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Abstract 1

Abstract

In Industry 4.0 (so named in reference to the three preceding industrial revolutions), real-
time data transmission connects the stakeholders of industrial production chains not only hori-
zontally, but also vertically. Due to this networking, one no longer speaks of mere production
chains that tie the suppliers with the final production, but of so-called value-added networks.
These networks enable the production of goods in “batch size one”, i.e. individual items at the
price of mass-produced ones, through intelligent control systems. While the term “Industry 4.0”
originated in Germany, the flexibility it refers to has also become an important element for
business and science beyond German-speaking countries. The increasing interconnectedness
offers customers an individualization of their desired product with a high quality and at an
affordable price.

However, the smoothly interconnected processes required for this also increase the com-
plexity of production. This complexity also affects jobs and job-related tasks. These will un-
dergo change, because numerous tasks, depending on the profession, will be eliminated and
new ones added. One consequence of this will be that the job-related competencies of employ-
ees will also have to change, depending on the substitutability of the respective job-related
tasks. At present, the transformation of production chains into Industry 4.0 value-added net-
works is still mostly of a conceptual nature. Nevertheless, it can be assumed that the manufac-
turing and technical professions in production will be the first affected by the changing require-
ments.

As aresult of increasing interconnectedness, the demand for multidisciplinary competencies
is increasing, especially for technical tasks. Furthermore, many of the classic work tasks are
shifting to the digital context, which means that digital competencies are increasingly needed
in addition to job-specific and technical competencies. The first research question was ad-
dressed in this thesis is therefore which multidisciplinary digital competencies technical voca-
tional students should possess in the future in order to be adequately prepared for the require-
ments of Industry 4.0. In order to promote the necessary competence development of technical
vocational students, so-called Learning Factories 4.0 were implemented in vocational schools
in Baden-Wuerttemberg. These are model-like, interconnected industrial production facilities
and can represent batch size one production with all the consequences and necessary interfaces.
This led to the second research question, namely whether Learning Factories 4.0 can support
the desired development of competencies among technical vocational students.

To provide a valid answer to these research questions, an explorative mixed-method re-

search design was chosen for this dissertation. Based on theoretical assumptions, two
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qualitative studies were conducted in which both corporate instructors (study 1) and technical
vocational teachers (study 2) were asked which multidisciplinary digital competencies, in ad-
dition to their technical competencies, will be important for technical vocational students in the
future. The following central competence dimensions were formed from the respective re-
sponses: attitude towards digitization, handling of digital devices, Information Literacy, appli-
cation of digital security, usage of copyright, collaboration, problem solving and self-reflection
in a digital context. These competency dimensions and their interrelationships were then em-
pirically tested and modified through a quantitative study using a structural equation model
(study 3), confirming attitudes towards digitization as a predictor of the conceptual model of
multidisciplinary digital competencies. Finally, the development of competencies through the
support of Learning Factories 4.0 in vocational schools was investigated (study 4). The results
indicate that subject-related technical competencies develop significantly better through the
support of Learning Factories 4.0 than without the use of these learning environments.

The model of multidisciplinary digital competencies should be understood as a conceptual
model in the context of German technical dual education and training that complements the
models of digital competencies and 21* century skills. Therefore, this dissertation provides a
complementary contribution to a hitherto insufficiently researched field of digital competence
research and the integration of Learning Factory 4.0 in technical vocational training. Practical
implications for technical training can be derived from the results of the conducted studies. By
systematically integrating multidisciplinary digital competencies into the respective vocational
training, technical vocational students could be better prepared for the requirements of inter-
connected working in Industry 4.0. In this matter, and in the research area of Learning Factories
4.0 at vocational schools, this dissertation offers further research ideas for future studies in order
to expand the scientific evidence of these technology-based instructional systems and thus to
promote the development of competencies. Due to the different limitations of the individual
studies, suggestions for possible avenues of further research are provided. The findings are dis-

cussed and practical implications are derived from them in this dissertation.
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Zusammenfassung

In der Industrie 4.0 werden durch die Dateniibertragung in Echtzeit die Stakeholder von
industriellen Produktionsketten nicht nur horizontal, sondern auch vertikal miteinander verbun-
den. Aufgrund dieser Vernetzung spricht man nicht mehr von bloBen Produktionsketten, die
die Zulieferer mit der Endproduktion verbinden, sondern von sogenannten Produktionsnetz-
werken. Diese ermoglichen es durch entsprechend intelligente Steuerungssysteme Giiter in Los-
groBe 1, also Einzelstiicke, zu den Kosten einer Massenproduktion, zu produzieren. Diese Fle-
xibilitdt nennt man in Anlehnung an die vorangegangenen drei industriellen Revolutionen auch
»Industrie 4.0 und ist mittlerweile auch aullerhalb des deutschsprachigen Raums ein wichtiger
Bestandteil fiir Wirtschaft und Wissenschaft. Die zunehmende Vernetzung bringt dem Kunden
eine entsprechende Individualisierung seines gewliinschten Produktes bei hoher Qualitit und zu
einem bezahlbaren Preis. Allerdings steigert sich durch die dafiir bendtigten, reibungslos mit-
einander vernetzten, Abldufe auch die Komplexitit der Produktion. Diese Komplexitéit wirkt
sich auch auf die Arbeitspldtze und -aufgaben aus, weil, je nach Beruf unterschiedliche Aufga-
ben wegfallen und neue hinzukommen. Eine Konsequenz hieraus wird es sein, dass sich die
berufsbedingten Kompetenzen der Arbeitnehmer, je nach Substituierbarkeit der jeweiligen be-
rufsfeldbezogenen Arbeitsaufgaben, ebenfalls &ndern werden miissen. Momentan ist die Trans-
formation der Produktionsketten zu Wertschopfungsnetzwerken der Industrie 4.0 meist noch
eher konzeptioneller Natur. Dennoch ldsst sich erahnen, dass gerade die produzierenden Berufe
in der Produktion von den sich verdndernden Anforderungen zuerst betroffen sein werden.
Durch die zunehmende Vernetzung wird der Ruf nach tiberfachlichen, also multidisziplindren
Kompetenzen, gerade bei technischen Arbeitsaufgaben, lauter. Des Weiteren verschieben sich
viele der klassischen Arbeitsaufgaben in den digitalen Kontext, womit neben den berufsspezi-
fischen und fachlichen Kompetenzen auch vermehrt digitale Kompetenzen benétigt werden.
Hierbei tat sich eine erste Forschungsfrage auf, inwiefern technische Auszubildende zukiinftig
iiber welche multidisziplindren digitalen Kompetenzen verfiigen sollten, um adéquat fiir die
Anforderungen der Industrie 4.0 vorbereitet zu sein. Um die notwendige Kompetenzentwick-
lung von technischen Auszubildenden fiir die Industrie 4.0 zu férdern, wurden in gewerblichen
Berufsschulen in Baden-Wiirttemberg sogenannte Lernfabriken 4.0 implementiert. Diese sind
modellhafte, vernetzte industrielle Fertigungsstétten und konnen eine Losgrofle 1 Produktion
mit all den Konsequenzen und notwendigen Schnittstellen darstellen. Daraus resultierte die
zweite Forschungsfrage, ob Lernfabriken 4.0 die gewiinschten Kompetenzentwicklungen bei

technischen Auszubildenden unterstiitzen konnen.
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Fiir eine valide Beantwortung dieser Forschungsfragen wurde in dieser Dissertation ein ex-
ploratives Mixed-Method-Forschungsdesign gewihlt. Basierend auf theoretischen Annahmen
wurden in zwei qualitativen Studien sowohl Ausbildungsverantwortliche (Studie 1), als auch
gewerbliche Berufsschullehrer (Studie 2) befragt, welche multidisziplindren digitalen Kompe-
tenzen neben den fachlichen Kompetenzen fiir technische Auszubildende zukiinftig wichtig
werden. Aus den jeweiligen Antworten wurden die folgenden zentralen Kompetenzdimensio-
nen herausgebildet: Einstellung gegeniiber Digitalisierung, Handhabung von digitaler Hard-
und Software, Information Literacy, die Anwendung von digitalen Sicherheitsmafinahmen, das
Nutzen von Copyright, adidquates kollaboratives Handeln, Problemlésefihigkeiten, sowie das
Selbstreflektieren im digitalen Kontext. Diese Kompetenzdimensionen und ihre Zusammen-
hidnge wurden dann durch eine quantitative Studie mithilfe eines Strukturgleichungsmodells
(Studie 3) empirisch tliberpriift und modifiziert, wobei die Einstellung gegeniiber Digitalisie-
rung als Pradikator fiir das konzeptuelle Modell der multidisziplindren digitalen Kompetenzen
bestétigt wurde. AbschlieBend wurde der Kompetenzerwerb durch Unterstiitzung der Lernfab-
riken 4.0 in gewerblichen Berufsschulen untersucht (Studie 4). Die Resultate deuten darauf hin,
dass sich bestimmte Kompetenzen durch die Unterstiitzung von Lernfabriken 4.0 signifikant
besser entwickeln, als ohne die Nutzung dieser Lernumgebungen.

Das Modell multidisziplindrer digitaler Kompetenzen ist als konzeptionelles Modell im
Kontext der deutschen gewerblichen dualen Ausbildung zu verstehen, dass die Modelle der
digitalen Kompetenzen und der 21 century skills ergénzt. Diese Dissertation leistet somit einen
ergidnzenden Beitrag in einem bislang unzureichend erforschten Feld der digitalen Kompetenz-
forschung und der Lernfabrik 4.0 Integration in den gewerblichen Berufsschulunterricht. Aus
den Resultaten der durchgefiihrten Studien lassen sich praktische Implikationen fiir die techni-
sche Ausbildung ableiten. Durch systematische Integration der multidisziplindren digitalen
Kompetenzen in die jeweilige Ausbildung, konnten die technische Auszubildenden besser auf
die Anforderungen einer vernetzten Arbeitswelt in der Industrie 4.0 vorbereitet werden. In die-
sem und im Forschungsbereich der Lernfabriken 4.0 an beruflichen Schulen, bietet diese Dis-
sertation fiir zukiinftige Studien weitere Forschungsideen an, um die wissenschaftliche Evidenz
dieser technologiebasierten instruktionalen Systeme weiter auszubauen und somit die Entwick-
lung entsprechender Kompetenzen weiterhin zu fordern. Aufgrund der unterschiedlichen Limi-
tationen der einzelnen Studien werden Vorschlige zu moglichen Methoden weiterfiihrender
Forschungen unterbreitet. Alle gewonnenen Erkenntnisse werden in dieser Dissertation in einen

praktischen Bezug gesetzt und diskutiert
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1. Introduction

In this introduction, first the general motivation behind this thesis is described: why it is
worthwhile to address this topic (section 1.1)? Subsequently, the research questions of this the-
sis are presented (section 1.2) and then discussed more specifically (section 1.3). Then the struc-

ture of the thesis is described (section 1.4).

1.1 Motivation

Previous industrial revolutions not only involved revolutionary technological develop-
ments but also changed the workplaces of their respective times. Their revolutionary growth of
efficiency relied on the comprehensive implementation of new technologies in industrial pro-
duction. The transition from new and larger quantities to also significantly better quality of the
products marks the systematic industrial transformation (Popkova et al., 2019). Industrialization
started at the end of the 18" century in England (Crafts, 1977) through industrial usage of water
and steam power and other technologies, which enabled the broad implementation of mechan-
ical production systems (Bruland & Smith, 2013). The first industrial revolution changed the
demands on the workers’ competencies. But due to the lack of data, it has not been conclusively
proven whether the general literacy rate dropped, rose or stagnated during the first industrial
revolution (Nicholas & Nicholas, 1992). De Pleijt et al. (2020) argue that the more an English
county was industrialized, the lower the literacy was, but the more working skills were devel-
oped over time. Comprehensive technological changes had effects on the competence develop-
ment of apprentices, as they needed to operate and maintain new production machinery
(Feldman & van der Beek, 2016). Toward the end of this first industrial revolution, the educa-
tion and the skills and abilities of workers in the factories improved (Nicholas & Nicholas,
1992).

The second industrial revolution took place in the late 19" and early 20" centuries
(Popkova et al., 2019). A key element for this second revolutionary reduction of production
costs was the rise in the use of electric power for industrial purposes (Rosenberg, 1998), and
the division of labour through the transition from stationary factory production to continuous
manufacturing processes (Goldin & Katz, 1998), which enabled mass production. The data sit-
uation for the second industrial revolution is only slightly better than for the first, and again
only limited statements can be made about competence development during this period. But it
is known that the role of formal education was becoming more important (Becker et al., 2011),
since the new industrial technologies increased the demand for basic education (Galor, 2005;

Galor & Moav, 2006). Innovation during this period occurred on the basis of this broader
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general education, but technical competencies were mainly developed by learning within pro-
duction (Sutthiphisal, 2006). Therefore, technologies and needed competencies were in a com-
plementary relationship (Goldin & Katz, 1998).

The third industrial revolution was based on the emergence of usable computers, program-
mable automation (Helfgott, 1986) and the introduction of robotics into mass production since
the second half of the 20" century (Popkova et al., 2019). This also brought about a shift in
competencies (Liu & Grusky, 2013) and a change in work activities, since machines can work
more precisely and do not vary in their performance (Helfgott, 1986). Because for the third
industrial revolution a much better data basis is available for all kinds of research purposes, the
discourse in the scientific literature regarding competence development through industrial rev-
olutions now integrates not only basic schooling or technical competencies, but also the cogni-
tive, creative and social competencies of individuals (Liu & Grusky, 2013).

Now, in 2020, the fourth industrial revolution is said to be in progress (Belinski et al., 2020).
The term “Industry 4.0” reflects the idea that the vertical and horizontal interconnectedness in
value-added networks represents a fourth industrial revolution (Kagermann et al., 2013; Mazak
et al., 2017; Sommer, 2015). In reality, calling the actual shift to real-time-interconnectedness
(Yin et al., 2018) a fourth industrial revolution is more a political strategy of the German gov-
ernment (Kagermann et al., 2013) than it is an end of a transition process from quantitative
implementation to qualitative production in high quantities (Popkova et al., 2019). Conse-
quently, it must be considered that Industry 4.0 is evolving from already existing technology
for connecting digital opportunities with physical production (Hoppe, 2017; ZEW, 2015). But
even if the technology has been implemented in industry for years or decades, the (r)evolution-
ary aspect here is the deep and comprehensive rollout of technological infrastructure, which
enables horizontal and vertical interconnection of any related stakeholders within value-added
networks (Gebhardt et al., 2015; Kagermann et al., 2013). When comprehensive interconnect-
edness is implemented, the quantity-to-quality transition process may be completed (Popkova
et al., 2019), but right now it is not yet (Tenberg & Pittich, 2017). Finishing this transition will
lead to a striking market advantage, because the “batch size one” production enables mass-
individualization at the prize of mass customization (Koren et al., 2015) of the third industrial
revolution (Da Silveira et al., 2001). A further advantage is the real-time data transfer from
physical production via cyber-physical systems. A cyber-physical system (CPS) is defined as
the integration of computational systems with any physical processes (Lee, 2008; Sanchez et
al., 2016). Through the interaction of these CPSs with each other and through sensors with their
environment, networks are created. These networks lead to relevant stakeholders being able to

see the consequences of physical actions by the CPSs in real time (Yin et al., 2018) and, if
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necessary, even feed in changes in the running processes (Longo et al., 2017; Popkova et al.,
2019). This implies an enormous increase in complexity when applied to production with CPS
(Belinski et al., 2020; Kagermann et al., 2013) and will affect everyone who works with it
(Gebhardt et al., 2015; Hecklau et al., 2016).

