicherung im intermodalen grenzüberschreitenden Transport von Gütern: cargo securing for intermodal international transport of goods) is to develop a mobile application for microlearning with microcontent for professional truck drivers. The primary learning objective of the application is learning to properly secure cargo. Beyond learning with the microcontent developed
by trainers, the drivers should additionally produce case-based microcontent
on their own, using photos and videos of their own solutions to loading problems. Users can upload this case-based microcontent to the application to share
it with the community of app users in order to foster collaborative knowledge
construction through discussion about the solutions to loading problems. As
different media competencies are required not only for the use of the app with
mobile devices, but also for the production of such microcontent, the assessment and fostering of media competence is also an important part of the project. As partners of the project LaSiDig we are going to develop microcontent
for the second learning objective, which is media competence, and we explore
the use of microcontent accessible via a smartphone application for microlearning activities of professional drivers. To start with the development of
microcontent the first question to be posed is about the definition of microcon-
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tent and microlearning, followed by an analysis of appropriate design principles for self-paced learning with multimedia microcontent and considerations
for microlearning based on the DO ID model (Niegemann, 2019).

9.2 The very idea of microlearning in VET
9.2.1 A definition of microlearning?
New media offer a wide range of short contents and chunks of information.
Blogposts, tweets, podcasts, short messages and all kind of information chunks
that can be shared with social media seem to carry information in a format that
is highly accepted by the consumer. One reason for high acceptance of these
information chunks might be the lifestyle fit and the use of short contents for
daily tasks or for in-between and on-demand learning activities (Buchem &
Hamelmann, 2010). These kinds of information chunks can be classified as
microcontent that is assumed to support learning, specifically informal or
work-based learning under given time constraints and to help the learner to
build up a customized individual learning process that can be adjusted and regulated as required. Microcontent can be defined by criteria of time and content
(Hug, 2007). The content should cover a narrow topic that can be processed
within a comparatively low amount of time. Moreover, microcontent can be
used for microlearning activities that can be defined by the same criteria of
time and content whereby microlearning activity may involve more than one
chunk of microcontent (Hug, 2007). The use of microcontent is also fostered
by recent digital technologies as small chunks of information can be easily
built, consumed, shared, stored and reused, not only with desktop computers,
but also with mobile devices. These advantages increase flexibility and make
it easy to integrate the processing of up to date information for daily life or to
make a collection of relevant content with regard to individual needs and prerequisites. Following these features of microcontent, small information chunks
can support self-directed learning in many ways and in many domains (Hug,
2010). A popular example for the purpose and intention of microcontent and
microlearning activities may be video tutorials to teach someone how to use a
given software application. Although the learning objective is considerably
complex and includes in sum all functions of the application, the whole objective is chunked down to small information units that teach single functions of
the applications so that the videos are short and cover a narrow topic Thereby
it is not necessarily a prerequisite to follow a strict step-by-step sequence of
information chunks, but one can decide with regard to individual prior
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knowledge where to start. Single chunks can be used as just in time information
when they are needed, or one can make a collection of the videos that are most
important with regard to a given task. Of course, the learner can also work out
the whole learning objective but microcontent offers the possibility to do this
in a highly flexible and integrated manner, at one’s own speed and within given
time limits. Thus the format of microcontent and microlearning activities do
not only meet the pulse of time but also several considerations and principles
of learning theories as the cognitive theory of multimedia learning (CTML;
Mayer, 2001, 2005) , cognitive load theory (CLT; Plass, Moreno, & Brünken,
2010; Sweller, van Merriënboer, & Paas, 1998) or models of self-regulated
learning (SRL; Boekaerts, 1999; Zimmerman, 2000). The relation between
these theories and microlearning with regard to the design of microcontent will
be discussed in the following section.

9.2.2 Microlearning and CTML
The goal of CTML (Mayer, 2014) is to explain learning with regard to
information processing and to foster the cognitive processes of information
selection, organization and integration. The basic assumptions of CTML are a
limited working memory capacity for the processing of information and that
learning is an active process that consumes working memory capacity. The
essential assumption of CTML is the dual channel assumption with separate
channels for the processing of visual/pictorial and auditory/verbal information.
Based on the dual coding theory of Paivio (1986) and the working memory
model of Baddeley (1986; Baddeley & Hitch, 1994), CTML considers two
sensory modalities, that is visual or auditory, as well as two processing
modalities, that is pictorial or verbal. Thereby each processing channel has its
own capacity limitation and the processing modality of one channel can be
transferred to the other channel via cross-channel processing, e.g. when a
verbal representation is built because of pictorial information. The multimedia
principle (Mayer, 2005) therefore states that information should be presented
with respect to the two processing modalities as a combination of text and
picture information to make use of the available processing capacity of both
channels. Moreover, the modality principle (Moreno, 2006) states that verbal
information should be presented auditory and pictorial information should be
presented visually to make use of the two sensory modalities and to avoid
unnecessary cross-channel processing. Thereby the redundancy principle
(Mayer & Moreno, 2003) states that the use of two sensory modalities and both
processing channels is only beneficial for corresponding verbal and pictorial
information but not for redundant verbal and pictorial information.
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Concerning the design of microcontent CTML suggests using combinations of
verbal and pictorial information, to present verbal information in an auditory
fashion and pictorial information visually. Additionally, avoiding redundancy
of text and pictures presenting identical information also fits the idea of microcontent. As microcontent should be easy to process in a relatively short amount
of time the combination of auditory verbal and visual pictorial information,
e.g. as video format, not only fits the model of information processing but also
saves time. The same is true for redundancy, e.g. a video with auditory verbal
information should not present the same verbal information as subtitles. With
respect to the temporal and content requirements of microcontent the suggestions of CTML can help to meet these requirements. The design of information
chunks that are easy to process should pay attention to cognitive architecture
of processing channels and foster most efficient information processing. However, it should also be considered that not every learning objective needs two
presentation modalities or profits form multimodality, e.g. if there is no relevant pictorial information to support information integration.
CTML (Mayer, 2001) and CLT (Sweller, 1998) are closely related, share
several basic assumptions, focus on similar cognitive processes and can both
be used to explain the popular effects of multimedia learning. Although the
multimedia principle, the modality principle and the redundancy principle are
somehow more CTML, the effects can also be explained by CLT and means
of cognitive load. The other way around CTML provides also explanations for
effects that are more CLT, for example the split attention or the spacing effect
(Mayer & Moreno, 2003) that will be described in the following section.

9.2.3 Microlearning and CLT
The goal of CLT (Sweller, van Merriënboer, & Paas ,2019) is to avoid cognitive overload with regard to information processing. Similar to CTML the
basic assumptions of CLT are a limited working memory capacity for the processing of information, and that learning is an active process that consumes
working memory capacity. The essential assumption of CLT is that cognitive
capacity consumption is due to different factors of cognitive load with regard
to active schema construction and design features of the learning instruction.
The early model of CLT (Sweller, 1998) considers three distinguishable factors
of cognitive load that is extraneous cognitive load (ECL), intrinsic cognitive
load (ICL) and germane cognitive load (GCL). Therein ECL is the part of cognitive load that arises because of design features of the learning instruction,
ICL is the part of cognitive load that arises because of task complexity and
GCL is the part of cognitive load that arises because of schema construction.
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ECL is seen as additional load that hinders schema construction and should
therefore be reduced to a minimum. ICL can be defined by element interactivity and depends on the number of information elements that need to be integrated to a new schema within a given learning task. With regard to the assumption of limited cognitive resources and an additive relation of ECL and
ICL, GCL depends on the remaining cognitive resources for schema construction. In sum, CLT suggests reducing ECL for a given ICL to save resources for
GCL. However, the early model of CLT was revised (Choi, van Merriënboer,
& Paas, 2014; Kalyuga, 2011) because of the close relationship of ICL and
GCL, as the cognitive load that arises from schema construction depends on
element interactivity. The recent model of CLT considers GCL no longer as a
separate factor that adds up to total cognitive load, but as the amount of working memory resources that is actively redistributed to learning activities
(Sweller et al., 2019). Most design principles that consider CLT aim on a reduction of ECL by efficient instructional designs and a resource saving presentation of information that avoids unnecessary processing. The split attention
principle (Ayres & Sweller, 2014) suggest that corresponding information that
needs to be integrated to a coherent mental model should also be presented in
an integrated format. Spatial or temporal distance between corresponding information forces the learner to split attention with regard to the processing and
integrating of information from distinct sources, e.g. from text and picture. For
the process of schema construction, textual and pictorial information must be
simultaneously available in working memory and spatial or temporal distance
of information presentation thereby increase ECL and the demands on working
memory. Another ECL effect that supports the suggestion not to split or distract the attention of the learner is the seductive details effect (Korbach,
Brünken, & Park, 2016). Seductive details describe additional, highly interesting information with the intention to increase the learners’ interest and motivation. Although the additional information can be related to the learning objective, the additional information is not necessary to achieve the learning goal
and therefore causes unnecessary processing and an increase of ECL. With respect to learner characteristics the effect of instructional interventions to reduce ECL and to foster schema construction may also change as a function of
prior knowledge. This effect is called expertise reversal effect (Kalyuga,
Ayres, Chandler, & Sweller, 2003) and describes why instructional interventions that are helpful for low prior knowledge learners can hamper learning for
high prior knowledge learners at the same time. In this case the design features
that foster schema construction for low prior knowledge learners cause unnecessary processing for high prior knowledge learners and increase ECL, however only for high prior knowledge learners. One more effect with a strong
relation to individual learner characteristics is the spacing effect (Chen, Castro187

Alonso, Paas, & Sweller, 2018) that suggests spaced information presentation
instead of massed information presentation. The effect is explained by a depletion of working memory resources due to massed practice or information processing. Although this effect shows no direct relation to the distinct cognitive
load factors, one can assume that segmented information processing that is interrupted by pauses is favored over massed information processing. This suggestion pays attention to individual limitations of working memory capacity
and changes in available resources with regard to learning time.
Concerning the design of microcontent the split attention principle suggests that information should be presented as an integrated format. If verbal
information cannot be presented auditory simultaneously to visual information
as suggested by the modality principle (Moreno, 2006), the verbal information
should be integrated with the pictorial information. Considering the comparatively small size of mobile devices, it can be hard to avoid temporal or spatial
distance between corresponding information. Text and picture information is
often presented as a sequence with text following the picture or the other way
around because both pieces of information cannot be presented simultaneously
on the screen, for example side by side as is common on larger displays. One
possibility to reduce split attention is the format of interactive pictures that fade
in additional information over a picture where and when it is needed due to an
interaction with specific areas of the picture. With regard to the seductive details effect microcontent should not contain any kind of decorative pictures that
may distract the learner’s attention from processing important information. All
information that is presented will be processed by the learners and will therefore not only increase processing time but also cognitive load. The suggestion
to include only relevant information fits with the idea of microcontent and
saves cognitive resources. As each chunk of microcontent should cover a narrow but complete topic, the format also pays attention to the expertise reversal
effect. High prior knowledge learners can choose where to start and what to
learn next with regard to their individual prerequisites. In this way the structuring of microcontent and the segmenting of the microlearning activity avoids
unnecessary information processing as the learners can choose to process only
necessary information with regard to the learning objective. The idea of narrow
but complete topics also meets the spacing effect, and as the learners are free
to decide when to pause also the assumption of working memory depletion.
The format of microcontent is not only appropriate to increase flexibility, but
it also pays attention to individual learner differences with regard to cognitive
demands and capacity.
As one basic assumption of CTML (Mayer, 2001) and CLT (Sweller,
1998) is the limited capacity of working memory with regard to the working
memory model of Baddeley (1986; Baddeley & Hitch, 1994) the functions of
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the central executive may establish the connection to the process of SRL (Zimmerman, 2000). Although the question if the process of SRL consumes working memory resources is currently discussed, it can be assumed that the necessity of SRL depends on an interaction of task demands and learner characteristics (Seufert, 2018) similar to the design principles of CTML and CLT.

9.2.4 Microlearning and SRL
The goal of SRL theories is to explain how learners regulate the learning process. Component models of SRL, for example the one of Boekaerts (1999),
explain SRL as a function of competencies on a cognitive, metacognitive and
motivational level. In contrast process models, for example the one of Zimmerman (2000), explain SRL as cyclical phases of self-regulation during the
learning process. With regard to SRL as a competence and relatively enduring
learner characteristic, specifically the learners’ prior knowledge about cognitive, metacognitive and motivational strategies, but also the ability and willingness to use them is of importance for the process of SRL (Wirth & Leutner,
2008). Whether or not the self-regulation competence can be taught is recently
discussed, nevertheless it should be assumed that SRL can be improved by
practice (Sweller & Paas, 2017). In general, SRL begins with the learners’ decision to learn something (de Bruin & van Merriënboer, 2017). As learning is
an active process that needs effort over time for information processing and
schema construction, the learners decide about the invested effort for the learning activity and finally evaluate the results with regard to their goal settings.
Zimmerman’s model (2000) describes this process with respect to the phase of
forethought, the phase of performance and the phase of reflection. The forethought phase includes goal setting, planning the use of appropriate cognitive
strategies, and strategies of self-motivation with regard to the task requirements. The performance phase includes the use of strategies and self-monitoring with regard to cognition, emotion, task demands and one’s effort. The
phase of self-reflection includes self-assessment with a review of strategy use
and causal attribution as well as the self-reaction concerning emotional states
and a revision of goal settings. With regard to the results of self-reflection the
learning process can be adjusted and starts with a new cycle of self-regulation.
Thereby the need and success of self-regulation might vary as a function of
task demands and learner characteristics.
In contrast to the suggestions for the design of microcontent and microlearning activity that derive from CTML (Mayer, 2014) and CLT (Sweller et
al., 2019) the implications from SRL (Zimmerman, 2000) are less clear. With
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regard to a microlearning activity that consists of more than one chunk of microcontent as a comparatively loose sequence, the forethought phase and specifically the planning of the learning activity can be quite demanding if there
is no given structure with regard to the learning objective. The planning of a
complex learning activity or the planning of a learning activity that has no explicit structure can be assumed to add cognitive demands to the actual task
(Seufert, 2018). However, to make a selection on one’s own and to generate an
individual structure might also cause practice concerning SRL. For the single
chunks of microcontent the process of monitoring during the performance
phase should be less demanding because of the narrow but complete topic. The
same might be true for the phase of self-reflection as the process of evaluation
should be easy for comparatively small tasks.

9.2.5 Pros and cons of microlearning
In sum, with regard to CTML (Mayer, 2014), CLT (Sweller et al., 2019) and
Zimmerman’s (2000) model of SRL, microlearning with microcontent seems
to be a suitable way for VET if the participants are less interested in longer
text-based information. The idea of short information chunks that cover a narrow but complete topic in a way that strict sequencing is not necessary meets
several theoretically founded and empirically tested design principles. It seems
to be a promising approach with great potential to foster efficient information
processing, to reduce cognitive load and to practice self- direction and selfregulation in the vocational context. At the same time the need for self-regulation might be a burden as SRL depends on individual self-regulation competence (Boekaerts, 1999). The motivational effect of a comparatively loose sequencing as well as the effect of a missing structure for individual goal setting,
self-evaluation and causal attribution cannot be clearly estimated. Regarding
the goals of the project LaSiDig and the requirements of the target group, microcontent seems to provide an adequate solution for time constraints and the
need for mobility and flexibility. The character of microcontent in general supports the integration of microlearning activities to everyday life and VET.
However, the effectiveness of microcontent in this vocational context needs to
be tested, may depend on learners’ acceptance, and recognized usability during
the implementation.
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9.3 Instructional Design for Microlearning
To design the learning units, we orientated towards the Decision Oriented Instructional Design Model (DO ID Model: Niegemann, 2019) as a framework
model and adopted essential features from the Four Component Instructional
Design (4C/ID) model (van Merriënboer & Kirschner, 2018).
Figure 1: Decision Oriented Instructional Design Model (Niegemann, 2019)