The scientific literature therefore largely agrees that due to the changing work environment,
the tasks and competencies of shop-floor workers will also have to change in the wake of In-
dustry 4.0 (Belinski et al., 2020). The fact that most industrial shop-floor workers in Germany
are trained in the dual vocational education and training system results in particularly urgent
adjustments in order to prepare future workers as well as possible for the complex challenges
of Industry 4.0 (Gebhardt et al., 2015; Schad-Dankwart & Achtenhagen, 2020; Scheid, 2018).
Zinke et al. (2017) indicate that interconnectedness will not lead to an institutional fusion of
jobs or tasks. Rather, existing tasks will change and new (IT-specific) tasks will be added within
the respective field of work (Stettes, 2018). Those tasks that have so far been related to machine
and plant control will become fewer as a result of Industry 4.0 (Tenberg & Pittich, 2017; Zinke
et al., 2017). Mechanical tasks could become less important, whereas the assessment of circuit
diagrams and technical documentation as well as the handling and understanding of data and
screen interfaces will become more important. Understanding of digital-related systems and
associated problem solving skills will be central challenges in Industry 4.0-related education
(Hecklau et al., 2016; Zinke et al., 2017). In summary, it can be said that the more routine tasks
are currently involved in a profession, the more this profession will be affected by the transfor-
mation of Industry 4.0 (Gerholz & Dormann, 2017; Hirsch-Kreinsen, 2014; Pfeiffer & Suphan,
2015; Tenberg & Pittich, 2017). Future production employees should not only have technical
competencies (Hecklau et al., 2016), but also several multidisciplinary and digital competencies
(Chromjakova, 2019). In this way they can better master the coming challenges of increasing
real-time interconnectedness in the private and working world (Hecklau et al., 2016; Longo et
al., 2017).

There have been many studies on general digital competence models over the years (Ilomaki
et al., 2016). However, because existing studies usually investigated a professional group, a
professional level or industry-specific changes, a transferability of the existing competence
models to technical vocational students is not given (Abele et al., 2019; Hecklau et al., 2016).
In general, studies that deal exclusively with the corresponding competencies of the target group
of technical vocational students are rare. Studies that focus on technical vocational students
often discuss required technical and subject-related competencies and also mention the im-
portance of being digitally competent, but they do not focus on specific digital skills and abili-
ties required for Industry 4.0 (Spottl et al., 2016; Tenberg & Pittich, 2017). Also, many
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explorative qualitative studies with a focus on competencies for vocational training in Industry
4.0 are based on very heterogeneous groups of experts (Abele et al., 2019). For example, in
addition to responsible and experienced corporate instructors and vocational teachers, IT spe-
cialists and managers were usually also surveyed without qualifying the differences in their
opinions on required competencies (Hambach et al., 2017; Spath et al., 2013; Spottl et al., 2016;
Ziegler & Tenberg, 2020). However, pure groups of experts from the dual vocational education
and training system would have to make qualified statements about future competencies of the
technical vocational students. This is because in the dual vocational education and training sys-
tem, the training of future skilled workers takes place on the one hand through their employment
and practical work in companies (Euler, 2004, 2013); on the other hand, these apprentices are
simultaneously vocational students at corresponding vocational schools (Cattaneo & Aprea,
2018). While in vocational schools the vocational teachers teach fundamental theoretical
knowledge, in companies the training is mainly practical. In some occupational trainings, the
theoretical and practical teaching units are combined directly at vocational school, just as it is
common practice in some companies to offer additional theory lessons in addition to the prac-
tical teaching units (Euler, 2013; Gessler, 2017). Even if the acquisition of competencies by the
technical vocational students takes place at the micro level through the cognitive combination
of the two learning locations (Gessler, 2017), the vocational teachers and corporate instructors
responsible for training and education should know best which future competencies their tech-
nical vocational students need in Industry 4.0.

The aim of vocational training is the process-oriented development of professional ability
(Gerholz & Dormann, 2017). In order to achieve the best possible acquisition of competence,
realistic and modern production models should be integrated as far as possible into technical
vocational school lessons (Abele et al., 2015; Zinn, 2014). In preparation for Industry 4.0, this
should be addressed by using state-of-the-art technology and by making optimal use of decen-
tralized learning stations (Zinke et al., 2017). The demand for state-of-the-art industrial tech-
nology for learning purposes will be met in 2021 by the so-called Learning Factories 4.0. Alt-
hough such Learning Factories 4.0 are still quite rare in German vocational schools, they have
been implemented in increasing numbers since 2016 due to political initiatives in the state of
Baden-Wuerttemberg (Ministry for Economic Affairs, Work and Housing, 2017, 2018). But
still, there is currently a lack of empirical evidence regarding the development of multidiscipli-
nary and digital, but also technical, competencies for Industry 4.0 in Technical Vocational
Schools through Learning Factories 4.0 (Scheid, 2018; Zinn, 2014). To reduce this research
gaps and to respond to the demand for adapted concepts of competence in order to avoid nega-

tive employment effects on the labour market (Stettes, 2018), this thesis explores
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multidisciplinary digital competencies within the Technical Vocational Education and Training
(TVET) system. As Figure 1.1 shows, the foci of this thesis are on (1) the educational perspec-
tive of corporate instructors and technical vocational teachers on multidisciplinary digital com-
petencies, (2) the dimensions structure of multidisciplinary digital competencies, and (3) com-
petence development and assessment through Learning Factories 4.0 in Technical Vocational

Schools.

1.2 Research Questions of this Thesis

It will take some time before the transformation to an integrated Industry 4.0 is complete.
Until then, Tenberg and Pittich (2017) recommend that the TVET should use this time to solve
all relevant didactic and methodological issues in order to continue to supply the economy with
well-trained young people. Since these technical vocational students will play an important role
as future shop-floor workers in Industry 4.0 (Scheid, 2018), but are just at the beginning of their
careers and have little experience with working with industrial manufacturing technologys, it is
advisable to interview the closest stakeholders in the dual vocational training to address this
specific research gap (Seufert, 2020). Due to the fact that the technical vocational students are
trained simultaneously by their corporate instructors and their vocational teachers, it is appro-
priate to develop a corresponding competence model based on the combined opinions of these
two groups.

Another, resulting research gap is the lack of empirical validation of the multidisciplinary
digital competencies suggested by corporate instructors and technical vocational teachers. Fur-
thermore, the Industry 4.0-related skills and abilities for technical vocational students that are
suggested in the literature often also lack empirical verification (Gebhardt et al., 2015) by, for
example, a structural equation model like the one Walker et al. (2016) applied to domain-spe-
cific problem-solving competencies of electronics technicians. It is to be assumed that voca-
tional teachers must also have the required multidisciplinary digital competencies themselves
in order to be able to pass these on adequately to their students (Maderick et al., 2015). For this
reason, this validation was carried out with pre-service vocational teachers.

A third research gap, resulting from the two previous, is the integration of Learning Facto-
ries 4.0, which are precisely designed to promote both technical and multidisciplinary digital
competencies (Abele et al., 2019) in technical vocational schools. However, there are no em-
pirical studies on Learning Factories 4.0 in the specific vocational school context (Scheid,
2018).

Hence, the aim of this thesis is to enhance research on multidisciplinary digital competen-

cies from an educational stakeholders’ perspective to generate first empirical evidence and
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promote the theoretical foundation of the model and its related competence development via
Learning Factories 4.0 further by investigating:

- Perceptions of corporate instructors and vocational teachers regarding the current and
future multidisciplinary digital competencies of technical vocational students, consid-
ering the place where these competencies are promoted in the dual vocational education
and training system.

- Validation of multidisciplinary digital competencies of pre-service vocational teachers
via structural equation modelling.

- Empirical competence development of technical vocational students while they are
learning at a Learning Factory 4.0.

In summarized form, the research question of the present thesis therefore is:
Which multidisciplinary digital competencies will educational stakeholders require
from technical vocational students in the future in order to compete in Industry 4.0, and
what role can Learning Factories 4.0 play in the acquisition of these competencies in
technical vocational schools?

In order to answer this open research question, it was divided into several specific research

questions, which were then answered through different studies.

1.3 Specific Research Questions

A mix of qualitative and quantitative research methods was conducted and a conceptual
model of multidisciplinary digital competencies was proposed. For this reason, this thesis con-
sists of two qualitative and two empirical studies, which are presented here in four separate
chapters that build on each other. However, a scientific work on multidisciplinary digital com-
petencies, valid in content, informative and broadening the research horizon, is explored here
with these following foci, as shown in Figure 1.1:

- Perceptions of corporate instructors and vocational teachers

- Validation through pre-service vocational teachers

- Development through Learning Factories 4.0.

The thesis was designed with an explorative design that started with two qualitative studies
and was then complemented by two quantitative studies (Creswell, 2008). After various adjust-
ments to the competence model, the actual competence development in the classroom was

measured using Learning Factories 4.0.
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Figure 1.1

Overview of the different research foci of this thesis

Technical vocational
teachers’ perceptions
(study 2)

Corporate instructors’
perceptions (study 1)

( \

Educational perspectives
on multidisciplinary
digital competencies

Specifying a model of Multidisciplinary Learning Factories 4.0
multidisciplinary digital Digital fostering vocational
competencies Competencies competence development

Externally-assessed Self-assessed Development of subject Development of
multidisciplinary digital multidisciplinary digital related technical multidisciplinary digital
competencies (study 3) competencies (study 3) competencies (study 4) competencies (study 4)

A brief summary of the studies undertaken to investigate the research foci of this thesis, and of
the research questions they address, can be found in the following section. At the end of the
next section, Table 1.1 summarizes the research design, the type of instruments, the analysis

methods selected and the respective sample sizes of the three conducted studies.

1.3.1 Corporate Instructors’ Perceptions (study 1)

In the dual vocational education and training system, corporate instructors play one of the
two central roles in the vocational training of future shop-floor employees. In addition, these
instructors work in companies that reflect on the consequences of Industry 4.0. Consequently,
the first study (chapter 3) explores the expectations of these industrial representatives in the
German dual vocational education and training system with regard to non-technical, i.e. multi-
disciplinary and digital abilities and skills for their future technical vocational students in In-
dustry 4.0. In particular, this exploratory study was guided by the following research questions:

- How do those responsible for training assess the current state of the dimensions of mul-
tidisciplinary digital competencies among technical vocational students?

- What influence does Industry 4.0 have on the future multidisciplinary digital compe-
tencies of technical vocational students from the perspective of those responsible for
training?

- Furthermore, it was also described how cooperation between vocational schools and
companies will be changed by Industry 4.0 in order to best promote multidisciplinary

digital competencies?
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1.3.2  Technical Vocational Teachers’ Perceptions (study 2)

The complementary educational perspective in the dual vocational education and training
system is that of the vocational school teachers, who are responsible for teaching theoretical
knowledge. Accordingly, a survey of in-company instructors must also be supplemented by the
school side. Since in the technical field the instructors themselves are increasingly using Learn-
ing Factories 4.0 to link to practice, the study surveyed the teachers who already use them.
Study 2 (chapter 4) was therefore based on the following research questions:

- Which role do digitization and Industry 4.0 have for Technical Vocational Schools?

- What multidisciplinary digital competencies do the technical vocational teachers most

expect for Industry 4.0?

- How do technical vocational teachers integrate Learning Factories 4.0 into their teach-

ing?

1.3.3  Model Development of Multidisciplinary Digital Competencies (study 3)

As vocational students should also develop those competencies in vocational schools, their
future vocational teachers need to develop those competencies as well. Because no significant
differences in multidisciplinary digital competencies were found in the sample between the
participating pre-service vocational teachers with and those without prior vocational training,
this study can also be used in this context for further model examination (Instefjord & Munthe,
2017; Sloane, 2019; Tenberg, 2020). Therefore, study 3 (chapter 5) examines the structure of
the dimensions of competence suggested by the previous studies to revalidate the model on pre-
service vocational teachers. Because attitudes toward digitization can be a predictor of self-
assessed digital literacy (Yerdelen-Damar et al., 2017), this study also inspects how these atti-
tudes affect performance in a test for multidisciplinary digital competencies. The study also
investigates whether the self-assessment of pre-service teachers can predict the results of the
externally-assessed test of multidisciplinary digital competencies. The research questions guid-
ing study 3 were:

- How do the dimensions of competence influence the multidisciplinary digital compe-

tencies?

- What influence does the attitude towards digitization have on multidisciplinary digital

competencies?

- How can the self-assessed multidisciplinary digital competencies predict the results of

an objective and externally assessed test of multidisciplinary digital competencies?
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1.3.4 Competence Development through Learning Factories 4.0 in Technical Voca-

tional Schools (study 4)

Following the previous studies, the competence model still needs to be evaluated in daily
school practice. A major aim of Learning Factories 4.0 in Technical Vocational Schools is to
foster competence development in order to prepare their learners for the challenges of Industry
4.0 (Scheid, 2018). They should therefore promote not only technical, but also multidisciplinary
digital competencies. Consequently, the resulting research questions of study 4 (chapter 6) were
the following:

- How do the multidisciplinary digital competencies of technical vocational students de-

velop over time for different levels of usage of Learning Factories 4.0?
- How do different levels of Learning Factory 4.0 usage affect the development of sub-
ject-related technical competencies of technical vocational students?
In addition to the research questions mentioned in this section, Table 1.1 summarizes the
research design, analysis methods and sample size for each study.

Table 1.1

Overview of studies conducted for this thesis

Study  Study 1 Study 2 Study 3 Study 4

Title Development of ~ The Impact of Multidisciplinary ~ Learning Factories
Multidisciplinary ~ Learning Facto- Digital Compe- 4.0 in Technical
Digital Compe- ries on Multidis-  tencies of Pre- Vocational
tencies in Dual ciplinary Digital Service Voca- Schools:
Vocational Edu- Competencies tional Teachers Can They Foster
cation from the Competence De-
Instructor Per- velopment?
spective

Re- . . . .
Qualitative re- Qualitative re- Quaptltgtlve and Quag‘utgtwe and

search search anproach search approach qualitative re- qualitative re-

design pp pp search approach search approach

Instru- Exploratory Exploratory Single choice :

ments . . questionnaire and  Open questions
semi-structured semi-structured . . .
. . . . open questions questionnaire
interview study interview study . .

questionnaire

Analy- Inductive content  Inductive content  Structural equa- Scheirer-Ray-Hare

sis . test (repeated
analyses analyses tion model .

measures design)
Sam-
ple 11 19 205 63

Size
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1.4 Structure of this Thesis

The present thesis is organized into seven chapters. The first chapter is intended to give a
short overview of the change in competence requirements due to industrial revolutions. Fur-
thermore, it presents the author’s motivation to contribute to the research on digital competen-
cies, as well as on the development of competencies in Learning Factories 4.0. This chapter
also contains a brief summary of the studies conducted for this thesis and their research foci.
The second chapter emphasises the theoretical foundation of the concept of multidisciplinary
digital competencies and places Learning Factories 4.0 in technical vocational schools in their
scientific context. The following four chapters describe the four conducted studies:

- Chapter three (study 1) deals with the explorative qualitative content analysis of the

opinions of corporate instructors.

- Building on study 1, chapter four (study 2) discusses the perspectives of the vocational

school teachers surveyed.

- In chapter five (study 3), the empirical validation of the competence dimensions is car-

ried out by a survey of pre-service vocational school teachers.

- The sixth chapter (study 4) examines the development of competencies through Learn-

ing Factories 4.0 at technical vocational schools.

Finally, the last chapter of this thesis contains a summary of the practical implications and
limitations of each study and discusses avenues for further research based on the results. Fur-

thermore, a general conclusion is drawn in this chapter.
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2. Conceptual Foundation of the Thesis’ Constructs

This chapter focuses on clarifying the central concepts. In section 2.1, competence as the
term is used here is defined. The insufficient terminological difference between the terms “in-
terdisciplinary” and “multidisciplinary” is addressed (section 2.1.1), as are the fundamental
concepts of digital competence and 21* century skills (section 2.1.2). In addition, section 2.1.3
explains in more detail the scientific foundation of multidisciplinary digital competencies. Sec-
tion 2.2 presents the technology-based, complex learning environments of Learning Factories
4.0, while section 2.2.1 provides a terminological delimitation, section 2.2.2 summarizes the
design of Learning Factories 4.0, which are also installed in technical vocational schools, and

section 2.2.3 addresses the competencies that can be fostered there.

2.1 Multidisciplinary Digital Competencies

Competencies can be summarized as a set of skills and abilities to cope adequately, espe-
cially in unknown situations (Weinert, 2001). Internal structures of competencies are oriented
towards the requirements to be addressed. Thus, the composition of subordinate dimensions of
competencies is always explained by the classification of the respective concept of competence
in the corresponding context (Hartig & Klieme, 2006; Rychen & Salganik, 2001). The under-
lying context of this thesis is the ability of technical vocational students in Industry 4.0 to act
in a well thought-out and goal-oriented manner in new situations that are characterized by mul-

tidisciplinarity and include the digital context.

2.1.1 Multidisciplinarity

In Industry 4.0, vocational students need to collaborate with workers in other disciplines
(Acatech, 2016a). Huba and Kozak explain this interconnectedness of Industry 4.0 like this:
“Mechatronics integrates the fields of mechanical, electrical, control, and computer engineer-
ing. This multidisciplinary concentration was created because knowledge across these disci-
plines is essential to improve and/or optimize the functionality of modern engineering systems”
(Huba & Kozak, 2016, p. 103). Although the scientific literature is in agreement on the form of
collaboration that will emerge in the future, it is sometimes described as a multidisciplinary
(Huba & Kozak, 2016; Wolff & Luckett, 2013) and sometimes as an interdisciplinary (Balve
& Ebert, 2019; Veile et al., 2019) phenomenon. This raises the question of whether future tech-
nical vocational students would need an interdisciplinary or a multidisciplinary model of digital

skills and abilities (Tenberg, 2020). The understanding of interdisciplinarity and
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multidisciplinarity, as well as the difference between them, is explained in the following. Nev-
ertheless, it must be noted at this point that the literature is somewhat contradictory in its defi-
nitions of interdisciplinarity and multidisciplinarity (Besselaar & Heimeriks, 2001; Heikkinen
& Riisédnen, 2018; Weill & Severing, 2018). The discourse on the terminology has not produced
clear definitions that are completely distinct from each other. In the following, interdiscipli-
narity is understood as an institutional, or model-like, merging of different disciplines (Nissani,
1995, 1997), so that the necessary components of different disciplines are united in a new in-
terdisciplinary relationship (Davies & Devlin, 2007; Gehring, 2013). Multidisciplinarity, on the
other hand, is based on the co-existence of different disciplines that function largely autono-
mously, but do not exclude additional specialization in a part of another discipline (Collin,
2009; Heikkinen & Raiisdnen, 2018). Walker, Link and Nickolaus indicate that multidimen-
sional competence models rely on multidisciplinary problem situations, especially in industrial
training occupations (Walker, Link, & Nickolaus, 2016). Likewise, Stanford professor Stephen
Jay Kline argued in 1995 that multidisciplinary discourse between experts helps solve multi-
disciplinary problems. This is especially true when working groups consist of shop-floor-work-
ers from different disciplines. Kline also emphasized that through multidisciplinary discussion,
“experts better understand the connection of their own field to the whole human knowledge”
(Kline, 1995, p. 3). In this thesis, the two concepts of interdisciplinarity and multidisciplinarity
are therefore comparable, but not congruent. While interdisciplinarity bases on institutionalized
and regular collaborations, multidisciplinarity integrates different, irregular collaborations be-
tween different disciplines.

According to Tenberg and Pittich (2017), even with the increasing interconnection of In-
dustry 4.0 (Acatech, 2016a; Vogel-Heuser et al., 2017), there is no need for any new interdis-
ciplinary technical professions in production for the time being (Sloane, 2019). Rather, adapted
training plans (Roll & Ifenthaler, 2020a) and new qualification profiles (Hall et al., 2016) will
cover the linking of different disciplines required for Industry 4.0. Because of the foreseeable
continuation of autonomous vocational occupations related to production and the need to fur-
ther develop digital competencies, the term multidisciplinary digital competencies will be used
in the following. However, this does not negate the need for more intensive collaboration
(Acatech, 2016a; Uckelmann et al., 2018) between the disciplines, but rather includes it as a

competence dimension in a model of multidisciplinary digital competencies.

2.1.2 Digital Competencies and 21*' Century Skills

There are many and understandings of digital competencies. A good overview of the most com-

mon literature, as well as relevant conceptual distinctions, is provided by the summaries by
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Iloméki et al. (2016) and van Laar et al. (2017). lloméki et al. (2016) differentiated between the
digital competence concepts. From an originally more technological approach, research on dig-
ital competencies has evolved and integrated a wider range of skills and abilities (Claro et al.,
2012; Hatlevik et al., 2015). An example of such a broad definition is given by Hatlevik et al.
(2015), who understand digital competence as: “The skills, knowledge, and attitudes that make
learners able to use digital media for participation, work, and problem solving, independently
and in collaboration with others in a critical, responsible, and creative manner” (Hatlevik et al.,
2015, p. 124). Digital competence can now be summarized as follows: “Digital competence is
an emerging, broad concept, which connects various domains in that it consists of something
from each domain, and which operates as a loosely defined boundary concept (and a transdis-
cursive term) amongst policy-makers, practitioners and researchers” (Ilomiki et al., 2016, p.
657).

On the other hand, the understanding of 21%' century skills is rather narrow. The research
group of van Laar et al. (2017) tried to find a reasonable demarcation between digital compe-
tencies and 21 century skills. They list the individual skills and abilities, such as technical,
information-related, collaborative, communicative, creative conceptual competence dimen-
sions as well as critical thinking and problem solving skills (van Laar et al., 2017, 2020). These
form the basis to enable the individual to participate in a modern society in the 21% century
(Ananiadou & Claro, 2009). Based on Klotz’s suggestion that competence models should be
designed as closely as possible to reality (Klotz, 2015), it is clear that a competence model for
future technical vocational students would need components from digital competence research
as well as specific dimensions of 21% century skills. Therefore, the competence dimensions for
multidisciplinary digital competencies used in this thesis have been adapted to the context of
technical vocational students in Industry 4.0 after conducting exploratory studies. In the prepa-
ration of the semi-structured interview guidelines, however, fundamental, already existing dig-
ital competence concepts were used as a basis. It is therefore not surprising that the categories
of competence dimensions that were formed as emerging categories resemble not one but sev-
eral existing scientific papers on digital competencies. Therefore, the competence dimensions,
shown in Figure 2.1 and in Table 2.1, have different origins in the scientific literature. Never-
theless, the respective research work often refers to pupils, students or citizens, but rarely to
employees (Carretero et al., 2017; Siddiq et al., 2017; Tondeur et al., 2017; van Laar et al.,
2017). But the members of the target group of this thesis are, due to the dual technical and
vocational education and training system (TVET), technical vocational students who are also
working at the same time as technical vocational students in companies. This also explains the

multiple theoretical anchoring of the present competence dimensions from Figure 2.1.
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Figure 2.1
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From a look at Figure 2.1 it becomes evident that the competence dimensions are traceable

to three scientific works (Carretero et al., 2017; Fraillon et al., 2013; van Laar et al., 2017). It

is not surprising that so many competence dimensions in Figure 2.1 can be assigned to concepts

of 21 century skills or the field of digital competence. Both concepts, digital competencies and

21 century skills, are usually based on multiple conceptual skills and abilities (van Laar et al.,

2017). However, as Table 2.1 shows, the original sources were in fact also other publications.

Hartig and Klieme (2006) consider the differentiation into individual competence dimensions

to be indispensable for a differentiated adaptation of the competence to the respective chosen

context.
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Existing research finds that an understanding of 21 century skills is rarely focused on the
integration of digital contexts and the use of Information and Communication Technologies
(ICT). Digital competency models, on the other hand, often integrate digital-related skills and
abilities from 21% century frameworks (van Laar et al., 2017, 2020). This thesis creates an un-
derstanding of a digital competence model that, by incorporating digital-related skills and abil-
ities from 21 century skills, is intended to provide an appropriate competence requirement for
young technical vocational students in Industry 4.0. The correlation structure of the competence
dimensions of multidisciplinary digital competencies, determined in an exploratory study and
based on theoretical assumptions, requires specific measurements. The empirical investigation
of such expectations, e.g. with linear structural equation models, is then used as a test for the

correctness of the assumed structural model (Hartig & Klieme, 2006).

2.1.3  Multidisciplinary Digital Competencies of Technical Vocational Students

It should be noted in advance that there are various studies dealing with future competen-
cies in the context of Industry 4.0. A problem of such studies is that, in contrast to similar
production-related research fields, Industry 4.0 is still a theoretical construct in itself and does
not yet exist in its holistic understanding (Abele et al., 2019). Nevertheless, research must ad-
dress this problem in order to support the changing dual vocational education and training sys-
tem with evidence. Symptomatic of this are the proposals of competence models of the German
National Academy of Science and Engineering 2016 (Acatech, 2016a), which are certainly
partly transferable to technical vocational students, but in some competence dimensions are not
compatible with their future work tasks in Industry 4.0. The meta-study by Prifti et al. (2017)
also provides a good general overview of required competencies. Some of them can be trans-
ferred to the level of technical vocational students, but certainly not all of them. For example,
studies mentioned above list the competence dimension “leadership”, which should probably
not play such a prominent role for technical vocational students for the time being. In 2019, the
German Chamber of Industry and Commerce conducted a quantitative survey of companies
where vocational students (not only technical, but commercial, social, gastronomic and con-
structional vocational students) need to improve their digital competencies (Deutsche Industrie-
und Handelskammer (DIHK), 2019). As digital competencies can be used as a shared set of
skills and abilities from different disciplines (Iloméki et al., 2016), Table 2.1 shows the ad-
dressed competence dimensions of multidisciplinary digital competencies. In the following,
these competence dimensions, which appear repeatedly in this thesis, are presented briefly and

concisely:
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Iloméki et al. (2016), but also Klieme (2004) and Weinert (2001), integrate volitional as-
pects into the (digital) concept of competence. One can derive from this that the attitude towards
digitization is a fundamental predictor for such a conceptual competence model. Attitudes are
those dispositions which make an individual react favourably or unfavourably to something,
whether it be physical objects, processes, people, or anything else (Ajzen, 1989). They are de-
fined “as a response to an antecedent stimulus or attitude object” (Breckler, 1984, p. 1192). In
this study the attitude towards digitization is built on the three usual responses used to infer
attitudes: cognition, affect and conation (Fishbein, 1967). The verbal cognitive category ex-
presses the beliefs, knowledge or awareness about the respective object, which could be influ-
enced by a previous event (Pike & Ryan, 2004). While the affective category is verbally artic-
ulated by the contextual feelings about the attitude object , conation means the behavioural
intentions or actions towards it (Ajzen, 1989). Attitude is essential because it is often directly
related to, or a predictor of, actual behaviour towards an object (Ajzen, 1989). Another, similar
approach is the MODE model. It consists of motivation and opportunity, which are the im-
portant determinants of the actual behaviour of an individual (Fazio & Olson, 2014). According
to the MODE model, behaviour is influenced by the spontaneous situation (Fazio, 1990). Based
on the studies carried out in this thesis and on the relevant literature, an attitude towards digit-
ization is understood as the sum of respective cognitive, affective and conative aspects towards
digitization. Therefore, technical vocational students should have the inner convictions to want
to work and learn with new technologies (Al-Emran et al., 2016; Richter et al., 2000). This
openness is an important motivational predictor of participating and working in a networked
world (Fraillon et al., 2013, 2014, 2019; Senkbeil & Ihme, 2017).