The DO ID model (Figure 1) is a framework model developed over the last 12
years (Niegemann, et al., 2008) to support instructional design by providing
sound scientific information to make efficient ID decisions. The model represents three areas of instructional design: (1) A goal perspective and measures
to ensure an appropriate standard of quality (external shell), (2) suitable procedures to analyze the needs, the relevant conditions and the context of the
planned instructional programs (second shell) and (3) the fields of concrete
decisions to be made by instructional designers.
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The 4C/ID model is an instructional design model dedicated to cognitive complex content and in this domain, it is the most successful model. Main features
are the differentiation between whole- and part-tasks and recurrent and nonrecurrent aspects of learning tasks, the sequencing of the different kinds of
tasks and the time and places to present supportive information and to provide
procedural information.
In the LaSiDig project, the goals are quite clearly described (qualifying
professional drivers for secure loadings and convey them appropriate competencies to use mobile devices for further education) and a well proven project
management system had been established from the very beginning. Also, a
plan for the evaluation, including usability testing, was set up at the start of the
project. The need for load safety trainings is obvious and respective training is
legally required. The attributes of the addressees (professional drivers) are well
known, as the DEKRA Company (leader of the LaSiDig project consortium)
is one of the biggest companies in Europe concerned with the training and further education of drivers. As analyses at the start of the projects confirmed
drivers are a rather heterogeneous group concerning previous education, intellectual skills, learning motivation and affects regarding training measures. Although almost all of the potential participants own a smartphone, the need for
media competency had to be determined. As it is a project proposed to and
granted by the German government (BMBF, grant 01PZ16007B) all costs are
calculated in advance and the budget, the time, and other resources are known.
For the analysis of task structure (safe loading) and of the necessary background knowledge, experienced trainers were available and could be consulted.
Inside the two shells of the model there are ten fields representing categories of decisions to be made in any instructional design process. The field in
the very middle of the model represents the decision for a format, sub-formats
or a combination of formats. Formats are more or less schematic ways to convey the subject matter, e.g. e-lectures, webinars, computer supported collaborative learning, serious games, explain videos, simulations etc. As already explained above the decision for the main format was part of the core idea of the
project: Microlearning units (learning nuggets) should be developed and their
effectiveness and efficiency should be evaluated. The decision for a specific
format, or a combination of formats, is the first decision, and many other decisions are swayed by it. The course of the further decisions is not mostly linear,
many decisions and their respective consequences interact. Given the analyses
of the content and the learning tasks the sequence and the segmentation have
to be determined. While the sequence of the learning nuggets is not linear but
depends on the learners’ choices, segmentation is crucial for the format of microlearning. To allow very short units just one separable complete action or a
theoretical “idea” constitute one learning nugget. If possible, these content
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units should be included or wrapped into authentic stories of the drivers’ workday world. Besides the informational units, a series of self-test items are offered to enable the self-assessment of the own competence level concerning
the different competence areas.
A specific demanding design task refers to the question how to motivate
the learners to use the learning nuggets over a longer period. Following the
ARCS model (Keller & Deimann, 2018) there are specific activities to grab the
attention of the target group, information to convey the relevance of the subject
and feedback to ensure the confidence of the learners in the increase of their
competence.
Though the decision for the distribution of the LaSiDig training program
via smartphones and tablets was made before the project started, there are decisions concerning technical aspects necessary due to the different operating
systems and other technical features of the devices used by the learners. Design
options also depend on the choice of the authoring software: Does it allow for
the use of variables to offer information rich feedback (Narciss, 2008)? What
kind of learning tasks could be realized? Is it possible to implement links to
other pieces of information (learning nuggets, websites, software tools)? These
decisions impact the multimedia design explained above: E.g., how can important details of a loading procedure be salient enough in a video on a small
display? Many principles of multimedia learning (for an overview see Mayer,
2014) have to be considered in the light of technical restrictions and opportunities, as for example the above-mentioned multimedia, modality and redundancy principle. Similar challenges come across in the field of interaction design and the design of adaptivity with regard to task-learner interaction (Niegemann & Heidig, 2019). Another category of crucial design decision is partly
determined by the format decisiontime related aspects. As the learning units
are quite short the problem of possible depletion of the learners is neglectable
in this case; nevertheless, the decision of how long a specific microlearning
unit should be is not trivial (Bradbury, 2016; Wilson & Korn, 2007). As for the
graphical design and the layout of the units and the website they are presented
on, instructional designers need the help of graphic design specialists. A last,
but not the least, field of design decisions concerns the implementation of the
complete instruction. All stakeholders must be included in the implementation
strategy and the information policy should be adapted to the specific needs and
interests of the target group. In this case several bigger transport companies
and training institutions have been included in the project from the beginning
to support the project.
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9.4 The Case of Fostering Media Competence for
Professional Drivers
9.4.1 Description of aims and procedures in the LaSiDig Project
Media competence is one of the learning objectives in the LaSiDig project.
Learners need a certain level of media competence to use e-learning, in general
for further education and specifically for all functions of the LaSi-App. This
includes the creation of their own content, which in turn also requires
knowledge about data privacy and copyrights. However, the goal is to foster
not only app related media competence, but also general media competence
and vocational media competence with regard to professional apps to support
daily work routines. With respect to the three goals, the majority of content is
about general media competence, followed by tutorials about specific functions of the app, and examples of use concerning specific vocational features.
Thereby the topics of general media competence are related to the corresponding app or vocation specific content in order to foster transfer to other applications. For the target group evaluation, a sample of 78 participants with 48 professionals and 30 vocational learners responded to a survey and answered questions concerning media competence, context issues such as availability of mobile internet or time constraints, learning preferences, motivation, and self-regulation. Following the results of the target group evaluation, microlearning
with microcontent seems appropriate with regard to the prerequisites of population and context. The format of loosely structured microcontent is assumed
to be appropriate as the users of the LaSi-App should be able to use exactly the
kind of information that is needed to quickly solve problems in their daily routine. Therefor each chunk of microcontent covers a narrow but complete topic
and can be used comparatively independent from related chunks to solve concrete problems. The concept of narrow but complete topics for each chunk also
supports the integration of related chunks across general, app specific, and vocational media competence. For example, a chunk from the section general
media competence about the topic data privacy can be combined with chunks
for app specific data privacy as well as chunks for vocation specific data privacy. At the same time, the sum of microcontent will cover the entire learning
objective with regard to the selected competence framework for general media
competence. Furthermore, the single chunks of microcontent offer the possibility to follow a suggested sequence with regard to the superordinate instructional objectives. The DigComp 2.1 framework (the digital competence framework for citizens with eight proficiency levels and examples of use; Carretero,
Vourikari, & Punie, 2017) was considered as the basis for an adapted media
competence framework with regard to the needs and requirements of the target
group. The five main competence areas: (a) information and data literacy, (b)
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communication and collaboration, (c) digital content creation, (d) safety, and
(e) problem solving were taken from the original framework. The sub-competences were selected according to the necessary competences to use all functions of the LaSi-App and according to the useful competences with respect to
the daily routine of the target group in the vocational context. For each competence area the framework suggests eight proficiency levels that reach from a
foundational competence level to a highly specialized competence level, with
increasing task complexity and autonomy. As the results of the target group
evaluation show at least a low level of media competence for the proficiency
levels one to four and because the detailed promotion of proficiency levels
seven and eight would exceed the limits of the LaSiDig project, the proficiency
levels were reduced with regard to the cognitive affordances: (a) remembering,
(b) understanding, (c) applying, (d) evaluating, and (e) creating. Following the
adapted competence framework, the development of microcontent focused on
short information chunks for the selected sub-competences of the single competence areas and the adjusted proficiency levels. In accordance with the cognitive affordances of the proficiency levels, the content of each sub-competence covers microcontent to present information, to practice retention and application, to foster critical evaluation, and to support self-directed learning beyond the topics included in the LaSi-App. To meet the desired character of
“just in time information” the basic information chunks do not include practice
tasks. Moreover, microcontent that presents information and microcontent for
practice were given unique labels to support the learners’ search for appropriate content. With regard to considerations of processing time for microcontent,
the single chucks include information that can be processed in approximately
five minutes. That is specifically important to support the integration of chunks
that present information into learners’ daily routine. The time that is needed to
process chunks that contain practice tasks depends on the included sub-competences and proficiency levels. The time limit for tasks that provide practice
for single proficiency levels is also approximately five minutes, whereas the
time needed to complete tasks that provide practice across several proficiency
levels or sub-competences can be up to fifteen minutes. These kinds of superordinate practice tasks thereby follow the suggested sequence of the single information chunks. The goal of these practice tasks is to reconnect the separate
chunks of the superordinate instructional objective with regard to practical application, as well as to support the learners concerning the self-regulation of
their learning process (Zimmerman, 2000), specifically concerning the evaluation of the learning process. The purpose is that in this way learners can identify their competence gaps and adjust the learning process, e.g. with additional
practice for single topics or with a repetition of specific information chunks.
As each chunk of microcontent covers only one single topic, the learners can
choose exactly the topics they need and therefor avoid unnecessary information processing. With regard to the considerations of CTML (Mayer, 2014)
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and CLT (Sweller et al., 2019) the information is presented as a combination
of verbal and pictorial information only when both modalities provide unique
and corresponding information and the use of two presentation modalities supports schema construction. As far as possible short videos are used to present
the verbal information auditory and the pictorial information visually to pay
attention to the processing modalities. If verbal and pictorial information both
need to be presented visually, the verbal information is integrated into the pictorial information. Moreover, the integrated format of presentation pays attention to the small size of the mobile devices. To keep the time for information
processing as low as possible, the information chunks contain no redundant or
superfluous information. To support self-directed learning all chunks of microcontent are assigned to separate collections for competence areas, as well as
for the separate sub-competences of each competence area. The collections
provide an overview of the single topics, which helps the learners to make individual decisions about where to start and how to go on with regard to individual needs and prerequisites. The learners also have the possibility to build
their own collections, e.g. by interest or relevance to their daily routine. The
concept of automated content suggestions provides further support for self-directed learning. Although the single chunks of microcontent do not have to be
used for learning in a linear sequence, all microcontent can be used in a linear
sequence that follows the increasing complexity of the proficiency levels for
the single sub-competences of media competence. The information about these
sequences is included in the meta-data and considered for automated suggestions of microcontent that has not yet been consumed by the learner. In this
way, the app suggests new content of already known competence areas. Some
chunks also provide cross relations to other competence areas that are also considered for automated suggestions. In this way the automated suggestions also
connect general media competence to app specific or vocational media competence and to related vocational competence areas.
9.4.2 Microcontent design example 1: Interactive pictures for app tutorials
The use of the basic functions of the LaSi-App might be obvious for users with
high prior knowledge concerning the use of mobile apps, however users with
low prior knowledge may need more support. To pay attention to individual
differences in prior experience there is a separate tutorial for each function of
the app. Each tutorial consists of screenshots that show the original screen in
size and resolution of a common mobile device to explain the app usage in a
realistic context. The step-by-step process information is included as a short
heading for each screenshot and the information about the single areas and
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buttons of the app is integrated into the screenshots as interactive text information. The interactive information is visually cued by colored spots and fades
in when the learner hits the spot so that only the necessary information needs
to be processed with regard to the individual’s support needs (Figure 2).
Figure 2: Sample screenshot from a microlearning unit on app functions. Interactive
presentation including buttons for additional supportive information

Interactive buttons for additional
supportive information

9.4.3 Microcontent design example 2: Interactive video about
web search
The concept for interactive pictures also fits the format of interactive videos.
For example, how to use the basic functions of a search engine might also be
obvious depending on an individual’s prior knowledge. The interactive video
again consists of a short screen cast that demonstrates the process of a simple
web search. Whenever key features of the search engine are used, a visual cue
in form of a colored spot fades in at the corresponding area of the screen. If the
learner hits the spot the video stops and additional text information explaining
the function fades in. The video continues as soon as the learner closes the text
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window. In this way, the interactive video avoids unnecessary information processing as the learner can decide to stop the video and to get additional information with regard to the individual need of support (Figure 3).
Figure 3: Sample screenshot from a microlearning unit on web search. Interactive video
including buttons for additional supportive information

Interactive buttons for additional
just-in-time information

9.4.4 Microcontent design example 3: Shrinking of text information
Quite a few information chunks to foster general media competence require
only text information, as the goal of these chunks is to provide essential factual
knowledge in a short time. For example, to name different search engines and
to know about their communalities and differences does not necessarily need
additional video or picture information. To pay attention to individual needs
and levels of prior knowledge with such kind of information chunks, only the
general information that is true for all entities to compare is immediately present. The entity-specific information is initially hidden and fades in only when
the learner selects the entity because of the decision to learn more about this
entity. In this way, the format avoids unnecessary information processing with
regard to individual needs and prior knowledge. In the case of the afore mentioned example of search engines, the primary learning goal is that learners
know that there is more than one search engine for conducting web searches
and that learners can name at least three different search engines. To evaluate
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the pros and contras of different search engines by comparing their communalities and differences is an optional, higher-order learning goal that is in this
case is served with the same piece of microcontent. If the learner already has a
favorite search engine and decides not to use an alternative search engine, the
additional information about the other search engines is unnecessary with regard to the individual needs; however, the primary learning goal can still be
achieved.

9.5 Conclusions and perspectives
In sum, microcontent serves several needs of microlearning in a vocational
context. One of the strongest advantages of microcontent might be its high
flexibility concerning individual requirements and time constraints. As
discussed above the design of microcontent can pay attention to several design
principles with regard to CTML (Mayer, 2014) and CLT (Sweller et al., 2019)
and the idea of short information chunks meets the general idea of designs for
efficient information processing. One challenge might be the loose structure,
as applied for the LaSiDig project, with respect to the process of SRL
(Zimmerman, 2000) and the individual competence for SRL (Boekaerts,
1999). Although automated content suggestions support the process of selfdirected learning an additional structured organizer for the competence areas
might be beneficial for learners with low SRL competence. Many research
questions result from the context of the use of microlearning in VET: e.g.
sequencing, number of units in one time period, depletion, interactivity. Some
answers are to be expected by examining the results of the evaluation of the
LaSiDiG project in 2020. The evaluation will be done with a pre-/post-test
designed to assess the effectiveness of microcontent with regard to learning
success. After a pre-test the users will work on four topics of media and
professional competences over four consecutive weeks with one topic per
week. For each topic specific microcontent will be suggested by a tutor. For
each chunk of microcontent it will be evaluated how learners use them, how
learners perform on integrated knowledge questions or problem-solving tasks,
in addition to how learners rate cognitive load, practical usefulness and
usability. At the end of week four, the learners will finally do the post-test and
learning success will be calculated using a comparison to the pre-test results,
considering the learners’ activity on the suggested microcontent during the
time of evaluation. The pre- and post-test will also include a questionnaire
about the learners’ expectations for the app usage and their learning behavior.
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Section IV:
Higher Education
in the Age of Digitization

10 Openness in MOOCs for Training and Professional
Development – An Exploration of Entry and
Participation Barriers
Kristina Kögler, Marc Egloffstein, & Brigitte Schönberger

10.1

Introduction

Massive Open Online Courses (MOOCs) constituted a high-profile phenomenon in educational technology within the last ten years and attracted a lot of
attention from researchers and practitioners. Although MOOCs have not disrupted the higher education sector as profoundly as it had been propagated
(Reich & Ruipérez-Valiente, 2019), a new global market for online education
with commercial platform providers has emerged. By 2018, more than 900
universities had launched 11.4k MOOCs with different platform providers
serving over 100 million learners. The estimated revenue of Coursera as the
biggest global MOOC provider is $140 million, and a growth rate of more than
20% indicates a huge demand for online-based education and training (Shah,
2018a).
Historically, MOOCs have developed out of academia, closely related to
the concepts and ideas of open education (Yuan & Powell, 2015). Openness
has always been a central part of the MOOC narrative, the courses being offered at virtually no cost, without formal prerequisites and accessible from virtually everywhere. Extending the academic perspective, MOOCs have been
identified as a promising option for work-related learning and professional development (Milligan & Littlejohn, 2017). Lately, MOOCs have been gaining
more acceptance among employers (Hamori, 2017, 203ff.) and employees
(Egloffstein & Ifenthaler, 2017), despite the fact that openness is rather uncommon in corporate contexts (Olsson, 2016). At the same time, MOOC providers are adjusting their business models after the initial years of euphoria,
both for monetization and for accommodating the requirements of training and
professional development. The idea of openness, meanwhile, seems to be fading into the background. More and more MOOCs are provided with entry and
participation barriers at different course stages. Hence, the question arises
whether openness remains a distinctive feature of MOOCs, especially with regard to training and professional development.
The aim of this contribution is to explore the openness of MOOCs for professional development and to add empirical evidence to the current discussion.
This leads to the following research questions:
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1.

What are current notions of openness in online education and training,
and how do they relate to MOOCs with respect to professional development?
2. Which types of barriers do exist in MOOCs for training and professional development?
3. Are there systematic patterns of barriers, pointing towards specific
strategies of openness employed by MOOC providers?
We first discuss current notions of openness in online education and training
and show possible links to generic MOOC models. We then review N =295
MOOCs from nine common English-speaking providers for barriers. Based on
our empirical data, we set out to characterize different types of MOOCs from
the perspective of openness.

10.2

Theoretical background

10.2.1 MOOCs in post-secondary education
Broadly defined, MOOCs are “free or low-cost Internet-based university
courses or near equivalents” (Waks, 2016, xiii). Following the acronym,
MOOCs can be classified as “courses that are designed for large numbers of
participants (massive), free to access (open), delivered entirely over the web
(online), and structured and assessed (courses)” (Knox, 2015, 1372). However,
there is a great variation in MOOC formats, so this broad description can only
be a first conceptual consensus. Apart from MOOCs being delivered online,
all the other defining characteristics can be questioned in one way or another.
Especially how openness is understood seems to be a key difference of several
MOOC initiatives and approaches (Knox, 2015).
As a result of two separate development paths, two generic MOOC models
with different underlying pedagogical approaches have emerged (Ifenthaler,
Bellin-Mularski, & Mah, 2015). cMOOCs (connectivist MOOCs), on the one
hand, provide collaborative and network-oriented learning environments. They
focus on learning communities and promote the autonomy of educational
objectives. cMOOCs enable knowledge generation through discussions,
construction and sharing of contents, and social network activities. xMOOCs
(extension MOOCs), on the other hand, follow a more traditional cognitivebehaviorist approach. They focus primarily on the dissemination of contents to
larger audiences. Therefore, xMOOCs enable a scalable knowledge delivery
with specialized video-oriented learning platforms. Typical elements of those
platforms are lecture videos, integrated quizzes and short online tests for
automated assessment. With respect to instructional design criteria, the two
approaches can be characterized as follows (Tu & Sujo-Montes, 2015):
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cMOOCs are centred around content production, and learners are expected to
create, enhance and share. Content is fragmented and not bound to a course.
xMOOCs, on the other hand, follow a defined formal course structure, and
learners are expected to master what they are being taught. The xMOOC
teaching mode is lecture oriented, mostly implemented by instructional videos,
while cMOOCs rely on distributed interactions and personal sense-making.
Recently, the boundaries between the two ideal-typical MOOC models have
become less clear, and the „the division has been criticized as overly simplistic
in assuming particular kinds of pedagogy” (Knox, 2015, 1373). However,
content delivery and scalability are still predominantly linked to xMOOCs,
while pedagogical innovation has been associated with the cMOOCs model
(Spector, 2017). Beyond that, the current notion of the MOOC concept
predominantly relies on the xMOOCs model, so that the term MOOC has
become synonymous to large-scale video-based instruction.
The MOOC trajectory can be characterized as a sequence of (1) an early
experimentation phase, (2) the rise of the mainstream platforms, and (3) a current phase of redesign and consolidation aiming at sustainability (Knox, 2015).
While (1) brought pedagogical innovations with cMOOCs in the light of social
media from 2008 onwards, phase (2) introduced the mainstream MOOC platforms like edX, Coursera, Udacity or FutureLearn as novel players in the
global education market in 2012. Since then, the inflated expectations from the
hype phase have made way for a more realistic perspective on MOOCs, and
more and more feasible uses cases are being developed backed by research.
This includes a shift from academic education towards corporate training and
digital workplace learning, a focus on competence-based education with respect to professional development, and the implementation of learning analytics. These developments require new ways of credentialing as well as new service and business models (Egloffstein, 2018, 153).
With production costs of up to 55,000 € per course (Epelboin, 2017),
MOOC providers needed business models to refinance course production costs
as well as the costs for managing and developing their platform right from the
very beginning. Structuring the wide range of MOOC monetization efforts,
three generic business models have been outlined (Patru & Balaji, 2014, 71ff):
(1) freemium business models, (2) business-to-business models and (3) business models for governmental involvement. Among the current “tiers of monetization” of commercial MOOC platforms (Shah, 2018b), revenues from certificates, (micro-)credentials and full online degrees can be attributed to model
(1), where a basic service is free and additional fees apply. Corporate training
as a source of revenue for MOOC providers clearly follows business model
(2).