Building on this, the handling of digital devices will continue to be of considerable im-
portance for technical vocational students in the future (Tenberg & Pittich, 2017) and is a basis
for being considered digitally competent (Sefton-Green et al., 2009). It is advisable to consider
the use of digital devices not as a narrowly defined construct (Iloméki et al., 2016), but as a
conceptual idea that integrates a general handling and not just the handling of a specific soft-
ware or a single type of device (van Laar et al., 2017, 2020). The definition of this competence
dimension is based on Fraillon et al.'s understanding of Computer Literacy (2019) and empha-
sizes the procedural steps in the selection and operation of the digital devices and software that
are required to use them efficiently to achieve the respective goals. The handling of digital
devices is listed there in Strand 1, “Understanding computer use” (Fraillon et al., 2019, p. 18),
which includes the foundational procedural knowledge of physical computer use and the use of
computer conventions via software applications. Consequently, this means the physically effi-

cient handling of CPS (Fraillon et al., 2019; Voogt & McKenney, 2017) of all kinds of devices,
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such as (tablet) computers, smartphones, factory machines etc., but also the skilful use of rele-
vant software in the respective context (Fraillon et al., 2019; Tenberg, 2020). It also includes
the use of social media. And naturally it also implies the correct use of specific software to
work. This could refer to the software for milling machines, Manufacturing Execution Systems
(MES), Enterprise Resource Planning (ERP), but also to the proficient use of Word, Excel or
PowerPoint. A general understanding of handling such software and hardware is usually learned
in a professional context during vocational training (Ilomiki et al., 2016).

An essential characteristic of a networked world is the amount of information that is avail-
able online (van Deursen & van Dijk, 2015). In the literature, future skilled workers are there-
fore sometimes referred to as “knowledge workers” (Tenberg & Pittich, 2017, p. 40), because
they have to learn where to find relevant information and how to evaluate, organize and use it
(van Deursen et al., 2016). The skills and abilities required are referred to as the Information
Literacy competence dimension. The focus is especially on all kinds of digital information
(Rohatgi et al., 2016). Information Literacy as a conceptual competence dimension is based on
“aspect 2.1: Accessing and Evaluating information” and “aspect: 2.2 Managing information”
of the structure of Computer and Information Literacy from the ICILS 2018 study (Fraillon et
al., 2019, p. 18). On the cognitive level, the present understanding of Information Literacy is
based on the individual cognitive process steps of Marchionini's (1996) information-seeking
process, which is most suitable for application in the digital context (van Deursen & van Dijk,
2009). This process starts with the identification of the respective information demand, which
then leads to the specification of the respective problem. The next step is the selection of the
search engine, the search query and its execution. The delivered results are briefly analysed by
the performing user; any valuable information is then extracted before it goes into the loop, and
the process starts all over again with a new formulation of the search request. This loop is
repeated until the user thinks that he has found and collected the necessary information
(Marchionini, 1996). Therefore, the investigative process of finding information is immediately
complemented by the evaluation of the usefulness, relevance and integrity of the information.
The subsequent organization of information includes the orderly storage and classification of
information so that it can be retrieved quickly (by oneself). This relates both to storage man-
agement on the devices as well as to the cognitive performance to cluster this information
(Fraillon et al., 2019). In contrast to Erstad (2010) for example, this understanding of Infor-
mation Literacy does not include the ability to solve problems. This will be explained in a sep-
arate section later in this chapter.

The competence dimension application of digital security relates to the handling and pro-

tecting of data, aspects that are currently still considered by many companies to be too poorly
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developed among their technical vocational students (Heiberger, 2020). A sensitive handling of
security-relevant topics is a precondition for companies to successfully implement Industry 4.0
in the first place (Sommer, 2015). Therefore the aspect of digital security is integrated into
many models of digital competence (Ferrari, 2012, 2013). In this thesis, the application of dig-
ital security includes the understanding and application of adequate security measures. More
precisely, this competence dimension includes both personal responsibility with respect to pri-
vacy on the Internet and data security regarding personal identity theft, company knowledge
and company processes (Carretero et al., 2017; Dodel & Mesch, 2018; Fraillon et al., 2013,
2014, 2019). Personal responsibility with respect to privacy refers to all appropriate and ade-
quate procedures to protect one’s privacy, all steps of collecting, using, processing, sharing, and
editing personal information. Data security refers to all necessary steps to prevent others from
gaining unauthorized access to private as well as workplace and other institutional information
(Burkell et al., 2015). This competence dimension is not about designing firewalls, anti-virus
programs or security guidelines by yourself, but rather about using these as standardized tools
on a daily basis. It is the task of the organizations to provide the security concepts and infra-
structure, but the fulfilment is primarily the task of the members (Da Veiga, 2016). In an inter-
connected world, it is of fundamental importance that individuals conscientiously comply with
such security concepts. Inadequate or careless behaviour of organizational members is often a
source of organizational vulnerabilities (Dodel & Mesch, 2018; Kemper, 2019).

The mass of information in all kinds of media requires an adequate and lawful usage of
copyright (Heiberger, 2020; Palfrey et al., 2009). This competence dimension is not dissimilar
to the two previous ones in terms of content and argumentation structure. Copyright is based
on so-called copyright literacy, which in turn is based on Information Literacy (Todorova et al.,
2014) and is defined as the demonstration of the relevant awareness, skills and techniques to
create and use copyrighted material in an ethical manner (Secker & Morrison, 2016). By using
the term copyright usage as a designation of the competence dimension, terms such as trade-
mark, patent or intellectual property are not excluded but explicitly included (Elias & Stim,
2004). It is a mix of Fraillon et al.'s (2019) Strand 3 and 4 and includes transforming, creating
and securely sharing information under legal requirements so that no privacy or corporate se-
crets are violated. This applies to both private and corporate life and is intended to ensure that
the respective ownership rights, whether of companies, artists or private individuals, are re-
spected so that no harmful consequences can arise for oneself or one’s organization (Burkell et
al., 2015). Marking the sources of external content will become increasingly important as the
volume of information increases. This aspect is particularly important since it has become ap-

parent that the increasing number of digital devices, the corresponding software apps installed
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on them and incorrect usage of social media has led to an increase in the number of cases of
plagiarism for violations of other people’s intellectual property, and that users are unaware of
this issue (Hickman, 2020; Vinueza et al., 2020). Almost everything that has to do with the
creation of content, whether videos, texts, presentations, pictures or music, is based on the cor-
rect application of the corresponding copyright regulations (Burkell et al., 2015; Carretero et
al., 2017; Fraillon et al., 2013, 2014, 2019; Meese & Hagedorn, 2019).

The competence dimension collaboration means that technical vocational students can
work together adequately not only within their team but also outside it, with other professional
groups or with superiors (Tenberg & Pittich, 2017). Accordingly, collaboration in this thesis is
understood as an effective interpersonal process, which aims to achieve a joint goal with all
involved stakeholders (Berg-Weger & Schneider, 1998; Bronstein, 2003). The integration of
the ability of collaboration as a separate dimension of competence is of particular importance
for understanding the conceptual distinction between multidisciplinarity and interdisciplinarity
of this model (Collin, 2009). Because collaboration connects different disciplines with each
other but not institutionally. This builds on Bronstein’s definition of work-related collaboration
as involving interdependence, newly emerging professional activities, flexibility of all partici-
pants, collective goals and common reflection of processes (Bronstein, 2003), and adds appro-
priate communication to this understanding. Choosing the appropriate channel of communica-
tion and collaboration is important because there are significant differences in the ways in which
young people communicate and use language when they need to communicate with each other
or with supervisors or teachers (Araujo-Vila et al., 2020). This includes the choice of the com-
munication channel, e.g. email, social media etc. (van Laar et al., 2017, 2020; Tenberg, 2020).
Sometimes, despite the choice of the right channel of communication, the appropriate style or
grammar is lacking. Especially in the age group targeted by this thesis, correct and formal ex-
pression through digital media is not considered to be that important (Schlobinski & Siever,
2018). In summary, in this thesis collaboration is the way one communicates with which coun-
terpart and the understanding of when which form of expression is appropriate (Carretero et al.,
2017; Griffin & Care, 2015).

The problem solving competence is certainly not a new requirement, but it is still valid for
technical vocational students in Industry 4.0 (Carretero et al., 2017; Ferrari, 2012; Tenberg &
Pittich, 2017). The term problem in this thesis refers to specific situations in the digital context
that require an effective response in the respective environment. These situations become prob-
lematic when no effective response alternatives are immediately available or automatic ap-
proaches would not work adequately (D’Zurilla & Goldfried, 1971). This also means that con-

sidering a situation as problematic depends on the individual and his or her prior knowledge,
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expertise, skills and abilities in the respective context (Funke et al., 2018). It is appropriate to
consider the problem solving ability as domain-specific, because the process is influenced by a
combination of different domain-related knowledge types (Rausch et al., 2016). The ability to
solve problematic situations in a digital context is becoming increasingly important due to the
increasing amount of available information and digital devices. The adequate handling of these
devices as well as a distinctive Information Literacy are important in Industry 4.0 (Jacobs &
Castek, 2018). In Industry 4.0 one must identify the necessary actions, based on the possible
gaps, and take steps to obtain the information or circumstances that can help to solve the prob-
lem (Rausch & Wuttke, 2016). Therefore, this competence dimension is based, on the one hand,
on routine problems, whose solution requires above all independence and reliability (van Laar
et al., 2017). On the other hand, it also involves the solution of more complex problems, which
can be solved either by a courageous creative (Scherer & Gustafsson, 2015) or systematic ap-
proach (Wiistenberg et al., 2014). Problem solving is therefore not only understood as the
presentation of an effective solution, but rather as techniques or processes of the solver to iden-
tify a solution to the problem (D’Zurilla & Goldfried, 1971).

The competence dimension of self-reflection is to be understood as a meta dimension,
which plays a role in all previously mentioned competence dimensions. This concerns both the
reflection on one’s own usage of digital devices, on the information on finds and on how one
uses it (Fraillon et al., 2019). But it involves also the reflection on one’s own behaviour with
regard to data protection issues (Carretero et al., 2017) and collaborative or problem solving
processes (Rausch et al., 2016). Self-reflection is thus considered here to be a systematic ap-
proach that ensures the continuity of competence development (Lin et al., 2014). In the inter-
connected and digital context of Industry 4.0, this influences not only the individual competence
dimensions of multidisciplinary digital competencies, but above all the attitude towards digiti-
zation (Ferrari, 2012). For some, self-reflection does not require any great investment, while for
others it requires a considerable amount of effort. Insecure persons tend to reflect about them-
selves more structurally and according to certain schemata, whereas not so anxious persons do
so automatically (Grant et al., 2002). Above all, the competence dimension of self-reflection
includes three abilities and skills. The technical vocational students must be able to recognize
where they are and what consequences their actions have by constantly comparing the actual
and target situation at the workplace. Their ability to assess their skills and abilities also falls
into this dimension. Finally, this dimension also includes the overview knowledge of larger
processes. Such holistic thinking will become more important for technical vocational students

in an interconnected world (Quieng et al., 2015; van Laar et al., 2017; Windelband, 2014).
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Based on Hatlevik et al.'s (2015) understanding of digital competence, supplemented by
Weinert's (2001) conceptualization that competence consists of ability, skills and attitudes, and
the definition of professional action-oriented competence by the Standing Conference of the
Ministers of Education and Cultural Affairs (2007), multidisciplinary digital competencies
(MDC) are defined as:

A combination of willingness, abilities and individual skills, which enables the individual

to act adequately and socially responsibly in the digital context of multidisciplinary pro-

fessional situations, but also social and private ones.

Table 2.1

Overview and description of multidisciplinary digital competencies

Competence Description Selected references
dimension
Attitude to- The inner convictions and motivation to Al-Emran et al. (2016)

wards digitiza-
tion

work and learn with digital devices.

Fraillon et al. (2013, 2014,
2019)

Richter et al. (2000)
Senkbeil and Thme (2017)

Handling of Adequate and effective use of required Fraillon et al. (2013, 2014,
digital devices  software and hardware resources depend- ~ 2019)
ing on the situation. van Laar et al. (2017, 2020)

Voogt and McKenney
(2017)

Information Finding, evaluating and organizing infor- van Deursen et al. (2016)

Literacy mation from the digital context. Fraillon et al. (2013, 2014,
2019)

Application of  Understanding and applying security Carretero et al. (2017)

digital security

measures to protect personal and com-
pany-related data in specific situations.

Dodel and Mesch (2018)
Fraillon et al. (2013, 2014,
2019)

Copyright The legal creation of content, the labelling  Burkell et al. (2015)
usage of copyright holders and thus also the le- Carretero et al. (2017)
gal handling of external materials. Fraillon et al. (2013, 2014,
2019)
Collaboration Collaboration with other disciplines Care et al. (2016)
through the appropriate communication Carretero et al. (2017)
channels and in the most suitable style. van Laar et al. (2017)
Problem- Solving routine problems independently Carretero et al. (2017)
solving and developing a creative approach to van Laar et al. (2017)

more complex problems.

Scherer and Gustafsson
(2015)
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Wiistenberg et al. (2014)

Self-reflection  Classifying one’s own actions and their van Laar et al. (2017)
consequences in the respective context. Quieng et al. (2015)

2.2 Learning Factories 4.0

Non-subject-related competencies are an integral part of what is expected in technical dual
vocational training today (Tenberg, 2020; Tenberg & Pittich, 2017). And in order to promote
them, a systematic literature review dealing with organizational learning in Industry 4.0 by
Belinski et al. (2020) has highlighted the importance of Learning Factories 4.0 for such com-
petence development. The term “Learning Factories 4.0” used in the thesis is intended to em-
phasize their Industry 4.0 orientation. The implementation of these modern learning environ-
ments in Baden-Wuerttemberg aims to prepare technical vocational students for the challenges
of Industry 4.0 (Ministry for Economic Affairs, Work and Housing of Baden-Wuerttemberg
2018). When dealing with learning in a cooperative dual vocational educational context, where
the focus is on linking theory with practice through the cognitive performance of the individual,
there is no getting around the integrative pedagogy model (Tynjild, 2009) and the connectivity
approach (Griffiths & Guile, 2003). Both research strings have in common that the linking of
what has been learned is based on authentic, action-oriented work experiences (Tynjél4 et al.,
2020). The integration of Learning Factories 4.0 in technical vocational schools is intended to
promote these connections, as it allows theoretical learning directly to be linked with authentic

work in a context relevant to Industry 4.0.

2.2.1 Terminology and Summary of Scientific Developments

The term “Learning Factory” is similar to “Teaching Factory”, but the approach of Learn-
ing Factories is more learner-centred (Abele et al., 2015, 2019), whereas Teaching Factories
are even closer to industrial reality and therefore have less didactic reductions (Dimitris
Mavrikios et al., 2019). Teaching Factories do not have such a problem-based and experiment-
promoting instructional design as Learning Factories 4.0 (Mavrikios et al., 2013, 2017; Rentzos
et al., 2014; Tisch et al., 2016). The difference to the “Lehrwerkstatt” (training workshop) is
that the Lehrwerkstatt is defined as a separate facility within the company for training purposes.
It is physically and organizationally separate from the normal workstations and often does not
represent an entire value chain. The technical vocational students can learn independently from

the actual production process (Pédtzold & Goerke, 2006; Schonfeld et al., 2020).