207

10.2.2Openness as a distinct MOOC feature
10.2.2.1 Notions of openness in online education and training
Openness is “a complex socio-political term which is deeply interwoven with
technology” (Deimann, 2019, 3). In educational contexts, openness is a valueladen concept with philosophical, pedagogical and political connotations (Hug,
2017), with its respective meanings being framed by social-political
worldviews (e.g., self-empowerment vs. neoliberalism). Historically, the roots
of openness in education date back until the late Middle Ages, where the Gutenberg press enabled public lectures, with recent technology-driven developments from open universities in the late 20th century to open courseware and
MOOCs in present times (Peter & Deimann, 2013, 11). Openness has emerged
as a major paradigm for research and practice in education (Bozkurt, Koseoglu,
& Singh, 2019). The literature review by Bozkurt and colleagues shows publications from the last 50 years with a dramatic increase in research output from
around 2008 onwards. Thereby, open educational resources (OER), open
learning, MOOCs and e-learning were identified as central concepts. Despite
the growing research interest, there is still no clear understanding or common
definition of openness in education. However, most of the current approaches
build on three core aspects: availability, affordability and accessibility (Kopp,
Gröblinger, & Zimmermann, 2017). With respect to MOOCS, different implementations of openness addressing these core aspects have to be considered.
Open Distance Learning (ODL). The concept of ODL combines two distinct ideas (Gaskell, 2015), namely open learning (in relation to access, time
and place of study, and flexibility) and distance learning (distance between
“teacher” and learner). ODL refers to institutions providing remote access to
higher education, combined with lower entry requirements concerning academic achievements, thus bridging the gap between academia and professional
development. ODL also refers to online learning, where flexibility concerning
time and place is implemented via internet technology.
Open Access (OA). OA describes the free access to research outputs and
materials via internet. With regard to MOOCs, two different interpretations of
OA come into effect (Cronin, 2017): Open admission refers to the access to
formal education in the shape of the elimination of entry requirements like
prior knowledge or certified academic achievements. Open as free refers to
monetary costs involved for participating in a MOOC.
Open Educational Resources (OER). OER are an extension of the ideas of
OA (Cronin, 2017). Here, open means not only gratis (free of cost), but also
libre (enabling legal reuse). OER thus are teaching, learning and research materials in any medium that reside in the public domain or have been released
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under an open license that permits no-cost access, use, adaptation and redistribution by others with no or limited restrictions. (Hewlett Foundation, 2019).
OER enable the “5R activities” for open content as proposed by David Wiley
(2015, 6): Retain, Reuse, Revise, Remix, Redistribute.
Open Educational Practices (OEP). OEP extend OER with a shift of focus
from resources to actions. In the narrow sense, OEP describe „practices which
support the (re)use and production of OER through institutional policies, promote innovative pedagogical models, and respect and empower learners as coproducers on their lifelong learning paths” (Ehlers, 2011, 4). From a wider,
beyond-production perspective, OEP are “collaborative practices that include
the creation, use, and reuse of OER, as well as pedagogical practices employing participatory technologies and social networks” (Cronin, 2017, 4).
10.2.2.2 Openness in MOOCs
Openness is the key criterion for defining MOOCs. How openness is implemented also seems to be the major criterion of differentiation regarding MOOC
approaches. Research shows that cMOOCs and xMOOCs promote different
concepts of openness (Rodriguez, 2013). Most of the described notions of
openness can be found in experimental MOOCs following the cMOOCs
model. These courses are often built with the intention of putting OER and
OEP into practice. However, they cannot always fulfil the idea of open learning
in the sense of ODL as entry barriers exist in terms of prerequisites of digital
literacy and tool-related competencies. Also, flexibility and scalability might
be questioned due to dependencies arising from cooperative or collaborative
settings.
With respect to training and professional development, current mainstream
MOOCs following the xMOOCs-model are of much greater relevance. They
clearly implement openness in the sense of ODL, as access to learning materials is not constrained by time or place. Mainstream MOOCs also work without
formal prerequisites in terms of academic qualifications. Furthermore, they implement distance learning to a very large extent: Usually the assessment is also
delivered online so that no physical presence is necessary.
MOOCs only partly adhere to the idea of OA. On the one hand, admission
to MOOCs is basically free. If not, courses are being re-labelled, for example
as “SPOC” (small private online course) or as “COOC” (corporate open online
course), the latter only being open within a specific corporate setting (Egloffstein, 2018). On the other hand, current MOOCs are not free of charge. Depending on the underlying business model and monetization strategy, different
fees can apply.
Generally, mainstream MOOCs do not consist of OER. MOOC contents
like videos and other learning objects usually are proprietary, and there is no
option to retain, reuse, revise, remix or redistribute them. From a pure open
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education perspective, MOOCs thus might even be regarded as a misstep,
given the apparent contradiction between the proclaimed openness and the actual concept of content ownership (Wiley, 2015). However, some providers are
working on the integration of the OER concept into their platforms, with expected benefits especially on the pedagogical side (Kopp et al., 2017).
Finally, current MOOCs do not fare too well regarding OEP. Although
“open practices would not [per se] be blocked in MOOC formats” (Czerniewicz, Deacon, Glover, & Walji, 2017, 95), there is only little evidence for
OEP in mainstream MOOCs. However, a number of MOOCs has enabled new
partnerships between academic and business partners, with great benefits for
training and professional development purposes.
10.2.2.3 Operationalisations of openness in MOOCs
Although the interpretations of openness greatly vary, studies on MOOCs often do not present explicit conceptual descriptions of openness (Weller, Jordan,
DeVries, & Rolfe, 2018). Therefore, operationalisations of openness are
scarce. Economides and Perifanou (2018) developed a 19-item questionnaire
for evaluating the openness of a MOOC, analysing open capabilities regarding
cost, time and place as well as open capabilities regarding educational resources on the MOOC. Although the instrument leads to clear results, the approach remains rather theoretical, as it does not provide information about the
course features that actually constitute openness. Rousing (2014) operationalized openness in MOOCs along five dimensions: (1) education across geographical boundaries, (2) entry barriers, (3) flexibility, (4) open pedagogy and
(5) openness of resources. In a qualitative approach, the author collected and
described evidence of openness (structures and policies/principles) for different providers and connected those observations to an interpretative rating.
While this approach provides rich information of practical relevance, validity
and reliability of the interpretations can be questioned. Hendrikx, Kreijns, and
Kalz (2018) developed a classification of barriers that influence intention
achievement in MOOCs. In a factor-analytical approach, they identified four
distinctive barrier components: (1) technical and online learning skills, (2) social interactions, (3) course design and (4) time, support and motivation. While
barrier components (1) and (4) were classified as non-MOOC-related, component (3) is directly related to MOOC design, and component (2) at least in
parts. Although this approach is not directly targeted at openness, it provides
rich evidence, as the lack of certain barriers related to MOOC-design can be
interpreted as a sign of openness.
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10.3

Analysing the openness of MOOCs for training and
professional development

10.3.1 Research objectives, sample and procedure
Given the broad discussion on MOOCs and open education and the lack of
empirical evidence concerning openness, we intended to analyse openness in
a bottom-up approach focusing on the ‘tangible’ dimensions of the concept.
We followed the approach of Hendrikx et al. (2018) and operationalized openness ex negativo through the absence of barriers. Thereby, we looked at formal
aspects pertaining to the learning environment and masked out intangible
learner related variables. Thus, our analysis focused on ‘hard barriers’ to entry
and participation.
From the professional development perspective, we focused on MOOCs
from the field of business and management, which represent the second largest
section in the global MOOC market (Shah, 2018a) and are clearly related to
training and development. As the field is rather heterogeneous, we included
courses from a wide range of topics as for instance Technology and Applications, Accounting, Finance and Taxation, Marketing, Entrepreneurship, Management Skills and Leadership, Innovation Management, Project Management, Legal aspects, Human Resources and Organization or Data Analytics.
The study took place in summer 2019 and included a sample of N=295
different MOOCs which were hosted by nine of the biggest mainly Englishspeaking providers in North America, Europe and Asia. We randomly included
courses that lasted no longer than twelve weeks from a starting point within
the period of investigation. We analysed courses from twelve topic fields
which were randomly distributed in the sample. The rating was performed by
a trained rater with a background in pedagogy and instructional design over a
period of ten weeks and reviewed in a process of consensual validation. The
courses showed a mean length of M=4.76 weeks (SD=2.66; Min=1; Max=16)
and an overall workload of M=20.77 hours (SD=16.69; Min=1; Max=120).
Most of the courses were hosted by academic institutions (n=197) in North
America, Asia and Europe. Table 1 shows the structure of the sample.
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Table 1. Sample structure
Provider

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

5

2

1

0

1

34

0

0

0

8

7

7

1

0

0

12

1

0

11

10

14

8

1

2

9

1

1

3
4

2
5

4
2

2
0

0
4

2
1

0
7

1
0

0
0

Entrepreneurship

1

1

2

1

2

0

1

2

3

Project Mgt.
General & Strategic Mgt.
Data Analytics
Legal Aspects
Operations Mgt.
HR & Organisation

1

2

1

0

0

0

4

0

0

4

9

6

1

0

0

9

0

0

8
1
2
2

4
1
4
3

8
0
1
4

0
0
0
2

8
0
0
0

4
1
4
2

3
0
4
1

0
1
1
1

0
1
1
0

50

50

50

15

16

50

50

8

6

Technology &
Application
Accounting, Finance & Taxation
Mgt. Skills &
Leadership
Innovation Mgt.
Marketing

Total n

Note. (1) Coursera, (2) edX, (3) Future Learn, (4) iversity, (5) Udacity, (6) Open SAP,
(7) NPTEL, (8) Polimi, (9) Open Learning

10.3.2 Rating scheme
The rating scheme contained 20 different types of barriers which are assigned
to six categories (see Table 2). The first category comprises barriers pertaining
to certain individual prerequisites of the participants. For instance, attending
the course requires a certain previous knowledge or specific technical configurations. Additionally, in some cases, certain countries like Iran, Ukraine or
Cuba were excluded from attendance. Pertaining to the materials there were
either fees for the activation of the learning contents or access was limited temporarily. Barriers concerning the assessments implemented in the courses were
either referring to criterial (a specific amount of tasks that has to be passed) or
temporal barriers (tasks have to be completed in a certain period). In some
cases, participants only had a limited number of attempts to pass the tasks successfully. When looking at barriers pertaining to the feedback provided in the
course, some providers demanded payment for the accessibility of solutions or
called for peer feedback while in other cases feedback was only provided for
solutions that arrived on time. Concerning the availability of certificates, we
differentiated between barriers which implied fees for the certificate itself or
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the participation in the assessments. In some cases, certification was based on
a certain amount of learning contents which had to be accessed during the
course, or there was no online certificate available, but the participants had to
pass a local exam. In the course of consensual validation, interrater reliability
was calculated by means of Cohens Kappa and reached satisfactory values
from .71 to .95 for the six categories.
Table 2: Categories and types of barriers
Category

Types of Barriers

Prerequisites

0= no barriers
1= language barriers
2= specific previous knowledge
3= country of origin excluded
4= attendance of associated courses
5= technical barriers
6= several barriers at the same time
0= no barriers
1= fees for the activation of materials
2= temporal limitation of access
3= both

Materials

Assessments
(criterial barriers)

0= no barriers
1= all tasks must be passed
2= share of tasks must be passed

Assessments
(temporal barriers)

0= no barriers
1= tasks accomplished within deadline
2= limited number of attempts

Feedback

0= no barriers
1= fees for the accessibility of solutions
2= peer feedback necessary
3= feedback only when solution on time

Certificate

0= no barriers
1= fees for certificate
2= fees for assessment participation
3= combination of 1 and 2
4= access of material
5= no certificate available
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10.4

Results

10.4.1 Entry and participation barriers in MOOCs
First, we analysed the number of barriers which were implemented in each
course of the sample. The number of barriers ranged from a minimum of 1 to
a maximum of 6 barriers. On average, we found approx. three barriers per
course (M=2.94, SD=1.23). Six courses showed the highest number of six barriers while in 38 of the courses we only identified one barrier. The latter mainly
originated from Asia (n=19) or North America (n=10). When taking a look on
the categories of barriers in this subsample, there was either no online certificate available (in case of the Asian courses) or a certain previous knowledge
was required. In eleven courses, the providers demanded fees for certification
or access to the course materials.
In the next step, we analysed the frequency of barriers in each category of
the full sample. Barriers focusing on prerequisites were implemented in 34.6%
of the courses in the sample, most of them concerned previous knowledge
(18.6%) or the attendance of associated courses being part of a specialization
(8.8%). While technical barriers (2.4%) or the country of origin (0.3%) were
rarely used. In 4.4% of the courses in the sample, we found more than one
barrier on learners’ prerequisites. When analysing barriers pertaining to the
course materials, nearly two-thirds of the sample (65.8%) did not use any barrier while nearly a fifth of the analysed courses (16.6%) demanded fees for
access to the materials and 13.9% limited access temporarily. In case of the
assessments, we differentiated between criterial and temporal barriers. Most
of the courses demanded for a defined share of tasks/quizzes which have to be
accomplished (66.4%) while nearly a third did not implement any criterial barrier (31.2%) and in 2.4% of the courses all tasks/quizzes had to be passed successfully. Temporal assessment barriers mostly concerned a limited number of
trials (34.9%) or a certain deadline to pass the tasks/quizzes which were implemented (13.9%). In about half of the courses in the sample (51.2%), we
found no temporal barrier associated with the assessments. Barriers concerning
the category of feedback in MOOCs were rarely found. In only 10.2% of the
courses peer feedback was required, while 86.1% did not implement feedback
barriers. When finally looking at barriers pertaining to the certificates, we identified a share of 41.7% of the courses which demanded fees for certification
and 9.8% demanded fees for the participation in the assessment. 18% demanded for a certain amount of access to the course materials to get the certificate. 17.3% of the courses did not implement any barrier to certification.
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10.4.2 Distinctive MOOC features and number of barriers
In the next step, we analysed systematic differences concerning the number of
barriers due to several distinctive features of the MOOCs in the sample. Table
3 shows the means, standard deviations and results from variance analysis.
First, we compared the nine MOOC providers concerning the mean number of
implemented barriers. We found significant differences: Especially Coursera,
edX and openSAP implemented significantly more barriers than the other providers. When looking at the types of barriers, we typically found monetary
barriers like fees for participation or certification on the one hand. On the other
hand, we also observed barriers associated with promoting learning success,
namely deadlines, assignments to be passed and materials to be viewed. The
lowest numbers of barriers were established by NPTEL and iversity.
Further, the assumption of systematic differences also applies to the regions from which the MOOCs originate. We found a significantly higher number of barriers in MOOCs administered by European and North American institutions, while the lowest numbers of barriers were implemented in courses
from Asia. Moreover, we focused on the different course topics that were represented in this study. We found significant differences and a small effect size.
Post hoc tests revealed that courses in the field of Technology and Application
showed a higher number of barriers compared to courses from Management
Skills and Leadership or Accounting, Finance and Taxation. Finally, a comparison of academic and non-academic institutions revealed no significant differences concerning the number of barriers in business MOOCs.
Table 3: Comparison of mean numbers of barriers
M

SD

F-value/T-YDOXHȘ2 /d

Provider
Coursera (n=50)

3.74

1.175

edX (n=50)

3.74

1.026

FutureLearn (n=50)

2.84

.997

iversity (n=15)

1.87

.743

Udacity (n=16)

1.94

1.289

openSAP (n=50)

3.60

.535

NPTEL (n=50)

1.70

.614

Polimi (n=8)

2.00

.000

Open Learning (n=6)

2.94

1.234

31.23**; 0.446
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Table 3: Comparison of mean numbers of barriers (cont.)
M

SD

F-value/T-YDOXHȘ2 /d

Region
North America (n=77)

3.38

1.396

Europe (n=141)
Asia (n=65)
Australia (n=11)

3.05
2.22
2.73

.973
1.231
1.348

Africa (n=1)

4.00

---

2.92
2.99

1.271
1.162

Technology & Applications
(n=43)

3.58

.763

Accounting, Finance & Taxation
(n=36)

2.81

1.142

Management Skills & Leadership
(n=57)

2.56

1.225

Innovation Management (n=14)

2.79

.699

Marketing (n=23)

2.83

1.435

Entrepreneurship (n=13)

2.15

1.214

9.545**; 0.116

Authoring institution
academic (n=197)
non-academic (n=98)

t=-.465; d= -0.057

Topics

Project Management (n=8)

2.88

1.356

General & Strategic Management
(n=29)

2.83

1.256

Data Analytics (n=35)

3.40

1.265

Legal Aspects (n=5)

3.20

1.304

Operations Management (n=17)

3.06

1.298

HR & Organization (n=15)

2.87

1.598

2.78; 0.097

10.4.3 Barrier patterns
In order to identify specific patterns of barrier combinations, we calculated a
latent class analysis following an exploratory approach. As there were six different barrier categories, in a first step, we compared six latent class models to
figure out the optimal number of classes. Table 4 provides several information
criteria which are the basis for the model comparison. The values lead to the
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assumption that the solution with two classes (highlighted in bold) probably
fits the data best as it shows the lowest BIC and the highest value for entropy.
The AIC, however, is somewhat ambiguous as it is even slightly lower in the
three-class-solution, so the results should be interpreted with caution. The average latent class probabilities which should reach values near 1 range between
0.982 (class 2) and 0.954 (class 1) indicating a reliable model estimation.
Table 4: Model comparison
Model

AIC

BIC

adj. BIC

Entropy

1 class
2 classes
3 classes
4 classes
5 classes
6 classes

1409.138
1248.643
1243.175
1250.972
1271.259
1297.342

1464.442
1362.939
1416.463
1483.251
1562.530
1647.604

1416.873
1264.629
1267.412
1283.459
1311.998
1346.331

--0.959
0.747
0.703
0.731
0.736

In the next step, we focused on the two-class-solution and analysed the probabilities for each category to be either assigned to class 1 or 2. We found that
some categories tend to be located in both classes, while others are clearly assigned to one of the classes. Table 5 illustrates the probabilities of being part
of a class for each of the categories. Probabilities beyond the value of 0.500
are highlighted in bold.
Table 5: Class assignment probabilities
Category

Class 1

Class 2

Prerequisites
knowledge
country
specialization
technical
several

0.895
0.000
0.105
0.000
0.000

0.327
0.016
0.344
0.110
0.203

Materials
activation fee
temporal limitation
both

0.000
1.000
0.000

0.521
0.362
0.117
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Table 5: Class assignment probabilities (cont.)
Category

Class 1

Class 2

Assessments (criterial barriers)
all tasks
share of tasks

0.026
0.974

0.037
0.963

Assessments (temporal barriers)
deadline
limited attempts

0.828
0.172

0.000
1.000

Feedback
solution fee
peer feedback
solution on time

0.000
0.000
1.000

0.061
0.909
0.030

Certificate
certification fee
participation fee
combination
access material
no certificate

0.000
0.000
0.000
0.688
0.312

0.737
0.174
0.090
0.000
0.000

Concerning the individual prerequisites, the main differences between the
classes is related to the previous knowledge of the participants followed by
courses that are part of a specialization. When looking at the course materials,
the providers either demand fees for the activation or limit the access temporarily. In the assessment categories, the classes do mainly differ by implementing a deadline to provide the solutions or limiting the number of attempts to
successfully pass the assessments. Most of the courses demand for a share of
tasks that have to be solved, concerning the criterial assessment category, we
did not observe any clear differences. Pertaining to feedback, the classes differed insofar as either peer feedback was obligatory or the participants had to
submit the solutions in time to receive feedback. Considering certification in
classes 1 and 2, they differ insofar as they demand either fees for the certificate
itself or a certain amount of materials and contents that have to be viewed.
In summary, class 1 contains courses that rather require a certain amount
of previous knowledge, limit the access to the contents temporarily, and offer
a certificate when the participants provide their solutions for a certain share of
tasks and quizzes in time or prove to have viewed a certain amount of the
course materials. Class 2, on the other hand, consists of courses that typically,
charge fees for the activation of the course materials or for the certificates.
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Consequently, it can be assumed that providers either tend to implement monetary or pedagogical barriers, the latter rather being associated with the learning process than with monetization in terms business models. However, we
found no significant differences between the groups concerning the total number of barriers.
Table 6: Distribution of providers in classes
n Class 1
Provider

n Class 2

acad.

non acad.

acad.

non acad.

Total

Coursera
edX
Future Learn
iversity
Udacity
openSAP
NPTEL
Polimi
Open Learning

0
0
0
0
0
0
24
0
2

1
0
0
0
7
50
0
0
1

47
44
41
4
0
0
26
8
1

2
6
9
11
9
0
0
0
2

50
50
50
15
16
50
50
8
6

Total

26

59

171

39

295

Table 6 shows the structure of the latent classes concerning the distribution of
providers. Class 2 is larger and includes more than 200 courses. It becomes
obvious that for a majority of the providers (e.g. Coursera, edX, FutureLearn,
open SAP, iversity, Polimi), the courses fall homogeneously into either one of
the classes, while other provider-specific subsamples (e.g. Udacity, NPTEL,
Open Learning) rather split up.

10.5

Discussion

In this study, we explored entry and participation barriers in MOOCs in order
to add empirical evidence to the broad discussion about openness in online
learning. First, we outlined different concepts of openness in education and
reviewed corresponding operationalisations in MOOC research. Framing
openness as the absence of entry and participation barriers, we developed a
rating scheme which covered barriers from six dimensions. We reviewed
N=295 business MOOCs from nine major global MOOC providers out of
twelve different topic areas. When looking at the absolute numbers of barriers,
we found a wide range of barriers from all of the categories reviewed. Only in
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a small share of courses just one barrier was observable. Concerning the importance of certain categories, we found a criterial assessment barrier in most
of the courses where a certain share of tasks had to be accomplished successfully. Another significant category of barriers concerned the fees for course
certificates, which were obligatory in nearly half of the sampled courses reviewed. These descriptive results support the assumption of different barrier
concepts, which either come along with monetary, business-related constraints
or rather stress pedagogical criteria in order to promote successful online learning.
Concerning differences between the observed numbers of barriers due to
distinctive features of MOOCs, we identified systematic variance. Especially
courses from Asia seem to correspond with the original notions of openness to
a higher degree compared to European and North American courses. This
might be due to the increased importance of online-based education in populous Asia and could be associated with a certain educational policy. In terms
of business models, the vast absence of barriers in Asian courses could therefore be a sign of governmental involvement rather than providers following
financial interests. Pertaining to the course topics, offerings in the field of
Technology and Applications showed the highest overall number of barriers.
Taking a closer look at the types of barriers implemented, we found a mixture
which mainly concerned learners’ prerequisites or a set of criteria regulating
the learning outcomes, while only a small share of courses demanded fees.
With regard to the confounding between the course topic Technology and Applications and the provider openSAP, we analysed whether certain topics were
administered by certain providers but could not find any other significant patterns.
Finally, we intended to identify typical combinations of barriers by means
of an exploratory latent class analysis. The two-class solution fitted the data
best, indicating two groups of courses which mainly differ regarding the types
of barriers implemented. In class 1, we identified higher probabilities for barriers which are related to pedagogical criteria for successful learning (e.g.
deadlines, viewed contents), while in class 2, which represented large parts of
our sample, we mainly found high probabilities for monetary barriers pointing
towards revenue goals in terms of business-related strategies. Thereby, some
providers could be clearly attributed to one of the classes, while others had
courses in both classes. Hence, the majority of providers seems to concentrate
on one of the barrier concepts, while others are inclined to implement a mixture
of different approaches.
Considering these results, it becomes evident that the openness of MOOCs
seems to be restricted to a basic accessibility of the courses. However, one has
to differentiate between barriers that are associated with a meaningful structuring of learning processes, while others indicate business models in the market
for professional development. Thus, not every barrier can be interpreted as an
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impediment for learning. It would be fruitful to shed light on the question if
some of the barrier concepts we found are more successful than others in terms
of course retention or instructional quality.
Evidently, our study faces some limitations. The convenience sample is a
snapshot and can only cover a fraction of the global MOOC market. Due to
language barriers, we had to limit our analysis to the English-speaking world
and could not consider the vast number of MOOCs in other languages. From
the professional development perspective, an extension towards other topics
seems to be desirable for future approaches. Thus, the results may be interpreted as a first exploration of the field not yet providing representative findings. Further, the interpretation of the barriers in MOOCs depends on the period of investigation, as some providers change their barrier concepts when a
course is not activated anymore.
To sum up, we found evidence for a reduced concept of openness implemented in MOOCs for business-related professional development. In light of
the current findings on MOOCs refuting the widely heralded claim of education for all (Reich & Ruipérez-Valiente, 2019), this is not surprising. Van de
Oudeweetering and Agirdag (2018) argue that even though privileged learners
benefit more from MOOCs because of certain formal barriers, MOOCs still
reach a notable share of underprivileged learners that would otherwise not participate in academic education. For training and professional development, this
claim might hold in a similar way. The basic accessibility of MOOCs grants
access to formal training for both employees and companies which might otherwise not have had the opportunity. Since MOOC providers have to address
financial aspects and sustainability, barriers aiming at monetization are a necessary precondition for granting these opportunities.
With a focus on tangible factors like barriers and constraints, this study
adds a pragmatic perspective to the discussion on openness in MOOCs. It has
become clear that, in addition to a basic accessibility, differentiated entry and
participation barriers aiming both at the generation of revenue and learning
outcomes have to be taken into account.
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11 The High School Career Academy as a
Model for Promoting Technological
Preparation: Promising Practices and
Challenges in the United States
Victor M. Hernandez-Gantes and Edward C. Fletcher

11.1

Introduction

In the age of the global economy, technological development is at the core of
human productivity (Gordon, 2016). As technology has become ubiquitous at
work and in everyday life, it has become evident that related use requires education and training for further development and efficient application (Mokyr,
2018). In the United States (US), the role of science, technology, engineering,
and mathematics (STEM) has been highly recognized to ensure global competitiveness through technological development and related preparation. As
such, strategies to boost participation in STEM-related careers have become a
national priority (National Science & Technology Council, 2018). The problem is that high school graduates continue to lag behind in their STEM preparation needed for success in today’s high-tech and knowledge-based economy
(National Science Board, 2018). In turn, inadequate student readiness often
prevents youth from productive transitions to further education or work (Carnevale, Smith, & Strohl, 2010; Loera, Nakamoto, Oh, & Rueda, 2013).
Participation in the information technology (IT) industry is an example of
this trend. The IT industry involves the integration of digital technology in all
business operations and requires a variety of occupations such as hardware and
software engineers, programmers, and systems analysts; all sharing a computer-related focus in all types of organizations (Wright, 2009). At the technician level, most employers require preparation beyond high school and in some
cases certifications for entry into the IT workforce (Wright, 2009). From 2018
through 2028, the IT sector is expected to grow 12%, which is faster than the
average for all occupations. Similarly, the median annual wage in 2018
($86,320) is much higher than the median annual wage for all occupations
($36,640) (Bureau of Labor Statistics, 2019). However, despite the strong IT
employment outlook, colleges and employers have challenges in finding students and workers in the pipeline (National Academies of Sciences, 2017). One
reason for this trend is that students often report having difficulty understand-
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ing IT career opportunities and related preparation, which may be a contributing factor accounting for the low participation rates in related pathways
(Wright, 2009).
To increase participation in technology-based programs such as IT, educators have explored alternative strategies to boost interest and preparation in
related pathways in high school (Warner et al., 2016). Featuring smaller learning communities and occupational career themes, the career academy model
has resulted in promising outcomes over the past two decades (Kemple, 2008;
Lanford & Maruco, 2019). Career academies are small schools within a larger
comprehensive school and work in partnership with employers to integrate academic and technical content and provide work-based learning experiences to
students (Stern, Dayton, & Raby, 2010). With the goal to prepare students for
college and careers, career academies were originally designed to help students
at-risk of dropping out, but over the past two decades student enrollment has
diversified attracting students who are better prepared. Presently, it has been
reported that there are about 7,000 career academies in operation in the US,
with an annual combined enrollment of about one million high school students
(National Career Academy Coalition, 2019). Over the years, there has been
consistent evidence documenting the positive impact of participation in career
academies on dropout rates, attendance, academic course-taking, and labor
market outcomes (Kemple, 2008; Warner et al., 2016). However, as the popularity of the career academy model has grown over the years, the quality of
implementation and student technological preparation have been taken for
granted. Given the positive outcomes of participation, the general assumption
is that the career academy model should work anywhere if standards of practice
are followed (Conchas & Clark, 2002; Lanford & Maruco, 2019).
With this frame of reference, our goal was to conduct a holistic analysis of
the career academy model, featuring an IT curricular theme, when implemented under different conditions. The analysis is based on the results of a
three-year study designed to explore how IT career academies with different
configurations were implemented, with emphasis on the challenges and opportunities in enabling students to become college and career ready. Specifically,
the study was guided by the following research questions: How are career academies, featuring a technology-oriented theme, implemented under different local conditions? What are the implementation challenges and opportunities for
promoting students' technological preparation?
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11.2

Conceptual Framework

The project’s conceptual framework was built upon two core foundational
strands informed by the academy model in the US and the role of organizational structures in educational settings.

11.2.1 The Career Academy Model
Career academies are smaller learning communities within high schools designed to help students become college and work ready (Orr, Bailey, Hughes,
Karp, & Kienzl, 2004). A key design element of career academies is the integration of academic and technical content to enhance curricular relevance and
students’ career interests (Castellano et al., 2007; Kemple & Snipes, 2000). To
that end, the model relies on the use of occupational themes (e.g., Engineering,
IT, health sciences) drawing from 16 career clusters in the US (Advance CTE,
2019). Another requirement is the provision of work-based learning opportunities for students, which are typically accomplished in partnership with local
employers In addition, in collaboration with postsecondary institutions, academies also afford students participation in dual enrollment to earn college-level
credit (Hernandez-Gantes, 2016; Lanford & Maruco, 2018).
The benefits of participation in career academies have been well documented, including data from random-assignment studies, and have reinforced
the promising premises of the model (Stern et al., 2010). Hence, participation
in career academies has resulted in positive outcomes, including increased attendance and academic course-taking, higher graduation rates, and lower dropout rates (Stern et al., 2010; Warner et al., 2016). Related research has also
suggested that career academy students perform as well, have a postsecondary
transitional plan, and tend to earn about 11% higher compared to non-academy
graduates, eight years after completing high school (Kemple, 2008; Kemple &
Snipes, 2000; Silverberg, Warner, Fong, & Goodwin, 2004).
Due to the positive outcomes, the implementation of the career academy
model has grown dramatically over the past decade, with some states requiring
all high schools to have at least one career academy (Castellano et al., 2007;
Hernandez-Gantes, 2016). However, as schools and districts have rushed to
adopt the model, the quality of implementation has varied greatly. To address
this issue, there have been efforts to inform related implementation with the
development of standards of practice by national organizations (Stern, Dayton,
& Raby, 2010). Nevertheless, implementation issues continued to linger, pointing to the role of varying local conditions and supports (Conchas & Clark,
2002; Lanford & Maruco, 2019).
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11.2.2 Nature and Role of Organizational Structures
Unlike traditional academic programs, career academies require holistic approaches for their implementation. Within this model, the factors to consider
are the curriculum, local conditions, and teacher/student supports. These factors form a system whereby organizational structures are complementary to
each other (Hernández-Gantes, Phelps, Jones, & Holub, 1995; Newmann &
Wehlage, 1995; Ryan, 2011). Specifically, the nature and role of the four structures associated with successful schools, served as part of the conceptual
framework for our analysis: organizational purpose and vision, curriculum and
instruction, operational supports, and external supports. First, researchers have
indicated that a clear and coherent organizational purpose and vision is essential for effective implementation and student success (Adelman & Taylor,
2003; National Career Academy Coalition [NCAC], 2013; Newmann &
Wehlage, 1995). That is, without stakeholders’ agreement on a vision for implementation, it would be difficult to garner buy-in from community partners
and ensure fidelity of implementation. In turn, the curriculum design and instructional strategies of career academies must also be aligned with researchbased standards to ensure program quality. For instance, in a successful career
academy, the curriculum must be organized under a coherent structure that emphasizes applied strategies aligned with the chosen occupational theme, such
as IT (NCAC, 2013).
Further, career academies require complex organizational supports to remain viable and relevant (Lanford & Maruco, 2018). Related supports typically include student services, teacher-related assistance (e.g., professional development, planning time), and administrative supports, such as funding and
appropriate equipment and facilities (Hernandez-Gantes & Brendefur, 2003;
NCAC, 2013). Finally, when implementing career academies, external supports must be considered as well. External factors may include partnerships
with local employers and other community stakeholders to provide students
with work-based learning and mentorship opportunities (Lanford & Maruco,
2018, 2019; NCAC, 2013). Related research has suggested that career and
technical education programs with established partnerships tend to perform
better compared to sites with ineffective or no external partners (Alfeld,
Charner, Johnson, & Watts, 2013; Badgett, 2016).
To date, there is extensive literature documenting outcomes of participation in career academies. However, there is limited holistic understanding of
the role that local conditions and organizational structures play on the implementation and the preparation of students in career academies featuring technology-based curricular themes.
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11.3

Method

We used a multi-case study design to explore the implementation of three IT
career academies operating under different configurations and local conditions.
We wanted to gather in depth descriptive information about the setting and
strategies needed to provide students with opportunities to enhance their IT
college and career readiness. According to Stake (2006), case studies allow
researchers to focus on the description of ordinary relationships and practice
in natural settings targeting aspects of concern. Thus, we studied IT academies
(the cases) featuring different levels of implementation according to the standards of the NAF (formerly known as the National Academy Foundation). NAF
is a national organization that provides curricular support, professional development, and technical assistance to a national network of high school career
academies in five career themes, including IT (NAF, 2014). With an established membership of 667 academies across 38 states, the NAF network provided an ideal context to explore how the academy model might contribute to
the technological preparation and career readiness leading to the pursuit of IT
pathways beyond high school.
To promote college and career readiness, the NAF model emphasizes
smaller learning communities using student cohorts, career-themed and sequenced coursework, common teacher planning, career-themed guidance, and
ongoing professional development. A key component focuses on integrated
curriculum and instruction to promote career and academic learning around a
relevant theme (e.g., IT) through project-based activities involving classroom
and work-based learning experiences, and internships. The work-based learning component is used to promote career awareness, exploration, and practicum opportunities for students. An advisory board, including members representing community stakeholder groups, is also required (NAF, 2014).
11.3.1