Conceptual Foundation of the Thesis’ Constructs 27

The learning of relevant industrial and practical work in appropriately equipped instruc-
tional environments dates back to the 19" century, when the first training workshops were set
up in industry to enable new employees to learn without risk (von Behr, 1981). Learning Fac-
tories attracted scientific attention even before the term “fourth industrial revolution” was for-
mulated in 2011 (Kagermann et al., 2013; Weckherlin, 2017). Since the 1980s, there have been
a number of isolated technological instructional designs called Learning Factories (Tisch &
Metternich, 2017). The concept of learning workshops existed even before that, but they were
not yet the holistic modelling of an entire factory. Due to an increase in scientific contributions
to Learning Factories, the scene became more and more institutionalized, and in 2011 the 1%
Conference on Learning Factories took place. Since then, the field of research has been growing
and becoming increasingly international, with the International Association of Learning Facto-

ries being founded in 2016 (Abele et al., 2019).

2.2.2  Summary of the Learning Factory 4.0 Design

Learning Factories usually contain various workstations that use transport systems to map
all processes of a production plant (Abele et al., 2019). The Learning Factory becomes Learning
Factory 4.0 (Windelband & FaBhauer, 2016) through the application of CPSs, sensors and in-
terconnectivity, as well as the integration of MES (Bedolla et al., 2017; Pittich et al., 2020;
Tisch et al., 2016). In Industry 4.0 the product itself can be a CPS (Block et al., 2018). Given
the interconnectedness of the production line, one differentiates the assembly system from CPS
by calling it Cyber Physical Production Systems (CPPS) (Block et al., 2018; Pantforder et al.,
2016; Vogel-Heuser et al., 2014). The automated de-centralized decision making through com-
munication between CPPS and CPS is the core of Industry 4.0 (Klober-Koch et al., 2017;
Schuhmacher & Hummel, 2016; Spottl et al., 2016). A typical Learning Factory 4.0 impresses
with its sometimes idealized but authentic representation of Industry 4.0 production processes
(Abele et al., 2019; Tisch et al., 2016). Accordingly, this learning environment is also seen as
complex from the learner’s perspective (Tisch et al., 2016). Of course, this also applies to the
vocational school context, but it should be noted here that the term Learning Factory 4.0 does
not only refer to the holistic production plant. Because they consider the different requirement
level of vocational school pupils compared to university students, Learning Factories 4.0 usu-
ally include a foundation laboratory. In this laboratory, the individual workstations (or learning
modules) from the holistic production chain are set up separately, so that the learners can learn
at these workstations before going to the large holistic plant (Scheid, 2018).

Above all, llomiki et al. (2016) state that digital competencies can best be developed in

such a learning environment that is problem-oriented, technology-rich, authentic and has
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several different (digital) technologies constantly available. These criteria apply to Learning

Factories 4.0 in technical vocational schools.

2.2.3  Competencies and Learning Factory 4.0

However, the main reason for setting up a Learning Factory 4.0 has been to promote pro-
fessional and methodological skills (Abele et al., 2019). Even if the literature mostly considers
the possibilities of professional and methodological competence development through Learning
Factories 4.0 (Cachay et al., 2012; Kreimeier et al., 2014; Miiller-Frommeyer et al., 2017), they
can also promote holistic and multidisciplinary competence development. Because of the wide
range of psychomotor, cognitive and also affective learning goals that can be targeted with
Learning Factories 4.0, almost all skills can be promoted (Abele et al., 2019). The great ad-
vantages of Learning Factories 4.0 include the high degree of realism, learning activity, the
state-of-the-art technical equipment and the possibility to test and develop processes in a low-
risk (with regard to the consequences of wrong decisions) but highly contextualized learning
environment (Abele et al., 2015). Learning Factories 4.0 are particularly suitable for developing
problem solving skills in problem- or scenario-based learning situations (Abele et al., 2019).

It should be mentioned here how the term Learning Factory 4.0 is to be understood within
this thesis in the context of technical vocational schools. For this purpose, the definition of
Learning Factories is taken from the CIRP Encyclopedia of Production Engineering and is
adapted to the context of technical vocational schools. Accordingly, a Learning Factory 4.0 is
defined by:

- processes that are authentic, include multiple stations, and comprise technical as well as

organizational aspects

- asetting that is changeable and resembles a real value chain

- aphysical product being manufactured

- adidactic concept that includes formal, informal and non-formal learning, enabled by

the actions of the trainees in an on-site learning approach (Abele, 2016, p. 1) and tailored

to the vocational students’ needs and possibilities.
This tailoring to the requirements of everyday vocational school life means that learning
occurs through teaching and training and not through applied research. Accordingly, the out-
come in vocational training Learning Factories 4.0 is not innovation, but rather focuses on the

technical students’ respective competence development (Abele, 2016).
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3. Development of Multidisciplinary Digital Competencies in Dual Voca-

tional Education and Training from the Instructors’ Perspective

This third chapter explores the perceptions of corporate instructors on which multidiscipli-
nary digital competencies are necessary for working in Industry 4.0 as a future technical voca-
tional student. Following an introduction, the theoretical background is explained. Then the
scientific methodology and its results are presented. The results are then discussed and put into

context, and avenues for further research are discussed.

3.1 Digital Competencies in the Dual Vocational Education Training System

During these times in which companies are increasingly networking vertically and horizon-
tally (Ahrens & Spéttl, 2015) and educational facilities are concerned with the digitization of
their activities (Roll & Ifenthaler, 2017), the dual vocational education and training system must
also change (Spottl et al., 2016). In the context of Industry 4.0, which connects the physical
product manufacturing process with the digital possibilities of the Internet of Things (IoT),
future employees must be prepared for the new demands of the job market and should have the
competencies required to participate in society and in professional life. This requires efficient
digital infrastructure at all learning locations, supportive framework conditions, and especially
adequate didactic concepts and learning environments that support holistic teaching and learn-
ing processes across all learning locations. This applies not only to data-related training occu-
pations (e.g. in media technology or computer science), but also to the commercial sector (e.g.
industrial management assistant) and the industrial training occupations (e.g. mechatronics en-
gineer).

In order for integrative didactic concepts to be developed for the vocational and educational
training sector, an assessment of the possible shifts in competence caused by Industry 4.0 is
required (Spottl et al., 2016). Part of this research paper is aimed at examining whether technical
vocational students are digitally competent, how digital competencies must change in line with
the implementation of Industry 4.0, and how digital cooperation between learning locations in

dual vocational training is currently advancing.

3.2 Theoretical Background

The following sections briefly describe the respective starting points for this exploratory,

qualitative study.
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3.2.1 Industry 4.0

The term Industry 4.0 was coined in 2011 as part of the German government’s High-Tech
Strategy to ensure the competitiveness of the German economy. It is a broad term that is inter-
preted and defined differently by different actors; as such, it lacks a common definition
(Kagermann et al., 2013; Tschope et al., 2015; Venema, 2015). For the Federal Ministry of
Education and Research, Industry 4.0 comprises the smart integration of modern information
and communication technology with manufacturing (Federal Ministry of Education and
Research, 2017). The German Mechanical Engineering Industry Association (Verband
Deutscher Maschinen- und Anlagenbau — VDMA) defines Industry 4.0 with an emphasis on
maintaining competitiveness, the cost cutting potential, and the process of adaption, and also
highlights the issue of real-time data transmission (Anderl & Fleischer, 2015).

The term Industry 4.0 is frequently used as a synonym for digitization, which would only
marginally distinguish it from the third industrial revolution, which refers to the comprehensive
implementation of automation. However, the digitization of production processes is merely a
fraction of what Industry 4.0 encompasses (Kagermann et al., 2013; Wilbers, 2016): its utmost
novelty is the replacement of a central organization by a decentralized control and manufactur-
ing process (Ahrens & Spottl, 2015; Spottl et al., 2016). Innovation and technology are advanc-
ing in bounds, increasing the performance of embedded systems and leading to so-called smart
factories (Federal Ministry of Education and Research, 2017; Wank et al., 2016). The three
following points are characteristic of this industry (Ahrens & Spéttl, 2015):

- The production systems of a smart factory are vertically connected from the manage-

ment level to the production line

- The second integration runs horizontally across the value-added networks, thus connect-

ing the entire supply chain and, in particular, also including the customers

- To enable horizontal and vertical integration, a consistent engineering system spanning

the entire product lifecycle is required.

Industry 4.0 is based on so-called Cyber-Physical Systems (CPS). These are defined as
integrated systems that use sensors to record physical data and actuators to collect and influence
physical processes in real time (Lee et al., 2015; Spéttl et al., 2016). CPS are digitally con-
nected, can use universally accessible services and data and have user interfaces for human-
machine interaction (Vogel-Heuser et al., 2012; Vogel-Heuser et al., 2014). This is how a self-
organized, efficient and flexible production can be created in which humans, machines and
products communicate with each other and processes can be intelligently interlinked (BMWI,

2017).
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3.2.2  Industry 4.0 and Companies

The majority of companies foresee a great potential for Industry 4.0 technologies within
their production sites (Klammer et al., 2017). This includes for example: avoiding redundan-
cies, reducing storage and transport costs due to horizontal integration of the value-added net-
works, and increasing customer satisfaction due to new digital business models (Acatech,
2016b; Huber, 2016; Koch et al., 2014; Windelband & Dworschak, 2015; Windelband &
FaBhauer, 2016). The most important aspects for companies of all sizes are flexibility in pro-
duction as well as an increase in revenue and production.

But despite this potential, many companies, especially small and medium-sized enterprises
(SMEs), have been restrained in their enthusiasm (Sommer, 2015). The scepticism is justified,
for example, by the complexity and the high expenditure required to get the systems up and
running (Wank et al., 2016). Furthermore, SMEs complain that they usually employ an insuf-
ficient number of employees to handle other complex issues beyond their product range (Faller
& Feldmiiller, 2015; Sommer, 2015). Sommer argues that a lack of self-confidence in dealing
adequately with the consequences of information security and data protection could be a reason
for the reluctant implementation of Industry 4.0 in SMEs (Sommer, 2015). The accompanying
challenge for human resources development will be the adequate occupational training and fur-
ther education of (future) employees to prepare them for the infrastructural Industry 4.0 tasks.
Thus, suitably adjusted education and training could help to counter the attitude that horizontal
and vertical networking is too expensive and too complex for small and medium-sized enter-

prises (Hecklau et al., 2016; Sommer, 2015).

3.2.3  Industry 4.0 and Vocational Schools

The curricula of several occupations that require vocational training, such as electronics
technician for automation technology or industrial mechanic, already include relevant target
formulations and content for Industry 4.0. These demonstrate that the current curricula already
cover many of the content and competence requirements of Industry 4.0 (Lohr-Zeidler et al.,
2016). To ensure that Industry 4.0 can be successfully taught in vocational schools, modular
teacher training courses are offered in Baden-Wuerttemberg, for example. These courses cover
new cross-modular content in the areas of metal processing and electrical engineering and pro-
vide didactic input (Lohr-Zeidler et al., 2016). In order to ensure an appealing high qualification
of dual vocational training, standardized curricula regarding Industry 4.0 are requested (Scheid,
2018). A study of the Bavarian Employers’ Association for the Metal and Electrical Employers’

Association (Bayrischer Metall- und Elektro-Arbeitgeberverband — bayme vbm) recommends
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that initial vocational training be made more application-oriented (Spéttl et al., 2016). To fur-
ther enhance process orientation, the State Institute for School Development (Landesinstitut fiir
Schulentwicklung) of Baden-Wuerttemberg has developed a corresponding Handbook 4.0
(Horner et al., 2016). This offers technical colleges as well as vocational schools with a focus
on metal and electrical engineering an adequate overview over the implementation of Industry
4.0 in the respective classes, sorted by requirements and varying scenarios.

The call for adjusting the technical equipment of schools to meet the demands of Industry
4.0 (Spottl et al., 2016; Wilbers, 2017) is being implemented in Baden-Wuerttemberg by in-
stalling 37 Learning Factories 4.0 in technical vocational schools (Ministry for Economic
Affairs, Work and Housing, 2017, 2018). The Learning Factories 4.0 represent a new approach
to the implementation of Industry 4.0 in technical vocational schools. A Learning Factory 4.0
(LF 4.0) is a model-like Industry 4.0 manufacturing facility, which has been implemented at
technical vocational schools in Baden-Wuerttemberg since 2017 (Ministry for Economic
Affairs, Work and Housing of Baden-Wuerttemberg, 2017). The Learning Factory 4.0 consists
of a modular basic laboratory in which basic content is to be learned. Singular industry-related
topics can be taught on corresponding modules. Here, the students get to know individual com-
ponents of the entire facility in more detail. The primary goal of the basic laboratory is to pre-
pare the students appropriately for the demands of Industry 4.0 (Scheid, 2018). The larger and
holistic Learning Factory 4.0 facility connects, as a CPS, physical production with the corre-
sponding control software. Because in this case the whole production line is a CPS, it is also
called Cyber-Physical Production System (CPPS) (Monostori, 2014; Seitz & Nyhuis, 2015).
Among other things, the CPPS is used to model complex production lines and batch size one
production. Furthermore, the effects of connected production are displayed realistically

(Ministry for Economic Affairs, Work and Housing 2015; Scheid, 2018).

3.2.4 Multidisciplinary Digital Competencies

The background described above requires an examination of which competencies in the
digital context are necessary in order to act confidently and in accordance with the situations of
everyday work and social environment (Abele et al., 2015; Kagermann et al., 2013; Walker,
Link, van Waveren, et al., 2016; Wesselink et al., 2009). This question of multidisciplinary
digital competencies has not been conclusively answered. Thus Genner et al. (2017) discuss the
necessity of a defined term, but in the end they do not provide an answer. The rapid progress of
Information and Communication Technology (ICT) in recent years, increasing globalization,

modification in occupational content, and changing occupational structures ensure that
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companies should continuously engage with transformed occupational requirements and the
corresponding competencies (Genner et al., 2017; Tynjéld, 2009). Due to the thematic and oc-
cupational differences, competence diagnostics is the ideal solution in the search for a common
examination level. For reasons of authenticity, an occupation-oriented competency diagnosis
should be designed close to real life conditions in order to ensure “safeguarding and support of
study- and work processes” alongside theory (Klotz, 2015, p. 36). This common level of exam-
ination refers to skills and abilities which cannot be allocated to a specific subject in vocational
education and training and are therefore regarded as multidisciplinary digital competencies. The
promotion of such multidisciplinary competencies, which affect technical vocational students
of a wide range of subject areas, must be given the same standing as the respective technical
skills and abilities (Hiibner & Wachtveitl, 2000). In order to simulate real practical relevance,
a model of multidisciplinary digital competencies should be applicable to everyday vocational
tasks of technical vocational students. A listing of potential individual skills and abilities, de-
rived from literature, is pictured in Figure 3.1. It is based on several aspects of DIGCOMP
projects of Ferrari (2013) and Carretero et al. (2017), on ideas of the ICILS study (Fraillon et
al., 2013, 2014), and on the main competence dimensions of the 21% century skills of van Laar
et al. (2017), and has been specifically complemented by demands raised by Spottl et al. (2016).
Figure 3.1 is intended to allow a task in the context of Industry 4.0, whether industrial or com-
mercial, to be dissected into its individual components. The dimensions of the model can be
viewed from both a chronological and a taxonomic point of view. The applied taxonomy of
learning objectives is based on Anderson et al. (2001). After going through the above-men-
tioned scientific literature, the constructs are divided into the chronological dimensions (A)
Interest, (B) Information, (C) Security, (D) Content, (E) Problem solving and (F) Self-reflection.
These constructs are listed alongside the associated skills and abilities in Figure 3.1. In the
following, Figure 3.1 is explained in more detail; it should be pointed out that the taxonomic
gradations and the chronological arrangement of the constructs serve the purpose of model de-
velopment and orientation at the current point in time and should not be considered as to be set
in stone. A first review of the literature-based order established in Figure 3.1 will take place in
the following explorative study. A validation of the same requires a further qualitative and sub-
sequent quantitative verification by means of a structural equation model.