Sampling Procedure and Academy Sites

We selected three NAF career academies featuring curricular themes related to
information technology (IT). IT is one of 16 career clusters serving as a broad
curricular framework for career and technical education in the US. Each cluster
provides the basis for developing programs of study connecting high schools
and postsecondary education in a pathway of interest. In this regard, the IT
cluster focuses on entry level occupations related to the design, development,
support and management of hardware, software, multimedia and systems integration services (Advance CTE, 2019). Based on NAF ratings of the school’s
implementation, we sought the participation of IT career academies representing distinguished, model, and certified levels of efficacy for comparative purposes. According to NAF standards, a distinguished academy meets the highest
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level of implementation in every area of operation, while a model academy
may require improvement in some aspects. In turn, a certified academy represents compliance with basic requirements, but further improvement is needed.
Cascade Academy. Cascade Academy is located in an urban area in the
Southeastern region of the US and rated as distinguished according to NAF
standards. Cascade is a high school academy with an enrollment of 653 students comprised of 57% White, 24% Latinx, 12% African American/Black,
4% Asian, 2% Multiracial, and 1% American Indian. The gender makeup was
31% female and 69% male. Forty-two percent of the student population were
economically disadvantaged. Cascade Academy had a 98% graduation rate
(within four years) for the 2017-2018 academic year. The academy has built
an extensive network of partners in the community who contribute with funding, mentorship, and internship opportunities for students.
Johnson Academy. Johnson Academy is a high school that focuses on
promoting the college and career readiness of students through college visits
and work-based learning activities (e.g., job shadowing and internships). The
academy is in an urban area within a Midwestern state, and has extensive university and corporate partnerships. The academy has a small student population
of approximately 700 learners. The demographic characteristics of students in
the academy are 98% African American/Black, 100% low-income, and 48%
female. Johnson Academy had a 95% graduation rate (within four years) for
the 2017-2018 academic year.
Victory Academy. Victory is a certified NAF-IT themed magnet academy, located in an urban area within the western region in the US. The academy enrolls approximately 325 students based on an open enrollment policy to
ensure equity and inclusion of students regardless of background. The school
district did not have transportation for students but encouraged students to ride
public transportation (e.g., bus system). The ethnic and racial background of
students at Victory Academy were as follows: 92% Latinx, 4% Asian, 2% African American/Black, and 2% White. The gender makeup was 52% female
and 48% male. Eighty-nine percent of the student population was economically
disadvantaged. Victory Academy had a 95% graduation rate (within four
years) reported for the 2017-2018 academic year.
Career academies are typically small schools within larger comprehensive
schools. In this study the academies listed above represent a variation in structural design as they operate as stand-alone schools. In the US, this type of academies is often referred to as wall-to-wall or whole-schools as they operate on
their own and are not part of a larger high school. In turn, a magnet academy
is designed to "attract" students beyond the neighborhood boundaries set for a
traditional school. Depending on the size of a school district, magnet schools
may or may not offer bus service to students.
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11.3.2 Data Sources and Participants
To document how the academies operate, we conducted the study over a twoyear period through a review of school data, and two site visits to interview
stakeholders and students. Once academies were identified, the principals
agreed to provide access to school data and assisted with the coordination of
the site visits and interviews with stakeholders. Regarding school data, we collected documents assembled within an electronic binder related to the structure
and implementation of the IT Career Academy. Documents included in the
electronic binder were organized around four domains: academy development
and structure, advisory board, curriculum and instruction, and work-based
learning. Example items included in the electronic binder were videos of students, brochures with information regarding school performance, and examples of student capstone projects. In addition, data on student performance,
graduation rates, and attendance was also available for review in the binders.
The review of related information allowed us to learn about the academy development, organizational structure, supports, and general performance.
After a period of planning, we then conducted a five-day site visit in Year
1 to interview school and district administrators, school board members, technical and core academic teachers, school counselors, support staff, parents,
postsecondary partners, business, and community partners. Interview data focused on understanding the local setting and nature of implementation based
on the perspectives of contributing stakeholders. Questions we asked were
about the development of the academy, motivation for participation, school
climate, organizational structure, curriculum and instruction, student supports,
and about external supports. During the initial visit, we also conducted classroom observations to develop insight regarding the instructional environments,
teaching and learning processes, and types and levels of assessments administered in the career academies. To this end, we used a protocol involving notetaking on the role of teachers, student behaviors and interactions, and nature of
instructional tasks. In addition, we conducted off-school site visits with business and industry partners for tours and interviews to learn about collaboration
and contribution to work-based learning opportunities for students. Subsequently, in Year 2 of the study, we followed up with a four-day site visit to
interview students and alumni to learn about their participation experiences
and impact upon graduation. During this visit we asked students about the motivation to participate in a career academy instead of a traditional high school,
their participation experience and supports, nature of work-based learning experiences, and preparation for transitions to further education and/or work.
Overall, during the two rounds of site visits combined, we conducted individual and group interviews with 238 stakeholders including district and
school and district administrators (n = 26), teaching and other support staff (n =
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49), community parties such as parents, school board members, and postsecondary partners (n = 43), staff (n = 3), postsecondary partners (n = 4), business
and industry partners (n = 17), employers (n = 30), (n = 3), and students and
alumni (n = 100). Individual and group interviews typically lasted approximately 60 minutes in duration. In all, data stemming from these multiple
sources and perspectives allowed us to develop a consistent and triangulated
understanding of the career academies' implementation.

11.3.3 Data Analysis
All interviews were audio-recorded and transcribed verbatim. All data (curricular documents, classroom observations, and interviews) were analyzed using
thematic analysis to make sense of contextual factors underlying program implementation. Thematic analysis is a widely used method in qualitative research with a focus on identifying patterned meaning, as well as commonalties
and differences across a dataset (Boyatzis, 1998). As such, we followed the
method for thematic analysis using standards of practice reported in related
literature for organizing, analyzing, and reporting themes found within a data
set (Boyatzis, 1998; Nowell, Norris, White, & Moules, 2017). Accordingly,
when conducting the analysis we used the following steps: (a) read the transcripts in their entirety to seize a sense of the whole in terms of how participants talked about the academy and related practices; (b) re-read the transcribed interviews and demarcated transitions in meaning using a lens focusing
on work readiness; (c) reflected on the emerging themes for critical verification
of evidence within and across transcripts; and (d) synthesized the themes into
statements seeking to represent the perspectives of the participants (Boyatzis,
1998). The goal of the analysis was to identify the main patterns (i.e. themes)
in the data characterizing the nature of implementation within and across career
academies implementation, and used the themes to make sense of implications
for opportunities and challenges for promoting students' technological preparation. To this end, data triangulation allowed for analysis within and across
sources (curricular documents from the electronic binder, classroom observation notes, and individual/group interviews) to establish cross-data consistency. The research team also conducted analytical triangulation through
collective reading and analyses and discussion of transcripts and themes.
The data collection and analysis phase of the project was completed upon
receiving approval from our university board regarding provisions for the protection of research participants. On that note, to preserve the confidentiality
and anonymity of participating sites and stakeholders, all identifiers in this
manuscript were removed or modified. As such, the names of career academies
and any stakeholders noted or quoted in the report are pseudonyms used in lieu
of actual names.
232

11.4

Findings

11.4.1

Role of Shared Vision for Implementation

Across school sites, the common denominator for the adoption of the academy
model was the need to respond to a crisis, which presented an opportunity to
do something different. For the community at Cascade Academy, the issue was
a desegregation lawsuit that culminated with the call for implementing a new
vision for the local high school. At Johnson Academy, the problem was lack
of resources and need to improve student performance, while at Victory Academy growing enrollment in the district created a need for new school facilities.
As a result, and for different reasons, a crisis prompted a call to either re-envision an existing school or create something new. In all cases, local stakeholders
agreed on three elements of a vision for a new approach to help students succeed in school upon graduation from high school. First, the career academy
model was viewed as a promising alternative to the traditional high school
model. Instead of pushing for another large high school with enrollment over
1,000 students, a shared agreement focused on planning for a smaller learning
community in the form of a career academy. Mr. Gonzalez, [from Victory
Academy] recounted how this alternative solution was seized:
That’s how all these things started back then. It was seen, truly, as an alternative to the large,
comprehensive high schools that we have in the district, which we had four at the time. […]
A lot of kids would get lost in big, comprehensive schools. I call it hiding in schools. That
was one of the things I found in my research was a lot of faculty and students are able to hide
in a large, comprehensive school.

Second, we also found a consensus about the need to promote college and career readiness, with emphasis in areas related to science, technology, engineering, and mathematics (STEM). In this regard, school and district administrators
along with community stakeholders consistently recognized the importance of
preparing students for the requirements of the new economy, so they could
make successful transitions to college or work. On that note, the third element
of a common vision for the adoption of the academy model, was the identification of technological preparation and work readiness as the keys to success
in the world of work. In this regard, the view by Cascade Academy stakeholders was a recognized value of technological preparation along with employability skills (e.g. interpersonal, communication) as important. To clarify this
view, Mr. Hendrick, a gaming teacher, offered the following perspective:
It’s not only the hard skills, such as programming and design. It’s also the soft skills. It’s the
communication, the interpersonal skills, being punctual, team skills, and responsibility. Our
students are unique [but] we feel that we have a bit of a culture where the students lack soft
skills, and that’s something we focus on very heavily…
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The vision that emerged at Cascade Academy was holistic with buy-in from
all community partners including district and school staff, parents, employers,
and other groups. In turn, the vision for Johnson Academy materialized out of
a strong and charismatic district leader who believed in the value of rigorous
education and technological preparation. In the case of Victory Academy, the
vision emerged from the district’s needs assessment and the opportunity to establish an academy using an existing facility. Over the years, the organic buyin from the community underlying Cascade Academy has proven more stable
in terms of sustaining the viability and success of the academy. In contrast, the
vision for implementation in the other two sites has been revised along the way
to fit evolving needs in the community.

11.4.2 Nature of Curriculum and Instruction
The choice of a curricular theme for an academy is at the core of successful
implementation. At Cascade Academy, the choice was to build upon a desire
to focus on technological preparation through a curricular theme featuring IT
pathways. To that end, Cascade Academy offers clearly defined programs of
study for students in the areas of multimedia design technology, computer programming, and network systems technology. In this regard, digitalization applications focused on all aspects related to the adoption, maintenance, and troubleshooting of digital processes and tools used in the workplace. Further, in
collaboration with a local two-year college, the academy afforded students the
opportunity to earn college credits through a dual enrollment program and to
eventually complete an Associate of Arts degree while earning their high
school diploma. In addition, Cascade students can complete national technology certifications in areas such as networking, gaming and simulations, programming, and technology support services. To complement in-school instruction, Cascade Academy partners with an extensive network of local employers
(from large corporations to small businesses) who provide students with paid
work-based learning experiences (e.g., internships). For each IT program of
study, related coursework is clearly and coherently articulated from 9th through
12th grade with an emphasis on project- and problem-based instructional strategies. Deborah, a partner representing a global corporation explained the common goal:
We want to promote careers in STEM. We want to feed our own talent pipeline with good,
well-prepared students because we have a hard time finding qualified applicants in many
areas. This is an investment in an upcoming generation that really pays off for us.

In turn, at Johnson Academy, the vision for curriculum and instruction initially
focused on rigorous college preparation. However, recognizing that this focus
was only serving about 30% of their student population, in terms of aspirations
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upon graduation from high school, a new vision emphasized providing students
the opportunity to pursue a variety of curricular tracks. Thus, Johnson Academy students can complete programs of study in animation and digital design,
business and finance, construction trades, health sciences, information technology, and STEM clubs and competitions. In this case, although teachers and
counselors can help students customize their program of study based on their
interests, the multiplicity of curricular tracks and courses diffuses the visibility
of a coherent technology preparation in IT. As such, the focus on digitalization
was reduced to applications to record, compress, and share music in different
formats by a small group of students through participation in a club. The club
attracts students with interest in technology also including other digitalization
applications int the context of video production. Related work is considered
extracurricular and informally supervised by a teacher. Thus, with many different curricular tracks available to students, it was evident that only few students concentrated in any particular track or participated in dual enrollment
courses to earn college credit. Also, the only work-based learning experiences
available to students were in the form of short summer camps or participation
in labs for exposure and awareness of career options.
Similarly, at Victory Academy, the initial vision built upon a mathematicsand technology-based curriculum, which was revisited to emphasize film production and technology. Stakeholders believed their location, which was near
a large film studio, warranted such emphasis. In this instance, the focus on
technology was on integrating the arts, video production, script writing, and
graphic design. Digitalization is applied in all aspects of digital filmmaking
and video production including video development, live video production, and
post production through filmmaking projects. Such focus was viewed as important in helping the majority of students with Latinx roots find an outlet to
tell their experiences and stories. Although the curricular vision for the school
was built upon broad technology preparation, the shift to filmmaking turned
into an emphasis on the use of video technology and away from IT. In turn,
access to film studios proved difficult and the absence of a local industry prevented the school from offering related work-based learning experiences to
students. Further, like students at Johnson Academy, only few students at Victory Academy were able to earn college credit through dual enrollment as well.
Dr. Santiago, school principal, summarized the challenge for curriculum and
instruction:
So, I'm making films, and I need to access industry when there is no industry around us, and
there is no budgeting to take my students to industry. I wish there was something right here
where we could get our kids for that support. Some of our kids now getting into media technology, yeah, they've seen a movie, but they've never really been on any movie set.

In general, the role of clear and coherent pathways in IT-related areas was evident at Cascade Academy where students could articulate their interest in such
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tracks and were digitalization applications in the curriculum were more evident. Given the specific focus on IT, and the numerous employers of different
sizes in the community who partner with the school, students can round their
technological preparation through paid internships. In contrast, at the other two
sites, given their choice of curricular theme it was evident that coherent technological preparation was more diffused and restricted to classroom instruction
and extracurricula activities. The multiplicity of curricular tracks along with
distance and access to relevant employers, also created additional sets of issues
to help students develop technological preparation beyond classroom instruction.

11.4.3 Organizational Supports to Help Students Succeed
An element of career academies that is appreciated by all stakeholders is
grounded on the small school size. A small school community allows staff to
create an environment of support for teachers, and for students in particular.
As such, all school sites have developed a reputation for providing a safe campus and individualized attention to help all students do well. A common strategy across all sites is the identification of low-performing students and the development of customized supports including tutoring, counseling, and other
ancillary services. Cascade Academy provided bus transportation for all students regardless of their location in the county, and a laptop computer for individual use throughout high school. In turn, professional development for
teachers was available upon request to stay abreast of technological developments in areas of interest.
At Johnson Academy, which operates in a low-income community, the
limited resources prevented the school district to provide bus transportation for
students. However, the district and the academy fully recognized the needs of
students in the economically depressed area, and prioritized garnering and
providing wraparound supports for students and parents in the community. Because of the limited resources in the community, the district applied for recognition of the academy as a trauma-informed school to make eligible for federal
assistance and wraparound supports including clinical, counseling, housing,
and other ancillary services. The district and school vision was to address the
basic needs of students and their families, so students could focus on learning.
For example, Ms. Lane, the instructional coach at the academy said:
I would say that of course our students have a great deal of barriers that would likely prevent
them from being able to succeed, but we here at the district have determined some ways in
which we can fill those gaps for them; [we] provide them with their necessary needs, whether
it be just what I think about is just making them whole so that they can be successful in the
school…so that their home life doesn’t necessarily have to affect what takes place here at
school, and they can be as successful as they need to be as long as we help them meet those
needs.
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Likewise, at Victory Academy, students do not have the benefit of bus transportation and the majority come from low-income families with immigrant
backgrounds. At these two academies, the local conditions in the community
and the needs of students required urgent additional supports beyond what a
typical school provides.
Regardless of the conditions, what was common across sites was school
staff who genuinely cared about the wellbeing of their students and committed
to support them in any way they could. Additionally, despite the limited resources and small school size, all sites supported participation in athletic programs, clubs, and leadership organizations to complement the overall preparation of students. However, parental involvement was less evident at Johnson
and Victory academies as the parents in the community did not have the resources for transportation and taking time off to attend school events.

11.4.4 External Supports
An expected component of career academies is the integration of classroom
learning with relevant work-related experiences, including paid internships,
job shadowing, field trips, mentorships, and guest lectures by employers. Sustained and meaningful internships and job shadowing experiences clearly connected to students’ technological preparation if often reported as a challenge
in the literature. This is not the case at Cascade Academy where promoting
related support from local employers was part of the vision since its inception.
Over the years, related planning has paid off and the academy has established
an impressive network of external support including more than 60 employers
in the community. The network is held together through a council structure and
the work of a dedicated outreach worker at the academy whose job is to recruit
new partners and ensure the viability and sustainability of the network. The
result is a tight-knit community of support with a shared understanding that the
external support they provide is an investment in the preparation of competent
workers who could potentially join their ranks upon graduation from high
school. Partners in this network include large global corporations as well as
small businesses, unified in the belief that it is in their best interest to invest in
paid internships for academy students and offer authentic work experiences. In
collaboration with school staff, employers also participate in a program to prepare students for actual job applications, interviewing process, and provide
feedback for improvement. Linda, a business partner representing a major restaurant franchise in the region, summarized the support provided for the academy:
I’ve tried to teach classes here for the 9th and 10th grade modules that they offer. I’ve assisted
with the reviewing of senior portfolios, so basically anything that the academy needs from a
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business perspective, you know, donations, cash, food, internships, anything that they need,
we try to offer from a business perspective.

Additional external support, playing a significant role in the academy success,
is the availability of two full-time college instructors who teach dual enrollment courses in IT on the career academy campus. Further, to enhance the authenticity of instruction, CISCO furnished an entire lab with state-of-the-art
networking technology to help students develop skills expected in the workplace. Under these conditions, the promotion of skills related to digitalization
was more coherently emphasized through programming and Web and app development and a variety of other applications and certifications. In contrast, at
Johnson and Victory academies, garnering external supports to boost students’
career readiness is more complicated. To be sure, Johnson Academy has been
successful building partnerships in the extended community. However, given
the multiplicity of program tracks where students tend to take a menu of interesting courses, but not concentrate in specific technological tracks, it has been
difficult to establish meaningful work-based experiences. Further, students
lack transportation and due to their low-income background, prefer to engage
in minimum-wage jobs to earn money in any way they can. To work around
these issues, Johnson Academy staff have developed four-week summer camps
to help selected students experience working with professionals in different
areas of interest and get exposure to potential careers. To ensure participation,
students receive stipends for transportation and meals, and rotate each week to
a different setting for enhanced exposure to work settings. The academy also
emphasizes participation in STEM clubs to help students engage in technology-based projects. Not surprisingly, the focus on digitalization is ancillary
and reduced to student interest as they participate in STEM clubs.
At Victory Academy, external supports are even more problematic. In this
instance, the choice of digital filmmaking as the featured curricular theme in
the academy was built upon the notion that a thriving industry in this area exists
in the larger geographical vicinity. The issue is that the filmmaking industry is
not easy to access, especially for a school and students who lack transportation.
Further, in the immediate community, there are no companies with filmmaking
and video production needs. As a result, the best academy students can do is
produce the weekly TV program for the academy and engage in independent
filmmaking as part of schoolwork leading to an annual competition. A movie
theater is available in the school building complex in a former shopping mall,
and winners are showcased there at a film festival. In this academy, the cost of
video production equipment has become an issue to keep the technology upto-date. Dr. Santiago, school principal, elaborated on the issue related to cost
as a form of external support:
Funding becomes a challenge when you're meant to be a film school, but you don’t have the
equipment and other resources essential to get that done. What ended up happening was after
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the initial pot of money dried up, what they didn’t pencil in is a sustainable factor in it so the
computers started getting dated right around five years, six years. There was no money for
replacement because the initial money that was used was a one-time money…

From our analysis, we realized that the type of occupational theme chosen for
an academy and the fit with local industry may create either opportunities or
challenges for garnering external supports. The availability of work-based
learning experiences is critical for the technological preparation of students,
and although this is an expected component of career academies, it was obvious to us that this is a major challenge for career academies.

11.5

Discussion

In this study we conducted an analysis of three career academies featuring
technology-related curriculum to explore the factors and conditions providing
context for their success in promoting students’ technological preparation.
From an organizational system perspective, our goal was to describe underlying elements, and highlight challenges and opportunities for the implementation of the career academy model at the high school level in the US. In this
regard, it is important to note that given the qualitative nature of our study, our
findings are not generalizable. However, we believe that the findings derived
from our analysis offer valuable insights into the efforts to advance technological preparation in the American system.
With advancements in technology and the increasing usage of it at work
and in everyday life, the challenge around the world is to ensure relevant education and training to help students become ready for successful participation
in the workforce. In the US, concerns about remaining competitive in technological development have fueled a movement for improving student preparation in science, technology, engineering, and mathematics (STEM) (National
Science & Technology Council, 2018). However, over the past decade, it became evident that academic preparation alone is not enough to boost participation in STEM-related pathways and thus there is a call to increase work-based
learning through school-business partnerships (National Science & Technology Council, 2018). At issue, is the fact that, in the US the education system is
primarily classroom-based with an emphasis on academic preparation leading
to college enrollment (Hernandez-Gantes, 2016). In this context, career and
technical education is best positioned to promote technological preparation
with the support of business partners (Rosen, Visher, & Beal, 2018). Within
career and technical education, the career academy model is perhaps the best
option for the promotion of coherent and focused technological preparation
given its emphasis on small learning communities, the integration of academic
239

and technical content under occupational themes, and the provision of workbased learning opportunities to students (Hernandez-Gantes, 2016; Rosen et
al., 2018).
The benefits of participation in career academies have been well documented, and related growth in implementation over the past decade is not surprising (Stern et al., 2010; Warner et al., 2016). In this regard, our findings
aligned with the literature on the reasons for embracing the career academy
model. First and foremost, communities recognize the value of technical preparation, and technological competence, and often rally around the implementation of career academies using technology-related occupational themes
(Brand, 2009; Stern, Wu, Dayton, & Maul, 2005). In our study, the communities in all academies had a consensus about the need for rigorous technological
preparation and this was the primary reason for adopting the model. The common denominator across all sites was the belief that students would thrive in a
small community under a relevant and challenging technology-oriented curriculum. When a community is faced with a crisis (e.g., low student performance),
such an event is often taken as an opportunity to try something different and
adopt the career model, instead of the large comprehensive high school approach (Hernandez-Gantes, Fletcher, & Keighobadi, 2019). The premise that
the model should work anywhere, has led perhaps, to the increasing popularity
in the implementation of career academies in the US (Lanford & Maruco,
2018; 2019). What we found is that implementation varies depending on the
approach to adoption and local conditions. Successful implementation of the
career academy model requires a systems approach whereby consensus on
adoption must be matched with a curriculum that fits community conditions
and supports.
Further, one of the benefits often associated with career academies is the
connection between the relevance of an occupational curriculum and student
motivation and engagement (Brand, 2009; Stern et al., 2005). This understanding spans across the literature on smaller cohort-oriented communities within
high schools featuring rigorous curriculum such as International Baccalaureate
programs and college preparatory programs (Ongaga, 2010; Saavedra, 2014).
In career academies, the premise is that student outcomes are enhanced through
the implementation of curriculum that integrates relevant academic and technical content leading to skill development and successful transitions to further
education or work (Hernandez-Gantes & Brendefur, 2003; Stern et al., 2005).
However, for this to happen, there must be a clear and coherent alignment between the vision for implementation, a technology-based theme, and the availability of work-based learning opportunities in the community. In our study, it
was evident only one of the academies had a clear alignment of such conditions. Cascade Academy clearly translated the emphasis on technology preparation through three IT curricular tracks in the areas of multimedia design tech-
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nology, computer programming, and network systems technology. The technological emphasis fits with the needs of an extensive network of local employers and thus the academy can offer paid internships for junior and senior
high school students. Thus, the use of and applications of digital technologies
was more evident in this academy. In contrast, at Johnson Academy, the curricular emphasis is broader and better aligned with wide STEM applications
rather than specific programs of study related to IT. In turn, at Victory Academy, the curricular focus is on filmmaking, which is better aligned with the
career cluster integrating the arts and the use of video technology, rather than
on IT (Advance CTE 2019; Hernandez-Gantes et al., 2019). At these academies, their curricular emphasis allowed for relevant and rigorous academic education in school, but it prevented skill development commensurate with specific IT-related preparation as exhibited by students at Cascade Academy. In
this regard, it was evident that the role of paid internships is a necessary curricular condition for the successful implementation of career academies. To be
sure, the availability of paid internships that provide authentic work experiences to students are difficult to establish and sustain in the US and the experience at Cascade Academy may represent an exception rather than the rule
(Hernandez-Gantes, Keighobadi, & Fletcher, 2018; Lanford & Maruco, 2018).
Our analysis of the career academies also revealed that, although technological preparation was a great selling point for parents and students, a more
compelling reason for choosing academy participation was the opportunity to
be part of a small and safe school. This view was consistently voiced by stakeholders, and more prominently by parents and students. As such, it became
obvious to us that in many ways, technological preparation was an added bonus
for enrollment in a school with a reputation for providing a safe learning environment and individualized attention. In this regard, our findings aligned
squarely with related literature noting that career academies provide an enhanced sense of belonging through a family-like school culture (Brand, 2009;
Fletcher, Warren, & Hernandez-Gantes, 2019; Lanford & Maruco, 2018).
The small size of career academies provides an opportunity for school staff
to emphasize individual attention to students, which we observed across school
sites. At the same time, it enhances the awareness of student needs and the
obligation to help them succeed in school (Fletcher, Hernandez-Gantes, &
Smith, 2019; Lanford & Maruco, 2019). In this case, Cascade Academy operates in a middle-income suburban community with a thriving economy. To that
end, school staff were able to focus on meeting student academic needs and
technological preparation. However, at Johnson and Victory academies, the
majority of the student population are from low-income backgrounds and
meeting basic student needs (e.g. health and counseling services) to help students succeed in school represents a higher priority. This was even more acute
at Johnson Academy where a purposeful program of wraparound services for
students and their parents was in place to address basic needs. As such, these
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competing needs may take precedence and limit school stakeholders’ emphases to academic preparation and ensuring graduation over a stronger technological preparation (Conchas & Clark, 2002; Warner et al., 2016). Thus, in
communities with a predominantly low-income student population, administrators and teachers may have to prioritize the provision of student supports to
give students a chance to complete high school (Fletcher et al, 2019; Hernandez-Gantes et al., 2019). In such communities, as in Johnson and Victory academies, school stakeholders have to make rational choices and focus on meeting
students’ basic needs, ensure students graduate from high school, and promote
college and career readiness based on the extent of local resources.
The role of external supports is, perhaps, the area where a holistic perspective for implementation intersects with the operational vision, the nature of the
curricular theme, and related support from local employers (Alfeld et al., 2013;
Badgett, 2016). A key component of career academies is the collaboration with
business in the community through advisory boards (Hernandez-Gantes et al,
2018; Hernandez-Gantes, Jenkins, & Fletcher, 2017). In this case, we found
that at Cascade Academy, where the operational vision was clearly aligned
with technological preparation in IT and visible and coherent curricular tracks,
local support from a network of employers was very strong. As a result, paid
internships are commonplace for junior and senior students, and represent authentic experiences grounded in IT work. In contrast, although support from
community partners was strong at Johnson Academy, it was spread to meet
student basic needs and provide broader and shorter work-based learning experiences to promote career awareness rather than focused technological preparation. In this instance, the broad vision for implementation aligned with multiple course options for students but prevented concentration in technological
preparation in a particular area. In turn, at Victory Academy, the misalignment
of the vision, curricular theme on filmmaking, and lack of industry in the immediate area resulted in virtually no external support for work-based learning
opportunities.
Our findings in this area confirm the role of varying local conditions expected in the US. On the one hand, we found evidence reinforcing the value of
social capital as a framework for understanding collaboration between school
staff and employers in the community (Lanford & Maruco, 2018; HernandezGantes et al., 2018). On the other hand, we also discovered that support from
local employers may be difficult to establish and maintain without coherent
alignment of an operational vision and curricular theme (Badgett, 2016; Hernandez-Gantes et al., 2017). We also realized that, to be successful promoting
external supports, the role of staff specifically dedicated to promote related
bonds and bridges is critical for establishing and sustaining local partnerships
(Lanford & Maruco, 2019; Hernandez-Gantes et al., 2017, 2018). This is where
another issue comes about, as the resources in career academies are too limited
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by virtue of their small size. When successful, as in the case of Cascade Academy, we found that school-business partnerships are vital to the relevant technological preparation of students, but not easy to accomplish in other communities. In places where the vision for technological preparation and curricular
theme do not match local workforce needs, external supports may be limited,
authentic and paid internship opportunities may be hard to come by, and technological preparation may be restricted as well.
In conclusion, from a holistic perspective, we found that the career academy model provides promising avenues for technological preparation. When
analyzed under the lens of the conceptual framework, it is clear that the nature
and role of organizational vision, curriculum and instruction, operational supports, and external supports have to be coherently aligned as is in the case of
Cascade Academy (Adelman & Taylor, 2003; NCAC, 2013; Newmann &
Wehlage, 1995). Otherwise, without such alignment, it is difficult for academies to garner buy-in from community partners and ensure fidelity of implementation to directly support technological preparation in a particular area
such as IT. Further, in a country as diverse as the United States, it is clear that
in communities that are economically disadvantaged, the priorities may shift
to focusing on internal organizational supports to help students succeed in
school and graduate. In this regard, it was also evident that varying local conditions play an important role on the shape of organizational structures supporting academy implementation and the preparation of students in career
academies featuring technology-based curricular themes.
An important finding was the fact that in all cases, the opportunity to enroll
in a small career academy—also perceived as providing a safe environment for
learning, represented a primary reason for enrollment. Even at Cascade Academy, parents, students, and alumni reinforced this view. The majority of students viewed technological preparation as important, but secondary to their
vocational pursuits (Lanford & Maruco, 2018; Warner et al., 2016). At Cascade Academy where students were regarded as being technologically prepared and career-ready, the majority of students reported being interested in
non-IT pathways beyond high school. This findings is consistent with related
literature based on postsecondary transition data, noting that few students go
on to pursue college pathways in the area they concentrated in high school
(Stephan & Rosenbaum, 2013; Stone, 2017). In this context, success across all
academies is translated into promoting high graduation rates and student academic achievement, and by all accounts they are excelling at this with nearly
100% graduation rates. As such, whether students have the opportunity to develop authentic technological preparation including work-based experiences,
becomes somewhat ancillary to the academies’ success. That is, individualized
attention, academic mentoring, and other forms of college preparation may
play a greater role in facilitating student achievement often associated with
career academies regardless of the occupational theme (Fletcher et al., 2019;
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Lanford & Maruco, 2018). Thus, it is not surprising that all academies have a
strong emphasis on organizational supports for students, especially in economically-disadvantage communities.
Under these conditions, the challenges for boosting technological preparation in the US may be in addressing three longstanding limitations in the education system. First, while technological preparation may provide for a rewarding transition into the workforce, it is often associated with the stigma carried
by participating in technical education (Hanushek, Woessmann, & Zhang,
2011; Hernandez-Gantes, 2016). Although in the US, the promotion of college
and career readiness has become a top priority, this push has been often interpreted to mean college preparation (Achieve, 2016; Stone, 2017). This view
has built upon a lingering societal belief that a college degree is the only credential needed for career readiness. Albeit, recent recognition of the value of
specific skills for successful entry in the labor market, attaining a college degree continues to be the primary goal for youth, while technical preparation is
often seen as a secondary pathway (Symonds, Schwartz, & Ferguson, 2011).
This issue brings a second challenge related to limited career guidance in the
education pipeline. As noted in the literature, students transitioning into postsecondary education are often ill-informed about career pathways (Holland &
DeLuca, 2016; Stephan & Rosenbaum, 2013). The issue of limited career guidance in middle and high school has been well documented and it is not surprising that students in career academies often view the opportunity for enhanced
individual attention and safety as the primary reasons for enrollment. In this
case, the benefits of technological preparation are often valued as a bonus of
participation given the potential transferability to college transitions in other
areas of interest.
Another challenge is the cost of providing rigorous and focused technological preparation. As gleaned from our analysis, the successful implementation of a career academy is much more than just focusing on curriculum content
featuring a technology-based theme. It requires a concerted effort from an entire community of stakeholders and heavy investment in social capital and resources to sustain small learning academies (Hernandez-Gantes et al., 2017,
2018; National Science & Technology Council, 2018). This is even more problematic in schools with a misalignment of the curriculum and local industry
needs such as Victory Academy, where the recurring cost of maintaining
equipment is taxing and can further weaken technological preparation when it
becomes out-of-date. In other instances, the cost of providing organizational
supports to students take precedence over investments in equipment and thus
the choice to emphasize classroom-based instruction over work-based learning. Thus, given the underlying costs and the issues for garnering authentic
work-based learning opportunities for students, the adoption of the career academy model warrants a more holistic assessment and long-term planning for
successful implementation.
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To be sure, the premises of the career academy model are appealing, and the
general benefits of participation have cemented their popularity. However, our
analysis suggested that varying local conditions provide different challenges
for implementation, which may result in issues with technological preparation.
Unlike some European countries with a dual system of vocational education
and training, the limited availability of work-based learning experiences continues to be a challenge for promoting rigorous technological preparation in
the US (Bliem, Petanovitsch, & Schmid, 2016; Gessler & Howe, 2015; Ruth
& Grollmann, 2009). The best we can do as part of the mainstream system of
technical education, is paid summer internships through career academies, but
such instances may represent an exception rather than the rule (HernandezGantes et al., 2018; Lanford & Maruco, 2018). Albeit these issues in the American system, the career academy model may still offer the best avenue for the
promotion of technological preparation, even if only a small number of students end up pursuing related pathways.
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Conclusions and Outlook

12 Developing a Skillful and Adaptable Workforce:
Reappraising Curriculum and Pedagogies
for Vocational Education
Stephen Billett