Interest: According to Fraillon et al. (2014), the emotional engagement of individuals with
digitality at work but also at home plays a major role. In the following, this dimension is referred
to as interest in learning and working with ICT of all kinds. The inner attitude is understood as

the attitude towards the use of digital devices in general (Yerdelen-Damar et al., 2017). Inner
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beliefs about engaging with ICT can impact the outcome and the emotional commitment to
solving the task. These two abilities, in sum and supplemented by the ability to self-reflect
(dimension (F)), result in the motivation of the acting person. Whether an individual develops
competence depends, amongst other things, on his or her approach to solving a task successfully
(Heckhausen & Heckhausen, 2010; Hecklau et al., 2016; Kreisler & Rebmann, 2014). Whilst
attitudes and beliefs are intrinsic to this construct, motivation also includes extrinsic variables.

Figure 3.1

Multidisciplinary digital competencies derived from the literature
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Information: The dimension of cognitive information acquisition and processing unites
four skills. The basis is the handling of digital technologies (Fraillon et al., 2013, 2014; Spottl
et al., 2016). Knowing where and how to find the information you are looking for is the second
skill in this competence dimension (Ferrari, 2013; Fraillon et al., 2014). As more and more
information become available, it must be ordered cognitively, but also physically by using ap-
propriate structures in order not to lose the overview. When organizing information, it is also
essential to evaluate the information found and to separate unimportant from relevant infor-
mation in the specific context (Fraillon et al., 2019).

Security: By means of the transparent and centralized standardization of information and
digital systems as well as of the interconnectedness of the companies, every individual within
the organization must be aware of how safety-relevant work is conducted (Carretero et al., 2017,
Ferrari, 2013). This dimension deals with the issue of students taking certain safety standards
into account at all times while working on a task (Carretero et al., 2017; Spottl et al., 2016).
This does not refer only to IT security; the physical security of the person and his or her envi-
ronment are also represented within this dimension. The first point in this dimension considers

whether the individual knows the security mechanisms and standards of the company.
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Understanding these is the prerequisite for their successful execution, because security — not
only in the context of digital technologies — is guaranteed only if the person acting takes all
security measures into consideration and applies them. The three dimensions (A), (B) and (C)
described so far represent the basic skills and abilities for the following dimensions and funda-
mentally influence the success the approach to the task.

Content: 1If (A), (B) and (C) are given, the information obtained is now combined with
existing knowledge about the problem (Carretero et al., 2017; Ferrari, 2013). To use content or
generate new content, individuals must know and be able to apply the rules of copyright
(Fraillon et al., 2014). Based on this, it can be observed whether the students use the collective
company knowledge and can work with the appropriate licenses (Ferrari, 2013). Meaningful
and targeted generation of content is particularly important, including for the exchange of in-
formation regarding the task (Fraillon et al., 2014). The highest taxonomic level integrated in
this model should represent the extent to which the student needs basic programming skills
(Amtz et al., 2016; Ferrari, 2013).

Problem solving: 1t is expected that “Industry 4.0 will place significantly higher demands
on all employees in terms of complexity, abstraction and problem solving” (Spottl et al., 2016,
p. 17). The dimensions described so far in this model are now combined in the ability to cor-
rectly identify further needs of a technological or cognitive nature, because the actual task man-
agement starts with contextualizing the task and its topic. The integrative process which com-
bines theoretical knowledge, practical work and measures of self-reflection is part of the ability
to solve problems (Tynjiléd, 2009). It is therefore helpful to place the core problem into a broader
context. If these are routine problems, tried and tested strategies from the intellectual property
of the company can be used. Should the problem be something other than routine, the person
affected must become creative and search for solution strategies on his own. The problem solv-
ing ability is indispensable for successfully developing competencies (Bereiter & Scardamalia,
1993). The nature of the problem determines the required taxonomy level of this dimension
(Carretero et al., 2017).

Self-reflection: The integration of the ability to self-reflect as the last chronological dimen-
sion of the model represents a starting point for a renewed task management. The model is thus
self-contained when the summative self-reflection changes the individual’s attitude towards a
thematically similar task. Therefore, this dimension includes one’s ability to evaluate oneself
formatively, the task itself as well as the actual or target status. The inclusion of a reflective
component in the model serves to uncover one’s own competence gap. This allows for a more

precise self-assessment (Heckhausen & Heckhausen, 2010).
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Even if the Industry 4.0-related changes in competencies and tasks cannot (yet) be pre-
dicted in detail, they require adequate qualification strategies and an organization of work which
promotes learning. After all, a long-term successful implementation requires an in-depth un-
derstanding of change processes and their content (Kotter, 2007). Therefore, well-trained spe-
cialists are essential for the successful implementation of Industry 4.0 (Mansfield, 1996). Tak-
ing into consideration the fact that digital competence plays a role not only in the world of work,
but also in the digital society (Fraillon et al., 2014), and based on the definition of vocational
competence of the Standing Conference of the Ministers of Education and Cultural Affairs
(KMK, 2007), a provisional definition of the term “multidisciplinary digital competencies”
emerges:

Multidisciplinary digital competencies include the willingness, abilities and skills of a tech-

nical vocational student to reflect appropriately in the digital sphere of professional, social

and private situations as well as act in an individual and socially responsible manner.
Tynjélé et al. (2006) note that formally learned knowledge within the school context must be
combined with informally learned knowledge from practice through self-regulating processes.
The sustainability of multidisciplinary digital competencies is promoted through metacognitive

and reflective competence dimensions.

3.2.5 Multidisciplinary Digital Competencies across Different Learning Contexts

It is both an educational and a policy goal to connect different places of learning (Aprea et
al., 2020; Beiling et al., 2012; Cattaneo & Aprea, 2018). Looking at cooperation between learn-
ing locations on the basis of the connectivity definition of Griffiths and Guile (2003), it becomes
apparent that multidisciplinary digital competencies have a supra-institutional integration func-
tion and are therefore not based on a purely organizational anchoring. The understanding of
cooperation between learning locations is aligned in conformity with Griffiths and Guile
(2003):

Connectivity defines the purpose of that pedagogic approach which educators would adopt

in order to take explicit account of the relationship between theoretical and everyday

knowledge in their attempt to mediate the different demands arising in the contexts of ed-

ucation and work (Griffiths & Guile, 2003, p. 59).

The development of competencies can be optimized through close cooperation between
schools and training companies (Biemans et al., 2004). This coordination of learning at school
and learning at work has been the subject of relevant research for decades. Balancing the dif-

ferent responsibilities and services in a cross-location approach is a central component of
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successful competence development (Wesselink et al., 2009). Cattaneo and Aprea (2018) indi-
cate that the conscious perception of the boundaries between the school and company learning
locations allows for more effective learning in dual training. Taking into consideration the as-
sumption that problem solving skills do not develop on their own in practice, the necessity of a
didactic concept within the workplace is given (Hardy & Parent, 2003). However, to ensure that
employee competencies measure up to changing job requirements, the optimization of cooper-
ation between the learning locations is essential (Tynjild, 2009). Competence development
across learning locations is successful if both learning locations complement each other regard-
ing their potentials and goals and contribute their specific competencies accordingly (Walzik,

2004).

3.3 Research Questions

Part of the exploratory study involves the examination of the model multidisciplinary dig-
ital competencies formed from the theory. The implied taxonomy within the model presents the
authors’ considerations so far. A fixation of the individual cognitive steps and a more precise
classification into taxonomy levels allows statements about the valuation of the individual di-
mensions within the model. The following three research questions arise and need to be exam-
ined:

Current state of competence requirements

The examination of the current state serves to categorize the statements on competence levels
made during the expert interviews. The open key questions of the interviews are based on the
model multidisciplinary digital competencies (referring to Figure 3.1), but allow for autono-
mous answers to modify the model.

Question 3.1: How do those responsible for training assess the current state of dimensions of
multidisciplinary digital competencies among technical vocational students?

Future competence requirements

In order to enable a later renewed survey as part of a long-term study, it seems reasonable to
also query the assessments of the future development of multidisciplinary digital competencies
in the expert interviews. The openness of the questioning should allow practical and honest
answers.

Question 3.2: What influence does Industry 4.0 have on the future multidisciplinary digital
competencies of technical vocational students from the perspective of those responsible for
training?

Integrative learning in the competence development process at work and at school
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In addition to research questions 3.1 and 3.2, the extent to which Industry 4.0 can have an
impact on cooperation between vocational schools and training in companies will be examined.
Accordingly, the interviewees were asked which multidisciplinary digital competencies are ac-
quired where.

Question 3.3: How will cooperation between vocational schools and companies be changed by

Industry 4.0 in order to best promote multidisciplinary digital competencies?

3.4 Method

The following sections provide a description of the research design, subjects, and analysis

method of this study.

3.4.1 Design and Participants

A qualitative research approach was chosen to examine the expectations of corporate in-
structors towards the acquisition of multidisciplinary digital competencies. The age range of
the participants ranges from 24 to 62 years (M = 42.36; SD = 10.79). Ten of the interviewees
are male, one is female. Thus, the sample selection is not heterogeneous in terms of gender
distribution. A similar inhomogeneity applies to the whole distribution in the dual vocational
education and training system in Germany (Leifels, 2018). The chosen experts were selected
from a pool of companies of different sizes. The company size ranges between 380 and 27,500
employees (M = 8,727.09; SD = 9,253.50). The interviewed instructors are responsible for a
total of 2,828 technical vocational students. The companies are from different fields, but all are
in the industrial sector and are located in Germany. The interviewees were selected based on
their leadership function in dealing with the companies’ technical vocational students. There-
fore, they are responsible for all or a segment of the corporation’s training management. All
interviewees deal with the consequences of Industry 4.0 in their training management and have
an overview of how cooperation with (vocational, general education and higher education)
schools works in their companies. They also have an idea of how and where technical vocational
students can acquire certain skills and abilities. The experts were equipped with the relevant
information, were able to reproduce it precisely, were also available for a sufficient amount of
time and were motivated to exchange views on the topic. Therefore, all external prerequisites
for a successful expert interview were given (Glaser & Laudel, 2010). All interviewed corporate
instructors took part in the survey voluntarily, in eight cases by telephone. All interviewees

gave their permission to record and subsequently evaluate the interviews.
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3.4.2 Procedure and Analysis

A qualitative content analysis based on Mayring (2015) was conducted to evaluate the pro-
vided statements. The data was obtained through semi-structured expert interviews. The semi-
structured interviews were conducted in September and October 2017 by experienced trained
academic staff. The length of the interviews varied between 35 and 61 minutes (M = 50.72; SD
= 7.28). The recordings were transcribed using the F5 transcription software and then encoded
with the F4 analysis software. This was done by two experienced coders. The deductively sorted
but open questions of the interviews led to categories being inductively coded. The interrater
reliability was good with K = 0.65 (Cicchetti & Sparrow, 1981). The categories created were
structured according to the principals of valence analysis (Mayring, 2015). Categories were
created by assessing and assigning the individual statements, and from these categories compe-
tence dimensions were formed. These competence dimensions were each subdivided with a
scale into “high level”, “medium level”, “low level” and “not available”. This resulted in a
weighting scheme which provided information on whether and how the skills and abilities de-
picted and explained in Figure 3.1 are available, to what extent these are needed in Industry 4.0
and how cooperation between schools and companies can contribute in promoting them. The
results provide explorative and innovative indications and contribute to the understanding of

the model development.

3.5 Results

To illustrate the results of the interview study, Figure 3.2 shows a modified summary of
the multidisciplinary digital competencies. In the following, the statements and opinions of the

corporate instructors are presented as examples.

3.5.1 Current State of Multidisciplinary Digital Competencies

The experts stated that technical vocational students consistently show a high intrinsic mo-
tivation when it comes to working with digital technologies: “I would say the motivation of the
technical vocational students is very high (...) I have only recently had feedback on this. They
are all enthusiastic... At least I have not heard of any inhibitions yet” (Interview 3.8). The eval-
uation of the ability to handle the hardware and software of digital technologies showed a slight
tendency towards high levels of proficiency as “today’s technical vocational students are part
of the digital age, meaning they know how to handle mobile phones, iPads and so on very well”

(Interview 3.5). According to the interviewees, the ability to find information is present given



Development of Multidisciplinary Digital Competencies in Dual Vocational Education and Training48
from the Instructors’ Perspective

that the technical vocational students’ search processes are run routinely and in a structured
manner and that they creatively search for additional sources when necessary.

While searching for information seems to pose no problem for the majority of technical
vocational students, organizing and evaluating the information is mostly classified as medium
or lower: “But where does the data come from and can the source be trusted?” (Interview 3.2).
The majority of those surveyed rank the protecting of data by technical vocational students as
alarming, because “the apprentices are used to putting everything on Facebook. They take pho-
tos of production lines and are not even aware of the fact that this could lead to the violation of
industry secrets” (Interview 3.5).