12.1

Changing occupational and workplace requirements

Changes in occupational practices, such as the digitalization of work, the specific requirements for workplace performance and the needs of working life,
such as available work, how work is conducted and work practices, periodically prompt reappraisals of the goals and processes of vocational education
(Billett, 2006). In the contemporary era of digitalization, there is a growing
governmental concern about vocational education achieving what is been referred to as 21stcentury skills: emphasizes the importance of i) complex problem-solving, ii) critical thinking, iii) creativity, iv) people management and v)
coordination (Nokelainen, Nevalinen, & Niemi, 2018). Emphasized also is the
development of the knowledge required to participate in work that has become
increasingly digitized (Harteis, 2018a). A related change is that up until recently vocational education has primarily been concerned with developing occupational capacities and mainly assisting young people move into the world
of work and specific occupations. Yet, now there is a strong focus on making
those young people job readyable to meet the requirements of the specific
workplace in which they find employment, which is a different education goal.
So, for instance, the use of technology and the impact and requirements for
digitalizes work differs across workplaces.
Consequently, as work requirements change, then vocational education
needs to respond accordingly. These changes include: i) addressing the specific
requirements of workplaces as well as ii) developing occupational competence,
which has been the key focus for much of vocational education; iii) learning
knowledge that is difficult to directly experience (i.e. conceptual and symbolic
knowledge) required for what is often referred to as ‘knowledge work’, and
currently, digitized work (Hamalainen, Lanz, & Koskinen, 2018; Harteis,
2018a; Nokelainen et al., 2018; Schneider, 2018); iv) developing adaptive occupational capacities as the requirements for work and work performance are
constantly changing; v) the importance of students to become active and intentional learners for their initial preparation, and vi) also that ongoing development across working life. All of this, and, currently, the impact of digitalization
raises fresh problems for education (Harteis, 2018a).
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A way forward for vocational education is to adopt curriculum and pedagogic
practices that are aligned with achieving these kinds of outcomes. This includes appraising: what constitutes effective educational experiences, both
within educational institutions and workplaces, ordering and reconciling these
two sets of experiences, educational interventions to generate the capacities
that vocational education students need to be effective in specific workplaces
and preparing them to become active and intentional learners across their
working lives. Achieving these outcomes includes considering what constitutes the existing and emerging requirements for occupational and workplace
performance (i.e. the knowledge that needs to be learnt) and aligning these with
the curriculum and pedagogic practices that vocational education institutions
can advance and the kinds and quality of engagement that students need to
adopt and practice.
The case made in this paper is, firstly, to set out some key changes that are
occurring within contemporary workplaces. These are held to be fivefold.
Firstly, as being ‘job ready’ on graduation is now increasingly a priority, a
focus on how students can be made ready for work on graduation, as well as
for occupational preparation. Secondly, educational processes need to understand and respond to specific needs of occupations in action (i.e. addressing
the specific needs of workplaces) to assist students. That is, there is a need to
assist students understand and respond to the specific requirements of workplaces as well as being occupationally prepared. Thirdly, with the broader use
of electronic technology (i.e. digitized work), new regimes of management,
production and service work are eventuating that require increasing levels of
symbolic and conceptual knowledge (Schneider, 2018), appropriate educational interventions need enacting to assist students develop these kinds of
knowledge (Hajkowicz et al., 2016). Fourthly, is developing adaptability
within students so that they can adapt and respond in effective ways to the
challenges they encounter beyond graduation (Ericsson & Lehmann, 1996).
That is, preparing students to be active adaptable and interdependent learners.
Fifthly, although much of this educational project is directed towards initial
occupational preparation, increasingly, individuals need the capacities to engage with and continue their intentional learningcontinuing education and
trainingacross lengthening working lives (Organisation for Economic Cooperation and Development, 2006).
In response to these changes, curriculum and pedagogic practices within
vocational education needs to include organizing and engaging students in authentic experiences, albeit in educational institutions or workplaces, and intentionally integrating the two kinds of experiences (Billett, 2015). Identifying
pedagogic practices likely to generate adaptability within students is a related
consideration. That adaptability is likely based on having effective disciplinary
knowledge (Alexander & Judy, 1988; Gelman & Greeno, 1989) and familiarity
with its application in different work settings. Yet, as much of the conceptual
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and symbolic knowledge required for contemporary digitized work cannot be
experienced directly through sensory engagement (Harteis, 2018a), it may require specific kinds of interventions to promote its development (Vosniadou,
Ioannides, Dimitrakopoulou, & Papademetriou, 2002). Also, across all of these
considerations is the need to promote the learners’ agency to be effective, outward-looking and intentional in their engagement in activities and interaction
from which they learn (Goller, 2017). Finally, the changing nature of work
requires most in the workforce to refresh, advance and even change their occupational, making continuing education a requirement for working adults
(Billett, Dymock, & Choy, 2016). These curriculum and pedagogic responses
are proposed as how to vocational education can proceed with developing skillful and adaptable workers.
Each of these issues is now addressed in sections headings those associated
with: i) key changes reconfiguring the goals for and processes of vocational
education and ii) responsive curriculum and pedagogic practices.

12.2

Key changes reconfiguring the goals for and
processes of vocational education

As noted, there are a range of changes for occupational and workplace requirements that have direct implications for the provision of vocational education.
These include a focus on job readiness as well as occupational preparation;
addressing the specific needs of workplaces; accessing and learning the kinds
of conceptual and symbolic knowledge required for digitized processes such
as Manufacturing 4.0 (Hamalainen et al., 2018), and the need to develop adaptable skills to respond to the changing requirements for occupational practice
and specific workplace performance. This leads to a consideration of the blending between initial and continuing education. Added here also is the need to
engage learners and have them come to value and engage in vocational education and the occupations it serves.
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Job readiness as well as occupational preparation
The traditional role of vocational education in the modern era has been to prepare people for working life and specific occupations (Billett, 2011b). This role
has seen a focus on identifying occupational requirements and then working to
prepare graduates to meet them. Representatives of workers, professional associations and licensing bodies for many occupations have been involved in
informing national curricula measures for vocational education. Consequently,
external have come to play a key role in not only informing what content
should be taught, but also the kinds of assessments students will be subjected
to and the need to meet occupational requirements. However, increasingly, employers, governments, community and students are expecting that vocational
education graduates should be ‘job ready’ (Billett, 2015). That is, able to
smoothly transition to and effectively perform in specific workplaces. This is
a particularly tough goal for vocational education and demanding upon graduates. There are key differences between curriculum and experiences that are
designed to meet the needs of occupational requirements and regulations, and
those associated with addressing the requirements of specific workplaces.
Moreover, there are structural difficulties because we do not know where these
graduates will end up being employed, and their situated performance requirements. So, this growing emphasis and expectation that students from vocational education will be able to move smoothly into employment in a specific
workplace requires a different set of educational goals and processes than those
associated with readiness for an occupation. This requirement extends to
knowing something of the variations of occupational practice and the rationales for those variations and their consequences for work performance. Fundamentally, it is about developing adaptive capacities within vocational education graduates. So, this change warrants a significant reconsideration of educational goals and processes.
Educational goals
Education is an intentional process. That is, it is guided and driven by specific
kinds of intentions (e.g. goals, aims, objectives) that should be the product of
a range of contributions and insights, balancing amongst these contributions
and selecting and generating kinds of intents (Marsh, 2004). The degree of
specificity for educational processes varies from being wide and open to being
highly job specific. The latter often occurs in preparation for occupations as
there are specific occupational requirements advanced by industry bodies that
need to be met are captured as national standards, occupational competences
or national curriculum documents. What electricians, nurse assistants, builders
transport workers are required to perform is thereby mandated and even regulated by these requirements. Yet, to understand the relationship between these
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occupational requirements and those for specific workplaces, it is helpful to
consider occupational preparation in terms of it comprising the canonical occupational knowledge and also the situational requirements for performance
(Billett, Harteis, & Gruber, 2018). That is, firstly, the knowledge comprising
what those practicing the occupations need to know, do and value. Knowing
refers to factual, conceptual, propositional and causal knowledge. Being able
to secure goals is achieved through procedural knowledge that ranges from
being highly specific procedures (to achieve individual tasks) through to strategic procedures required for planning and evaluating work activities
(Anderson, 1982; Ericsson & Lehmann, 1996). There is also a consideration
of valuethe dispositional qualities of interest and intentionality that is central
to how individuals undertake their work. It is, together, these three forms of
knowledge that underpin effective work performance, and what some referred
to as expertise (Ericsson, Hoffman, & Kozbelt, 2018).
Requirements of situational performance
Yet, and secondly, beyond the canonical occupational knowledge is also what
comprises the situational requirements that permit job performance in a specific workplace/work practice (Billett et al., 2018). Yet, the actual requirements for performance are not premised upon the possession of canonical
knowledge alone. Instead, that performance is premised upon what individuals
do circumstances in response to specific tasks in those circumstances (Brown,
J. S., Collins, & Duguid, 1989; Gruber & Harteis, 2018). It is the range of
situational factors, including the kinds of tasks, clients, patients, available
equipment, location et cetera that shapes situational performance, even what
counts as errors and their costs (Bauer, Leicherb, & Mulder, 2016; Rausch,
Seifried, & Harteis, 2017). So, the ability to perform in and through work is
related to the actual circumstances in which individuals practice that occupation (Billett, 2001). There is no such thing as being an occupational expert per
se. Instead, it is the ability to respond to routine and nonroutine problem-solving in a situation that is relevant to individuals’ work performance.
These requirements are shaped by the specific manifestations of occupational practice and to be addressed and will comprise specific kinds of educational intents and processes. So, vocational educational intents need to include
experiences that can assist students come to learn something of the variations
of occupational practice and diverse kinds of workplace performance associated with their occupations. Underpinning this, is the development of adaptability in students. That is, the ability to extend what they have learnt in one
situation to be applied to tasks, goals and circumstances other than those in
which it was learnt. Securing the adaptation of what has been learnt in educational programs and institutions is a perennial question (Lobato, 2012; Volet,
2013). Certainly, to be countenanced as ‘education’, what is learnt should not
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be restricted to the circumstances of its initial learning. This is never more the
case than in vocational education were the key focus is on preparing people to
apply what they have learnt in workplaces and work practices.
Consequently, challenge for vocational education is to find ways of understanding something of the diversity of situational requirements and expose students to instances of that diversity and allow them to understand something of
the range of requirements arising from it. Engagements and partnerships with
local employers and industry representatives, those from professional bodies
are likely to clarify these requirements. Those kinds of engagements and outcomes are also hallmarking for what constitutes mature vocational education
systems. That is, those outcomes that are not wholly premised upon what happens in the vocational education institution, but how what occurs outside of the
‘school’ is able to be engage with and be responsive.
Securing ‘hard to learn’ knowledge (e.g. digital knowledge)
Much existing and ‘future work’ is likely to be increasingly reliant on conceptual and symbolic knowledge (Barley & Batt, 1995; Hull, 1997), such as that
required for digitalized work (Hamalainen et al., 2018; Schneider, 2018). That
is, the knowing that must be mediated through concepts and symbols as it cannot be directly expressed or experienced. Much of this is associated with understanding is premised on knowledge that is opaque and difficult to access
and, therefore, learn (Harteis, 2018a). Across human history, and increasingly,
this kind of knowledge is that which we used to represent complex things that
cannot be easily stated or represented. Consequently, use symbols to denote
chemicals, factors such as used in mathematical calculations or physics representations and increasingly are exercised within electronic technology
(Vosniadou et al., 2002). Examples here include the growing use of technologies in fields such as banking, clerical work, as well as healthcare (Hajkowicz
et al., 2016). This kind of knowledge is often associated with changes in how
work is conducted and how individuals come to mediate it. Earlier, Scribner
(Scribner, 1985) with great prescience stated that
“hardly have we approach the problem of understanding the intellectual impact of the printing press and we are urged to confront the psychological implications of computerisation”
(page 138).

She was drawn to capture and comprehend these changes through considering
the cognitive consequences of the introduction of Computer Numerically Controlled (CNC) lathes (Martin & Scribner, 1991). These kinds of lathes comprised a shift away from those operated through and by human sensory processes (i.e. vibrations, noise, smell, sight) to those that integrated traditional
machining knowledge with symbolic knowledge and logical skills, that were
enacted computers (Martin & Scribner, 1991). These kinds of knowledge are
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difficult to learn because they cannot be directly experienced and engaged, nor
easily represented and expressed.
What is also noteworthy is that these kinds of conceptual knowledge break
with the convention that conceptual knowledge can be declared (i.e. spoken or
written down). Indeed, in much of the American literature this kind of
knowledge is referred to as declarative. Yet, this form of conceptual knowledge
does not lend itself to either being spoken or written down. Therefore, it is
difficult for individuals to generate cognitive representations of it. Yet, these
forms of knowledge need to be constructed by individuals (i.e. learnt) because
they become personal tools to mediate work and learning. These forms of
knowledge are not restricted to considerations of electronic technology, but the
shift to the use of digitalization brings this form of knowledge centre-stage and
considerations of how it can be developed through vocational education. For
instance, science education and educators have long struggled with identifying
the most effective ways of representing this kind of knowledge for students to
come to understand science and physics. Concerns about force, vectors, stress
on physical components et cetera need to be understood through systems that
require this kind of conceptual knowledge.
However, there is a need to identify pedagogic practices that comprise
practical ways of seeking to make these forms of knowledge accessible so they
can be engaged with, construed and constructed with by learners. And it is
these that need to become part of the educational considerations.
Adaptability and interdependence
As the requirements for contemporary work changes, it is necessary for workers of all kinds to adapt in responding to transforming circumstances and challenges (Ericsson & Lehmann, 1996). All of this is important because as the
PIAAC data indicates all classes of contemporary workers engage in extensive
and frequent non-routine problem-solving and adaptability is central to the capacity to respond to non-routine problem-solving (Organisation for Economic
Co-operational and Development, 2013). These are qualities that are broadly
reported across countries and all classifications of workers (Australian Bureau
of Statisics, 2013). Responding to occupational challenges workplaces, in addressing clients’ problems and needs requires the capacities to adapt occupational knowledge to meet those requirements (Ericsson & Lehmann, 1996).
The means to respond to these changes is often associated with interdependence (Rogoff, 1990). That is, through working and learning with others
and in ways in which reciprocity is commonplace. Through interaction with
others, much can be gained from those interactions and shared learning arises
in ways that is reliant upon the contributions of others and objects. So, rather
than being based on cleverness alone (i.e. the ability to manipulate knowledge),
the ability to engage with others and artefacts is required to respond to such
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challenges. This is because the knowledge required to effectively learn resides
outside of individuals and they must gain it from the social world. As we know,
the knowledge required for occupational practices does not rise within individuals. Individuals need to engage with others who possess that knowledge or
artefacts that can mediate that knowledge for them. Yet, in terms of change,
the interdependence between the workplace and the worker both comes to the
fore. The workplace requires workers have the capacity to respond to new challenges and generate new procedures and practices to achieve the goals of the
workplace (Billett, 2014a). Without the actions of the workers, the workplace
would become moribund and unable to advance. Yet, workers need the workplace, the contributions it provides and its role in continuing to develop that
knowledge that are so central to being able to respond to emerging and novel
challenges.
Fundamentally, this means that core capacities for contemporary workers
are: i) the ability to adapt to new challenges and novel circumstances, and ii)
to engage interdependently to secure that knowledge. Consequently, more than
possessing a body of occupational knowledge, and understandings of its need
to be applied in different ways, are the attributes of adapting that knowledge to
meet emerging challenges and new situations.
Continuing education and training
With the constant change of knowledge required for work it has become increasingly apparent that even the most effective initial occupational preparation will not equip individuals for lifetime of work. Instead, workers need to
continue to actively learn across their working lives. Therefore, beyond vocational education being primarily concerned with initial occupational preparation is now increasingly important to consider the ongoing development of that
knowledge through continuing education and training (CET) (Billett et al.,
2016). There are a range of factors shaping the growing need for CET provisions within contemporary workforces. These include the: i) ageing populations in many countries requiring workers to sustain their employability over a
longer period of time, ii) constant need for developing further and up skilling
individuals’ knowledge, iii) often quite specific requirements for responding
to the changing nature of work, iv) availability of opportunities for practicing
occupations and v) emergence of new occupations it is not surprising that there
is a growing interest in continuing education and training.
Consequently, there is a need for appropriating existing models of CET
provisions to meet these needs and, likely in ways that are quite different from
provisions of initial occupational preparation. These CET provisions need also
to be structured in ways that meet the needs of working adults. These needs
include ease of access for adults with work and family commitments as well
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as CET, relevance to individuals learning requirements, and to be administratively easy. However, these models need to be effective and applicable by those
who use them, and not based upon those that work for school age young people. Instead, the kinds of CET programs likely to be endorsed are those that are
based in educational institutions. Increasingly, vocational education students
are having access to practicum experiences and means by which these can be
enriched and integrated into the students’ overall program.
Together, these six sets of concerns are some of the key challenges for
contemporary vocational education. In the next section, the discussion focuses
on curriculum and pedagogic practices that are responsive to these sets of concerns.