The ability to create content by using digital technologies is rated highly by the interview-
ees, as expert 11 states: “Most are already very good at visualizing things quickly using a
smartphone or tablet” (Interview 3.11). In contrast, the skill of programming is given an insig-
nificant role, because “currently, one does not need to have the competence to programme an-
ything” (Interview 3.8). The ability to collaborate using digital technology is largely classified
as low, as “the apprentices know how to use the devices to communicate and they also behave
adequately when they speak face to face. But when they don’t see each other, they sometimes
seem to have real difficulties to find an appropriate way to articulate” (Interview 3.2). Opinions
drift apart when it comes to the current ability to solve problems. While the ability to routinely
solve problems is generally ranked as low by the corporate instructors, the technical vocational
students are able to come up with creative ways of solving a problem. The following quotations
exemplify the divergent standpoints of the instructors:

“They have very intelligent, pragmatic and also creative approaches on problem solv-
ing” (Interview 3.6)

“Regarding most things the new generation just walks up and immediately asks some-
one else for help without even giving it a second of thought” (Interview 3.3).

A high ability to reflect was defined by the coding rules as follows: the technical vocational
students reflect of their own accord frequently and regularly. They can think holistically and
are able to contextualize their work and the resulting consequences. Furthermore, they critically
question the handling of digital technologies. The majority of uttered statements made did not
fit into this concept and were therefore ranked as low:

This ability of just having to question some things: What is connected with what and where?

Currently, this is not happening with the technical vocational students to an appropriate ex-

tent, because they don’t do it in their private lives either. They use all sorts of apps but don’t
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understand that all of it is connected in the background. And then transferring that to the

work context doesn’t work at all (Interview 3.5).

3.5.2  Future Requirements of Multidisciplinary Digital Competencies

In terms of being interested in learning and working with digital technologies, the inter-
viewees do not see any urgent need for action in the future. They consider the current develop-
ment of motivation to deal with new topics to be satisfactory. However, this high level would
also be needed to handle new innovative technologies at work in the future. For example, Expert
11 believes “that the trainees will have to bring their good attitude with them in the future as
well as to be open-minded” (Interview 3.11). The same applies to the resulting handling of
digital devices, which is currently already rated as very good: Expert 3 states that “in the future
they will also grow up with these future technologies and it will of course be important that
they can handle them correctly, but I have a lot faith in them” (Interview 3.3).

Even though the ability to find information was rated positively, a majority of the inter-
viewees called for this ability to be improved in the future, because “the half-life of knowledge
1s now so short that you have to keep yourself constantly informed. This is a big one!” (Inter-
view 3.5). Similarly, the experts expressed strong concern about the cognitive structuring of
information. Expert 9 claims that “it will become increasingly more important to be able to act
in an organized, structured and considered manner under chaotic and new conditions” (Inter-
view 3.9). Similarly, the instructors worry about the ability to evaluate newly acquired infor-
mation and to decide based on this information in the future. Expert 6 asks: “how will technical
vocational students filter from this large amount of available information what is important and
what irrelevant?” (Interview 3.6). The sensitivity to data security, which is already currently
rated as rather low by those surveyed, is also seen as being very relevant in the future, since
“after all, the topic of data security is a very decisive feature and critical in terms of success in
the course of digitalization” (Interview 3.1). The corporate instructors stated that less basic pro-
gramming skills would be required in future. Expert 7 argued that “to me the maximum is that
an apprentice might be able to use an auxiliary programming method. Thus, in my opinion, the
actual programming, even basic program writing goes a step too far in most vocational training
professions” (Interview 3.7). The interviewees agree that technical vocational students should
be able to collaborate appropriately with digital technologies in the future, and Expert 7 thinks
that “how and with whom I communicate is the essential competence employees must have in

the future” (Interview 3.7). The corporate instructors emphasize the notion that “it is difficult,
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mainly speaking and working with other people and departments must be developed more. Es-
pecially in the tone of conversation” (Interview 3.2).

When it comes to the problem solving ability of future technical vocational students, the
independence in editing tasks was highlighted in the interviews, through statements like: “we
must get them to take personal responsibility and to be courageous even when faced with the
unknown. This would certainly also accelerate problem solving processes” (Interview 3.4). The
ability to reflect, think and act holistically will play a greater role in the future; “as an appren-
tice, I will have to think outside of the box in the future. I must understand the upstream and
downstream processes. I have to understand that [ am a part of the whole. This applies to work

but also to private life”” (Interview 3.1).

3.5.3  Competence Development cross Different Learning Contexts

In order to obtain assessments of the integration of school and work, the interviewees were
asked about specific competencies and the place where they were obtained, among other things.
In their responses to these questions, all experts commented on the current relationship between
schools and companies as well as on the implementation of digitality within the cooperation
between these learning locations. The skills and abilities of multidisciplinary digital competen-
cies can be promoted at work. This is reflected in several references to skills and abilities in the
context of in-company training. For example, Expert 1 states that “when engaging apprentices
in a project, we don’t give them strict guidelines. I simply tell them that they are supposed to
inform themselves regarding components, guidelines, safety standards, etc. by using the inter-
net” (Interview 3.1). The answers of the participating corporate instructors to the question of
whether the relevant theory is also learned at the workplace differ considerably, as some “are
far from doing this systematically with a methodology” (Interview 3.5). The experts then re-
ported that learning theoretical content is the main task of vocational schools, because “the
transfer of theoretical knowledge takes place at school and, at the end of the day, that’s where
it belongs” (Interview 3.10). Furthermore, the learning of practical skills in a vocational school
context is assessed in a balanced way. Half of the interviewees comment positively on practical
learning opportunities at school, as the vocational schools “have a good basic structure and
vision with the ‘Lernfeld’ approach, which I find very good” (Interview 3.11). But the other
half criticizes the vocational teachers’ attitudes, as “some teachers are ‘quite far away’ from
current practical relevance in their technical subject” (Interview 3.1) and “many teachers, espe-
cially the older ones, have not yet come to terms with this sophisticated ‘Lernfeld’ approach”

(Interview 3.5). A minority of the interviewees made positive remarks about educational
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methods and the motivation of the teachers to include practice-oriented teaching content. For
example, Expert 8 stated that “if you look at these vocational schoolteachers here, it’s incredi-
ble! They often collaborate with the companies in their free time. That’s a totally different con-
nection [compared to general education schools]. Of course, they also depend on us more, for
example on feedback” (Interview 3.8). Other interviewees, in contrast, found that in their case
motivation was not as high as experienced by Expert 8. The cooperation with schools was often
seen as compulsory for both sides and thus described as a rigid relationship, in which there is
little talk about the didactic integration of the learning locations. Expert 4 claimed: “We have a
regular exchange with the vocational schools, but this is merely an exchange at the organiza-
tional level. This is not yet the possible merging of contents” (Interview 3.4). However, the
majority of corporate instructors wish for better cooperation with regard to a closer integration
of content and a greater flexibility for both training partners:

So, a closer connection between school-based learning and in-company training makes

sense in any case when it comes to access to working materials and the transfer of profes-

sional experience into the vocational course. I do believe that there is still a great potential
for optimization, because right now two systems are simply running side by side (Interview

3.3).

The interviewees noted that the skills and abilities needed in the future, as discussed in
research question 3.2, should be included more in teaching. For example, holistic thinking/pro-
cess understanding, protecting data, or the legal consequences of copyright usage “must be put
more into focus! Something questionable is written or posted on the Internet so quickly. In any
case, this would have to be addressed more at school” (Interview 3.1). Also, the ability to solve
problems should be further promoted by the schools, because “the apprentices should learn
problem solving skills at school” (Interview 3.6). However, the corporate instructors state that
they consider it difficult, for example, to promote the desired self-reflection in vocational
schools to the extent that would be desirable. Drawing conclusions about processes and organ-
izations from one’s own actions should take on a greater role at vocational school so that tech-
nical vocational students can relate theoretical content to practice. And “this relation to reality
must be encouraged more at school!”, claimed Expert 6 in interview 3.6.

Finally, it was emphasized by all interviewees that while training programmes should be
adapted to Industry 4.0, they are currently sufficiently flexible, so that there is no need for new
diversification and sub-occupational groups. The responsible stakeholders should “be careful
not to start reinventing any professions. The professional landscape actually offers enough

openness to keep up with the development [of digital technologies]” (Interview 3.4). Five of
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the corporate instructors advocate for the dual vocational education and training system to be
provided with a certain modularity, in which occupational groups learn overarching competen-
cies and abilities in a basic module and then one trains and continues to train through modules
in tune with the concept of lifelong learning. Therefore, in future, “the professions as well as
their course of training should become much more modular. In the sense that you develop a

basic module in which certain basic competencies are acquired” (Interview 3.9).

3.5.4 Key Findings and Model Modification

The illustrative answers shown here do not cover the entire distribution of answers, but are
only intended as examples to show the clearest opinion in each case. In order to get a better
overview, Figure 3.1 was revised based on all categorized statements. Thus, Figure 3.2. repre-
sents the summary of the future multidisciplinary digital competencies. Due to the statements
regarding the emotional engagement of the technical vocational students, the competence di-
mension (4) Interest in Figure 3.1 was renamed to (An) Attitude towards digitization in Figure
3.2. Because the demand for the correct use of hardware and software was mentioned very
frequently, this was introduced as a separate competence dimension, (By) Handling of digital
devices. The skills and abilities listed below are based on further statements of the corporate
instructors. With the decision to make handling of digital devices its own competence dimen-
sion, the dimension (B) Information of Figure 3.1 was changed to (Cw) Information Literacy.
The structure of (C) Security from Figure 3.1 was thus confirmed by the corporate instructors
and in Figure 3.2 merely renamed to (Dn) Application of digital security. The dimension (D)
Content was not confirmed by the corporate instructors, but required a greater adaptation. Thus,
the corporate instructors emphasized the importance of dealing adequately with copyright situ-
ations in the future, especially because young technical vocational students are so keen on cre-
ating or modifying content. Also, the ability to adequately communicate and collaborate with
other departments was summarized in the competence dimension (Fy) Collaboration. The abil-
ity to have basic programming skills was not confirmed by the corporate instructors and was
therefore not included in this new modified overview. The (Gy) Problem solving ability was
divided into two areas by the corporate instructors: the ability to solve routine problems inde-
pendently, and the ability to approach unknown situations creatively and courageously. For this
purpose, the ability of contextualization of Figure 3.1 was assigned to (Hn) Self-reflection,
whereas the corporate instructors often meant holistic thinking or general process understand-

ing.
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Figure 3.2

Summary of modified multidisciplinary digital competencies
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3.6 Discussion

The findings show that the interviewees expect multidisciplinary digital competencies, as
depicted in Figure 3.2, from the technical vocational students. However, the individual skills
and abilities are weighted differently depending on the interviewee. It should be noted that the
interviewees consider the curricula of the dual vocational education and training system to be
flexible enough to cover Industry 4.0 content and to be able to include digital technologies
(Lohr-Zeidler et al., 2016). On the other hand, more willingness and flexibility on the part of
the educational partners are desired. At the same time, the corporate instructors criticized the
fact that not all teachers would be open to new developments. Regarding this criticism, it must
be kept in mind that it consists of subjective opinions expressed by the company partners and
not by members of the educational institutions.

The interviewees confirm the view of Sappa and Aprea (2014) that the practically relevant
activities are mostly learned on the job and the theoretical content at the vocational schools.
They confirm corresponding statements that the promotion of the ability to self-reflect and at-
titude are more likely to be assigned to the learning location of vocational schools (Walzik,
2004). The interviewees also expressed the wish that the educational system would focus more
on targeted support for problem solving skills and endorse an understanding of security as well
as an increased integration of digital communication conventions in class. The ability to be
enthusiastic about tasks in a digital context and with digital technologies was predominantly
rated as “existing” and thus corresponds to the basics of emotional engagement of Fraillon et
al. (2014). Technical vocational students’ current handling of hardware and software was as-
sessed by the majority as adequate. Even though the technical vocational students’ abilities to
find information was assessed as predominantly sufficient as of now, the instructors neverthe-
less diagnosed a need for more awareness here (Fraillon et al., 2013, 2014). The abundance of

available information leads to an overall low ranking of the ability to structure information
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cognitively (Carretero et al., 2017; Ferrari, 2013). The same holds true for the ability to evaluate
information and make decisions (Ferrari, 2013; Fraillon et al., 2014). This is currently not ade-
quately developed and should be promoted more strongly by both partners in the context of
vocational training.

With regard to dimension (D) from Figure 3.1, the experts complained of a missing sense
of the essential — the so-called “looking beyond one’s own nose”. However, future technical
vocational students should also develop self-reflection and question their own activities more
critically and to a greater extent than they have done so far (Ifenthaler, 2012). In the questions
on the ability to reflect, self-confidence and the courage to creatively search for new paths
played a major role for instructors in the interviews. This point coincides with the model of
Heckhausen and Heckhausen (2010), which among other things implies that self-reflection can
lead to self-confidence and motivation. Even though the physical handling of digital technolo-
gies is viewed as appropriate by the interviewees, in their view technical vocational students
usually act too carelessly and not in line with security guidelines in practice. The security aspect
is currently regarded in the literature and also by the instructors as questionable and even pos-
sibly critical for future success (Carretero et al., 2017; Ferrari, 2013; Vanderhoven et al., 2016).

A more analytical, structured and creative way of solving problems is requested of the
technical vocational students, as they will constantly have to face new problems and tasks due
to the progressive and rapid changes within their working environment. To this end, it is advis-
able to promote these skills specifically through the cooperation of school teachers and instruc-
tors with practical experience on a project basis.

The interviewees did not shy away from self-criticism and acknowledged that they see
potential for improvement in their own training company, particularly when it comes to pro-
moting reflection, safe handling of digital technologies and communication skills. A closer ex-
change with didactically experienced teachers would consequently be beneficial. But, on the
basis of the interviewees’ statements, cooperation between schools and companies is usually
based solely on the exchange of organizational information, such as certificates, absences and
so forth, and therefore confirms the findings in the literature that cooperation relationships usu-
ally only work appropriately at the political and administrative level (Euler, 2004). But a purely
administrative cooperation does not suit the demands of a closer substantive integration
(Biemans et al., 2004). An agreement by the dual partners on a model of multidisciplinary dig-
ital competencies could be conducive to this cooperation (Biemans et al., 2004). Penk (2004)
argues that an agreement on a common basis for the assessment of multidisciplinary digital

competencies could foster coordination of content. The Lernfeld approach seems to be well
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received by the instructors and provides for a certain amount of orientation regarding processes
at work (Lipsmeier, 2004). It is an interesting result that the interviewees, contrary to some
research (Arntz et al., 2016; Ferrari, 2013), do not desire any sophisticated programming skills

from the general workforce in the future (Delcker & Ifenthaler, 2017).

3.6.1 Limitations

The conducted qualitative study suffers from some limitations. The number of interviewees
is sufficient for exploratory purposes, although a larger number of interviewees would have
made it possible to also assign certain statements to specific industries or company sizes. Fur-
thermore, the study is limited by an unequal ratio of male and female instructors. The companies
surveyed all have the capital and human resources at their disposal to deal with change pro-
cesses in the context of Industry 4.0 and their effects on the technical vocational students. A
similar study devoted exclusively to small and medium-sized enterprises would generate en-
hanced insights. The available findings can only serve as an indicator to illustrate the differ-
ences in an exploratory way. In order to be valid for a corresponding population, the differences

found here would have to be explored quantitatively.