12.3

Responsive curriculum and pedagogic practices

The above raise questions about the kinds of curriculum and pedagogic practices that can support occupational competence, job readiness, adaptability and
sustain employability across working life. These issues are addressed in the
following sections that offer seven considerations: i) institutional-based activities that insight authentic work experiences, ii) organizing and providing
workplace experiences, iii) intentionally and actively integrating students’ experiences; iv) educational processes promoting adaptability, v) securing hard
to learn knowledge, vi) promoting learning agency, and vii) provisions of continuing education and training.
Institutional-based activities that incite authentic work experiences
The provision of experiences in educational institutions that are similar to those
associated with the circumstances of their application has been long understood as being important for robust learning (Raizen, 1991). It follows that for
the development of occupational capacities, it is important to provide students
with authentic experiences of the occupations for which they are being prepared to participate. Below, it is been suggested that it is important to provide
students with workplace experiences and then reconcile what they have learnt
in workplace settings with the goals of their vocational education courses.
However, it is not always possible for students to secure workplace experiences. Whereas some countries and occupations have very strong traditions of
providing workplace experiences, others do not. It is very common in Germany
for vocational students to engage in significant amounts of work experiences,
whereas over one of their borders in the Netherlands there is not such a strong
tradition of providing students with work experiences (de Bruijn, Billett, &
Onstenk, 2017) and in France there is a cultural sentiment separating work
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from education (Veillard, 2015). Indeed, the Netherlands in their vocational
education and applied science universities there is a strong emphasis on providing what is referred to as hybrid experiences within those institutions (Zitter,
Hoeve, & de Bruijn, 2017). That is, students are provided with simulation or
project work that is similar to the kinds of activities that comprise the occupational practice. Likewise, in Singapore were many of the postsecondary education institutions (i.e. the polytechnics and the Institute for Technical Education) also use project type activities within the institutional setting. For instance, in one of the polytechnics, the information technology students engage
in the tasks of assisting other students with setting up their laptops and tablets
with the polytechnics systems and then engage in a helpdesk and troubleshooting when students have problems. That is, the students are engaging in authentic activities associated with information technology tasks. Of course, with the
increasing requirements for competence with digitally-enacted forms of work
it becomes necessary for the educational experiences and teaching processes
to encompass those requirements as (Petri Nokelainen, Nevalainen, & Niemi,
2018) propose.
There are two broad considerations here: curriculum and pedagogy. In
terms of curriculumthe activities that are organized for students and their
sequencingconsideration of shared or individual projects associated with the
field of study, simulated activities (e.g. training restaurants, IT help desks) can
provide students with educational activities that are closely linked with their
intended occupation. This approach to curriculum engages students in the
kinds of goal-directed activities that are associated with that occupation and,
therefore, have high levels of authenticity associated with the knowledge targeted for them to learn. Also, these kind of projects and simulated activities
engage students in a way that more passive forms of education are unlikely to
be able to achieve. That is because the students are put in the ‘driver’s seat’:
they must make decisions and complete actions and then monitor and evaluate
those actions. We know that this kind of engagement and kind of thinking and
acting is what is required for developing the higher-order capacities required
for many occupations.
So, these kinds of experiences are important educationally and the more
they can be made authentic in terms of the kinds of activities and interactions
they comprise the more likely that students will generate the understandings,
procedures and dispositions associated with occupational practices. That will
assist them learn that knowledge in ways encouraging utilization, recall, and
are also aligned with performing occupational tasks upon graduation.
In terms of pedagogic practice, the teachers’ ability of to use narratives,
storytelling and verbalize the kinds of knowledge that needs to be learnt using
instances from practice is likely to be tickly helpful for students to learn and
recall what has been taught (Billett, 2014b). Activities that emphasize the utilization of the knowledge outside of the circumstances in which is being taught
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will assist students learn about the applicability of that knowledge and assist
them through providing experiences which are not able to be directly engaged
by them.
Organizing and providing workplace experiences
Currently, in many countries, vocational education systems are increasingly
organizing and providing workplace experiences to assist students learn the
kinds of knowledge that they require to effectively practice their preferred occupation. Important goals outlined above are associated with securing canonical occupational knowledge and understanding variations of that knowledge
and how they apply in different workplace circumstances, the need for workplace experiences becomes pre-eminent. Workplace experiences provide access to: i) authentic activities and interactions; ii) richly contextualized experiences that engage students in multisensory ways and provides clues and cues
about how they need to engage in their work; iii) purposive goal-directed activities that are aligned with the kinds of knowledge that students need to learn
for their intended occupations; iv) engaging students in goal-directed activities
that require them to resolve problems and through them learn; v) securing episodic experiences from which important causal and propositional links are developed; and the ability to monitor the activities in which they engage (Billett,
2015). These work-based experiences are much more than complementing
those that students have within educational institutions. Instead, they make
specific kinds of contributions and sources of knowledge that might not be
found outside of them. Also, as the activities and interactions are authentic the
cognitive consequences are likely to be of the kind that assist learners develop
capacities that they can recall, utilize and further develop. Rogoff and Lave
(1984) captured the cognitive consequences of such activities with the phrase
that activity structures cognition.
Of course, the kinds, extent and quality of the work experiences that students secure is dependent on those activities and interactions they can engage
in and how they engage in workplaces, their duration, variation and the degree
by which students are guided and supported in workplace settings as they engage in occupational goal-directed activities. Moreover, there is a risk that if
poor or inappropriate practices are being enacted, these are what students will
be exposed to and potentially learn (Billett, 1995). So, the quality and appropriateness of these experiences may differ from setting to setting which provides uneven and potentially unhelpful experiences for students. Yet, it is difficult for educators to influence the organization and provision of workplace
experiences for their students which are normally subject to the imperatives of
workplaces. Yet, much can be done by vocational education institutions and
their teachers to intentionally augment students’ workplace experiences and
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integrate them effectively in students’ educational program. This is discussed
next.
Intentionally and actively integrating students’ experiences
Workplace experiences provide learning opportunities that are often quite different than those that can be provided through vocational education institutions
and can secure specific kinds of learning. But, as noted, there can be inherent
limitations in those experiences. Consequently, there is a need not only to include these experiences within the provision of vocational education, but also
find ways of integrating those workplace experiences and the learning derived
from them into the vocational program (Cooper, Orrel, & Bowden, 2010). At
one level, the concern is to organize and provide experiences in ways that helps
students’ development of occupational capacities. Yet, at another level, the aim
is to engage students in ways that maximize their learning from them and to
integrate that learning with what they is being learnt through participation in
their vocational education course (Orrell, 2011). So, again, there is need to
consider both curriculum (i.e. the provision of experiences) and pedagogies
(i.e. utilization of those experiences). The findings of a large tertiary teaching
project on the integration of workplace experiences identified some of the curriculum and pedagogic practices that could be adopted (Billett, 2011a). In Table 1, below issues associated with the intended (i.e. what is designed and
planned), enacted (i.e. what occurs with implementation) and experienced (i.e.
what students experience and learn) curriculum are set out. These were derived
from a national project comprising studies from across a range of occupational
disciplines in tertiary education institutions.
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Table 1: curriculum considerations for integrating workplace experiences (Billett 2015)
Intended curriculum:
what is planned

Enacted curriculum:
what is implemented

Experienced curriculum:
what students experience
and learn

being clear about what is to
be learnt through workplace experiences

augmenting or maximising
available opportunities
(e.g. appropriate settings)

Students’ interest and
readiness central to their
engagement and learning
in practice settings, and
reconciling it with their
coursework

aligning experiences provided for students with the
intended learning outcomes

considering options other
than supervised placements to secure experiences

immediate concerns (e.g.
performing in practicum)
focus of students' interest

aligning the duration of experiences with educational
purpose (e.g. orientation vs
skill development)

accounting for students’
readiness (e.g. interest, capacities, confidence) when
selecting and enacting experiences

early and staged engagement in practice settings
boosts many students' confidence to re-engage and
learn effectively

intentionally sequencing
preparatory experiences to
secure, consolidate and
reconcile learning from
practice experiences

additional or specific experiences may be needed
for student cohorts (e.g.
overseas students)

challenges to personal confidence and competence
can be redressed by effective group processes, including sharing of experiences.

In this table, there are sets of considerations for how the intended curricula
might be organized to optimize the integration of students’ experiences in work
settings. Also, there is a set of practices associated with the implementation of
the curriculum (i.e. the enacted curriculum) that can inform practices and priorities associated with its enactment. Then, and perhaps most importantly, are
a set of considerations about how students will come to understand and engage
with what has been implemented and experienced by them (i.e. the experience
curriculum).
Beyond these curriculum considerations are also processes associated with
pedagogic practices that could be used to augment students experiences by assisting them integrate and reconcile the experience says they have had in work
settings with those that comprise the curriculum being enacted. In Table 2,
below are set out some suggestions that arose through the national study on
what kind of pedagogic interventions might occur before, during and after
workplace experiences. What can be seen here is the importance of preparatory
activities prior to students engaging in work settings, and then interventions to
promote student learning during their workplace experiences. It was also found
that having interventions after the students have experience work practice was
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particularly helpful as students had experiences that they could compare, share
and critically appraise with other students. These interventions also open up
considerations of opportunities for students to develop understandings about
the occupational practice, and variations of that practice in action. This phase
also has the potential for students to develop understandings about practice in
action and develop critical capacities to appraise work situations and the efficacy of kinds of practices. This latter kind of learning is important for ongoing
learning that these students will require on graduation and as they continue to
confront changes across their working life, and largely learn in the absence of
teachers and educational programs.
Table 2: Pedagogic strategies for promoting integration of workplace learning experiences (Billett 2015)
Before workplace
experience

During workplace
experience

orient students to requirements for effectively engaging in work practices

direct guidance by more
experienced practitioners
(i.e. proximal guidance)

clarify expectations about
purposes of, support in and
responsibilities of parties in
practice settings etc.

active engagement in pedagogically rich work activities or interactions
(e.g. handovers)

prepare students to engage
as agentic learners (e.g. importance of observations,
engagement)

effective peer interactions
(i.e. students’ collaborative learning)

develop procedural capacities required for tasks in
workplace

active and purposeful engagement by the students
as learners in workplace

After workplace
experience
facilitate the sharing and
drawing out of students’
experiences
make explicit links to, and
reconciliations between,
what is taught (learnt) in
the academy, and what is
experienced in practice settings
emphasise the active and
selective qualities of students’ learning through
practice
generate students’ critical
perspectives on work and
learning processes

prepare for contestations
that might arise

It follows from the findings of this teaching and learning grant (Billett, 2015),
that there are actions that can be taken in the design and implementation of
vocational education programs that can assist in the effective provision and
integration of students experiences in workplaces with what they are learning
in their programs. Perhaps most important, was the interventions that occurred
after students had completed their work experiences as these provided opportunities for them to develop knowledge from what they had experienced and
could engage with and learn from other students’ experiences vicariously and
critically. An element of the pedagogic practices outlined here is to assist students be able to adapt what they have learnt through these experiences to other
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circumstances and settings. That is, to promote their ability to adapt that
knowledge. This is quite central to robust educational outcomes and specific
considerations of how this adaptability might best be generated.
Educational processes promoting adaptability
As noted, a fundamental concern for the outcome of education per se is the
ability of students to adapt what has been learnt within educational programs
to circumstances outside of and beyond them. This is a key issue for vocational
education, with its focus on preparing students to apply their knowledge in
workplaces upon graduation when they secure employment beyond graduation. It is sometimes referred to as transfer (Mayer, 2001) or the development
of transferable knowledge (Royer, 1979). This kind of learning is always not
easily derived from direct teaching, but can be guided in its development
(Brown & Palinscar, 1989; Palinscar & Brown, 1984). Instead, other kinds of
experiences are often required, albeit supported by teacherly practices to promote adaptability, such as reciprocal teaching and learning (Palinscar &
Brown, 1984), guided learning rather than teaching in classrooms (Brown &
Palinscar, 1989; Collins, Brown, & Newman, 1989) and workplaces (Billett,
2000).
Here, a key curriculum goal is the development of understandings and
practices (i.e. informed principles and practices) that promote adaptability.
That is, identifying and assist in students develop understandings and procedures that will assist them adapt what they know, can do and value to changing
or other circumstances. This can be realised in several ways, one of which is
having students share their experiences of different work and identifying what
is common across the enactment of that occupation (i.e. the canonical
knowledge of the occupation) and what is to specific work settings (i.e. situational requirements). So, to take an example, student nursing assistants might
experience nursing in a whole range of health care settings (i.e. different kinds
of wards) and then be asked to identify those aspects of nursing practice that
are common to all those settings, and those that are specific to just one or some
of them. The former can be taken as being the canonical knowledge of nursing
assistants, and the latter nursing practices that are peculiar to specific kinds of
wards or clinical settings. What they would learn from this experience is that
there are concepts, procedures and dispositions that are common to nursing and
then variations of them that are relevant to specific nursing circumstances.
It is the combination of developing canonical occupational knowledge
alongside the understandings of variations and situational requirements that
can provide a basis for using occupational knowledge adaptively. By, engaging
with other students to compare their experiences of work settings, albeit facilitated by the teacher, it opens up a range of options and possibilities that permit
them to realise that there are variations in that practice, and for what reasons
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and how these might be accommodated within enactment of the occupation.
Consequently, providing opportunities for students to engage in sharing, discussion and dialogue are likely to be important, as, if possible, students rotating
through different kind of work settings and circumstances of occupational
practice. Even then, those experiences alone may be insufficient unless there
is the opportunity to consider, discuss and extend knowledge about those practices. Also, it may be necessary to guide that process of identifying canonical
and situated instances of nursing practice. So, for instance, the teacher might
provide a list of nursing competencies and asked students to appraise these
against their own experiences. That is, identifying what is canonical and what
is situated requirements.
This concern with adaptability is fundamental to the educational project.
Education institutions and their programs have been established not just for
learning that is relevant to them but need to be applicable to circumstances and
activities that are distinct from those enacted in educational institutions. Consequently, focusing on strategies that seek to extend the applicability of what
students come to know, do and value is likely to be a crucial consideration in
vocational teaching. This is particularly relevant in the contemporary era were
change in workplace and occupational requirements, occurs so frequently.
Securing ‘hard-to-learn’ knowledge (e.g. digital)
A growing element of contemporary work is to engage with tools and artefacts
that are premised on digital knowledge (Harteis, 2018a). As indicated above,
the increased use of conceptual and symbolic knowledge as part of workplace
performance requirements, now extends to this kind of knowledge. It has increased with the use of electronic technology and the digital systems that shape
work activities (Schneider, 2018). This kind of electronically-mediated work
is lessening need for the direct use of tools that must be manipulated manually
and the importance of ergonomic capacities such as deftness of hand movements (Harteis, 2018a). It is noteworthy that, however, there are three concerns
associated with learning conceptual and symbolic knowledge. Firstly, they are
sometimes quite difficult to capture and represent in written form (e.g. force,
electronic systems, information processing). Secondly, they can be difficult to
access because there is no direct engagement with them (e.g. they cannot be
directly experienced). Thirdly, these kinds of knowledge are often difficult to
be taught, and therefore need to be learnt through processes of guidance and,
experiences that make this knowledge explicit. Science education has long
struggled to address the problem of developing conceptual knowledge in
school classrooms (Diakidoy & Kendeou, 2001; Novak, 1990; Vosniadou et
al., 2002). That is, how can students learn concepts that they cannot directly
experience. Literature from that field suggest the importance of making that
knowledge explicit in some ways and able to be experienced or engage with or
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even visualised (i.e. represented in some way) and then having students construct meaning from those explicit representations. That is, actively engage
students in the construction of the conceptual knowledge.
For vocational education, more broadly, the kinds of pedagogic divisions
and practices required for developing conceptual knowledge are as follows.
Firstly, consideration needs to be given to the kind of experiences and forms
of learner engagement that are most likely to be able to represent that
knowledge, on the one hand, and, on the other, have processes that students
come to engage with it. It has been suggested (J. S. Brown et al., 1989) that
students engaging in developing a conceptual model of the task is important as
this provides the learner with:
• an advanced organiser for attempting to execute the task;
• bases to utilise feedback, hints and corrections during interactions;
• an internalised guide for independent practice by successive approximations; and
• a conceptual model which can be updated (Collins et al., 1989)
It is these kinds of considerations that can be particularly helpful for students
to construct these ‘hard to learn’ kinds of knowledge that are required for digitised work. This development can also be underpinned by the provision of
authentic activities that deliver concrete instances of how that knowledge
needs to be utilised and for what purposes and these activities also assist with
indexicality (i.e. the construction of knowledge in ways that permits its utilisation and recall). So, a key consideration is making accessible and explicit the
conceptual and symbolic knowledge that is so central to digitised work and
workplaces. This kind of access can be provided using stories, analogies, explanations, and illustrations by teachers drawing upon specific instances of
practice that exemplify and illustrate the concepts being used.
So, these kinds of pedagogic practices that are important assisting the development of this important, but difficult to access, knowledge.
Promoting learning agency
Throughout the discussions above is the enduring focus on learner engagement. We are reminded here that education provisions are nothing more than
an invitation to change. How students take up the invitation is ultimately fundamental to the effectiveness and success of educational provisions. So, student engagement and agency are central to effective vocational education, and
how graduates come to adapt their knowledge on the world of work beyond
that education and engage in the kind of effortful learning that is required to
have a long productive working life (Goller, 2017). So, the issue of learning
agency becomes quite central here. It is that agency that shapes the focus, intensity and direction of students’ learning. However, there are some considerations associated with promoting learning agency that are outlined briefly here.
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Firstly, student readiness (i.e. their ability to engage activities), and an awareness of their readiness is essential starting point for encouraging students to be
proactive, interdependent and directed in their activities and learning. Secondly, having goals and processes that attract and sustain student engagement
seem to be important. That is, having activities that are relevant, interesting
and worthwhile to them. Central here is the idea of developing a strong sense
of subjectivity associated with the occupation that incites students’ effortful
engagement in their learning. So, an important goal is to assist students come
to recognize their occupation as their vocation (i.e. something that they come
to associate with and engage).
Consequently, and fourthly, selecting and providing educational experiences that engage learners and they be interested in engaging effortful is likely
to be required for the kinds of learning needed to become adaptable occupational practitioners. Part of that curriculum and pedagogic process is to place
them in the circumstances where they must take responsibility for their thinking and acting, and learning. That is, putting them in the driver’s seat, so to
speak, because it is important that they engage in the thinking and acting required for the tasks set for them, rather than these being done by somebody
else. Of course, guidance and support are provided by teachers, but fundamentally, the focus is on the agency and interdependence of learners. Practical consideration for developing these capacities is having students evaluating their
peers’ processes and outcomes and this kind of activity can develop the kinds
of evaluative and critical capacities that people need to effectively monitor and
evaluate their own work practices.
So, there are a set of activities that can be used to intentionally promote
student learning agency, and these are central to many of the considerations
raised above.

12.4

Developing a skillful and adaptable workforce in the
era of digitalization

It has been proposed above that changes in occupational, workplace requirements and working life prompt a reappraisal of the goals and processes of vocational education. A broader view of curriculum and pedagogies need to be
considered, engaged with and enacted to accommodate changes in educational
goals for vocational education. These include addressing the specific requirements of workplaces as well as developing occupational competence; learning
knowledge that is difficult to directly experience conceptual and symbolic
knowledge required for digitized work and workplaces. Throughout, the importance of students to become active and intentional learners for their initial
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preparation, but also that ongoing development across working life. It is proposed here that a way forward is to adopt curriculum and pedagogic practices
that are aligned with achieving these kinds of outcomes. This includes a consideration of what constitutes effective educational experiences (both within
educational institutions and workplaces), ordering and reconciling these two
sets of experiences, the use of educational interventions that can generate the
kinds of capacities within vocational education students and assisting students
become active and intentional learners across their working life. Educational
interventions are likely to be required to address the growing elements of occupational ‘hard to learn’ knowledge that is required for much of contemporary
work (Harteis, 2018b). Promoting learner agency and interdependence is likely
to be an important educational outcome, not just for immediate employability,
but for learning across working life.
To do this requires a consideration of what constitutes the existing and
emerging requirements for occupational and workplace performance and then
aligning these with the kinds of curriculum and pedagogic practices that vocational education institutions need to advance and the kinds and quality of engagement that students need to adopt and practice. These concerns are not just
about individuals’ personal learning, they extend to the efficacy of work practices, workplaces and communities and learning required for digitized work.
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