3.6.2 Implications and Future Work

The findings of this study deliver insights for companies and educational institutions which
are engaged in industrial and commercial occupational training and further education training
within the framework of Industry 4.0. Technical vocational students must be adequately pre-
pared for Industry 4.0 at school and during (vocational) training. This will be crucial for long-
term success in the future (Kotter, 2007). In this respect, the blanket assessment of individual
skills and abilities should make it possible to decide individually which competencies should
be given more focus in which occupational profiles. The demand for a modular vocational ed-
ucation and advanced training culture is interesting. In order to establish such a way of learning,
a closer cooperation between learning locations is fundamental. This cooperation could be re-
alized, for example, by using a superordinate and open learning platform (Beiling et al., 2012).

Connectivity between schools and companies requires a close basis of collaboration
(Tynjéld, 2009), such as the implemented Learning Factories 4.0 in Baden-Wuerttemberg
(Klose & Wilbers, 2019). These model Industry 4.0 production facilities could function as di-
dactic CPPS in vocational schools, both for cooperation between industrial and commercial
schools as well as between vocational schools and companies (Scheid, 2018).

Regarding the connectivity of their company, the interviewees stated that the educational

system is undergoing a digital transformation as well. So, the conclusion can be drawn that
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cooperation between learning locations must develop accordingly. The role of competence de-
velopment that integrates learning locations is becoming increasingly central in a connected
(working) world. The dimensions in which improvement of cooperation between learning lo-
cations is required are those of cognitive information processing due to the amount of infor-
mation in the digital context, the security of company and personal data, the changing ability
of technical vocational students to solve problems as well as the ability to reflect, which can be
assumed to mutually influence the motivation to work and learn with digital technologies
(Keller, 2010). In order to further modify the model of multidisciplinary digital competencies,
a corresponding study with participants from vocational schools will take place. Subsequently,

a special focus will be on teaching units related to Learning Factory 4.0.
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4. The Impact of Learning Factories 4.0 on Multidisciplinary Digital Com-

petencies

This fourth chapter explores the perceptions of technical vocational teachers on which mul-
tidisciplinary digital competencies are necessary for working in Industry 4.0 and what impact
Learning Factories 4.0 could have on developing them. After an introduction, the theoretical
background is explained. Then the scientific methodology and its results are presented. At the
end, the results are discussed and placed into context and avenues for further research are ex-

amined.

4.1 Industry 4.0 and the Dual Vocational Education and Training System

The following sections briefly describe Industry 4.0 as well as multidisciplinary digital

competencies in the vocational school context.

4.1.1 Industry 4.0 — A Brief Introduction

The agitation about Industry 4.0 is a very German peculiarity. Outside the German-speaking
world it frequently appears under the name “Industrial Internet of Things” (Ilot) (Voigt et al.,
2018). Both in the private sector and in scientific literature, the term Industry 4.0 has no distinct
definition. However, the idea is slowly gaining ground that there is no fourth industrial revolu-
tion behind the politically motivated and artificially proclaimed term Industry 4.0, as was the
case with the previous revolutions (1% industrial revolution: steam engine; 2" industrial revo-
lution: electrification; and 3™ industrial revolution: automation). It is rather an evolution linking
the 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 across the value chain horizontally. In this context, value-
added networks are given preference over value chains (Gebhardt et al., 2015; Hecklau et al.,
2016). These networks utilize data exchange between customers, employees, objects, and sys-
tems 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 (Spottl et al., 2016). The CPS are digitally networked and have user

interfaces for human-machine interaction (Vogel-Heuser et al., 2012). Holistic interconnection
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through Industry 4.0 facilitates adaptations to spontaneous changes of the production environ-
ment (Hecklau et al., 2016). This may provide advantages to companies, such as the avoidance
of redundancies and the reduction of storage and transportation costs. Through the value-added
network and the real-time data transfer, the batch size of one enables individualized mass pro-
duction (Gebhardt et al., 2015a). New business models relying on a more flexible and efficient
production could provide a higher customer satisfaction due to possible individualization of
products. Beside the expectation of creating new business models and boosting the economy
through individualized mass production, there are also some issues which need to be critically
assessed:

- Most companies view the digital transformation as the most urgent topic. But at the
moment, only a few can see themselves in the value-added networks in Germany
(Schiffer & Weber, 2018).

- An often-cited specific problem for a company while discussing Industry 4.0 is IT se-
curity. It is essential to protect the physical production line, but it is also a Herculean
task for IT infrastructure (Thames & Schaefer, 2017). This applies especially to small
and medium-sized companies (SMEs) (Sommer, 2015). 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).

- 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 stakeholders in the German dual vocational school system often
do not. This will be a critical point for achieving 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 entails a change in
employees’ multidisciplinary digital competencies (Tisch & Metternich 2017; Berger, Granzer,

and Lutz 2018).

4.1.2 Multidisciplinary Digital Competencies 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-standardized situations (Westera, 2001).
There are numerous concepts of competence in the digital context, which usually differ from

each other only in nuances (Meyers, Erickson, & Small, 2013; Ilomiki, Paavola, Lakkala, &
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Kantosalo, 2014; Fraillon, et al., 2015; Vuorikari, Punie, Carretero, & Van Den Brande, 2016;
van Laar, van Deursen, van Dijk, & de Haan, 2017). The concept of multidisciplinary digital
competencies contains the attitude towards digitization, the handling of digital devices and In-
formation Literacy (Fraillon et al., 2014). It also includes the aspect of digital security (Ferrari,
2013), digital collaboration (Carretero et al., 2017), problem solving and reflection (Eseryel et
al., 2011), which are also part of the 21% century skillset (Ananiadou & Claro, 2009). Roll and
Ifenthaler (2020) developed a model of non-subject-related digital competencies especially for
technical vocational students. They define multidisciplinary digital competencies as the “com-
bination of willingness, abilities and individual skills to behave adequately and socially respon-
sibly in the digital context of multidisciplinary professional, but also social and private situa-

tions” (Roll & Ifenthaler, 2020a, p. 193).

4.1.3 Learning Factories 4.0 in German Technical Vocational Schools

Heyse (2018) notes that school policy and teaching in general must change in the digital
age. This is especially crucial for industry-related vocational schools, where the learners train
for their work life. A state-wide initiative supported by the Ministry for Economic Affairs and
the 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 is a model-like production line-up implemented at several technical vo-
cational schools in the federal state of Baden-Wuerttemberg since 2017. By 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 and Housing of
Baden-Wuerttemberg, 2017, 2018, 2019). Especially students of the metal and electrical indus-
try are learning with Learning Factories 4.0. Scheid (2018) argues that subject-related and non-
subject-related competencies are developable by teaching with Learning Factories 4.0. How-
ever, current Learning Factory 4.0 literature does not focus on competence development in
technical vocational schools, and there are no empirical studies documenting the benefits of
Learning Factories 4.0 for learning and teaching.

Learning Factories 4.0 never have the exact same technical structure. This is because the
requirements for each Learning Factory 4.0 depend on the particular vocational school and its
study programmes. Some of them focus on control engineering, some on the interface to Infor-
mation Technology, and many focus on manufacturing (Scheid 2018). The popular term Learn-
ing Factory 4.0 includes two different but similar technical facilities in technical vocational
schools:

1) Modular basic laboratory
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There is a modular basic laboratory that allows teaching 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 laboratory can be
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 holistic smart factory is a cyber-physical production system (CPPS). It is the
more popular form of Learning Factory 4.0. In contrast to the modular laboratory, the CPPS
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. The CPPS also does not focus on only one subject but combines
everything a real smart factory could have. Therefore, it includes components of automation
technology, electrical engineering, mechatronics, and robotics. The CPPS models complex pro-
duction lines and batch size one production. In addition, the effects of networked production
are shown with the CPPS.

While Learning Factories 4.0, especially the CPPSs, differ from each other, common ele-
ments include a holistic production line combining a chaotic warehouse, the pneumatic con-
veying systems, one or more automated robots, several quality control elements, pressing mod-
ules, and heating modules (Scheid, 2018). However, research focusing on the instructional de-
sign of learning environments for Industry 4.0 including Learning Factories 4.0 at (vocational)

schools is scarce.

4.2 Research Questions

This chapter seeks to close the research gap of how to design learning environments utiliz-
ing Learning Factories 4.0 to develop multidisciplinary digital competencies using an explora-
tive qualitative study approach. Hence, the goal of this research is to gain insight into fostering
multidisciplinary digital competencies in Learning Factories 4.0. It does so with through the
following three research questions (RQ):

(RQ 4.1) What role do digitization and Industry 4.0 play in the technical vocational schools?
(RQ 4.2) Which multidisciplinary digital competencies do the technical vocational teachers
most value for Industry 4.0?

(RQ 4.3) How do teachers integrate the Learning Factories 4.0 into their teaching?
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4.3 Method

The following sections provide an explanation of the research design, participants, and

analysis method of this qualitative study.

4.3.1 Design and Participants

As Scheid (2018) concludes, there is no research about the “teaching-learning arrange-
ments within a Learning Factory” and about which “required competencies [are important] for
future shop-floor workers” (Scheid, 2018, p. 287). In order to investigate the teachers’ perspec-
tive on this research gap, a qualitative exploratory research approach was chosen. For the pre-
sent exploratory qualitative study, interviews with a focus on the implementation of Learning
Factories 4.0 at German vocational schools were conducted. The participants are teachers of
electrical engineering or mechatronics. The main criteria for selecting the teachers were: (a)
they have teaching experience with a Learning Factory 4.0 and (b) they were involved in the
planning and implementation process of the Learning Factory 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 an-
swer the three research questions (Patton, 1990). The interviewees agreed to audio recording,
participated on a 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 (Glédser & 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 age span is between 28 and 54
years. The interviewees teach between 75 and 385 (M = 220.61; SD = §9.26) students, of the

relevant professions at the Learning Factory 4.0.

4.3.2  Procedure and Analysis

A semi-structured interview guide was designed beforehand, based on a prior 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 digitiza-
tion and Industry 4.0 on their technical vocational school. In this section, the teachers were also
asked which multidisciplinary digital competencies future shop-floor workers should have in

general. In the third part, the teachers were asked about the collaboration between their
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vocational school and regional companies. The fourth part of the interview focused on the ped-
agogical usage of the Learning Factories 4.0. The interviews lasted from 17 to 37 minutes (M
=27.15; SD = 6.78). Due to holidays and several exams, the period for conducting the inter-
views stretched between the end of April and November 2018. All the interviews were con-
ducted via phone, recorded and then transcribed with the f4transkript transcription software
(Dresing, 2019). The gathered material met all six criteria of objectivity (Mayring, 2002). 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 chapter the responses were translated and para-

phrased.

4.4 Results

The technology of Learning Factories 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 Learning Factories 4.0 and the preparation of all stakeholders

for Industry 4.0 processes on the organizational and staff level in vocational schools.

4.4.1 What Role do Digitization and Industry 4.0 Play in Technical Vocational

Schools?

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 emphasized that schools “recognized the sus-
tainability and necessity of digitization and must now be instructional” (Interview 4.15). The
participants claimed that digitization is “priority no. 1 at our school!” (Interview 4.1) and that
they aimed “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 4.11). While the school administration is organizing the acquisition of appropriate
infrastructure, the teachers are thinking about the impact of digitization on their teaching. Most
of the interviewed teachers interpreted the role of digitization not only in integrating digital
devices, but also in discussing the consequences of digitization. “Our school administration
made me discuss the advantages and disadvantages of the increasing role of digitization in our
everyday world” (Interview 4.16). The minority of interviewees are still busy with the digitiza-
tion of their analogue materials. This was expressed in statements like: “Right now I am con-

centrating on the digitization of my materials” (Interview 4.2) and “I just started to integrate
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digital devices into my lessons” (Interview 4.7). Industry 4.0 seems to be on the rise within
technical vocational schools. The interviewees told us that “Industry 4.0 affects every curricu-
lum at our school” (Interview 4.14) and “We have to discuss the opportunities and threats of
Industry 4.0” (Interview 4.4).

With regard to the implementation of Learning Factories 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 4.19). While the will to integrate Industry 4.0 top-
ics is present, the teachers warn that “you have to adapt the new [Industry 4.0] content for the
varying level of students” (Interview 4.13). While “basic topics can be taught with all classes,
how deep you can go into the matter depends on the profession of the students” (Interview
4.11). However, the motivation to teach with and about Industry 4.0 seems high. Through the
implementation of Learning Factories 4.0 these schools have a technological lead in comparison
to most companies: “these vocational schools with a Learning Factory 4.0 are more technolog-
ically advanced than many companies” (Interview 4.12). To conclude and answer research
question 1: even if the infrastructure, like fast Wi-Fi, tablets, and smartboards, is improvable,
the teachers are aware of the need to integrate digital devices and topics into their classrooms.
The extraordinary technological standard of Learning Factories 4.0 is currently ahead of that of

companies.

4.4.2  What Multidisciplinary Digital Competencies do the Technical Vocational
Teachers Most Value in Industry 4.0?

The interviewees had many different ideas regarding the multidisciplinary digital compe-
tencies of their students. The interviews revealed: process understanding (nine interviewees
with high expectations), 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 latter is: “They must under-
stand the consequences of technology for their individual life. This must be brought more into
focus” (Interview 4.18).

Digital communication and collaboration seemed to be important for the teachers. Six par-
ticipants expressed their view that the students should have a basic knowledge of other subjects.
This would allow them to express themselves and understand problems in another profession.
Interviewee 14 said: “They have to learn how to communicate with professionals of other dis-
ciplines. For example, a mechatronics student should be able to explain his problem to an IT

specialist and vice versa” (Interview 4.14). Seven of the nineteen participants expected
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students’ IT skills to be more advanced. They explained this with the example of programming
serial ports or handling subject-specific IT software. The interviewed teachers did not expect
their students to have deep programming skills, but typical basic programming ones. Inter-
viewee 9, for example explained: “They must be able to act absolutely safely, especially in
interface programming. Because networking in combination with data security and data analy-
sis will become more and more important” (Interview 4.9).

In the school context, Information Literacy will also become increasingly important. “Stu-
dents must have a proper research strategy. That will definitely become more important. Oth-
erwise, as is the case today, they will only scratch the surface and not go into informal depth”
(Interview 4.1). The opinion on copyright is summarized by this statement: “Copyright? Yes,
this is of course always required in presentations here at school. But I think that in the future it
will not be as important in practice as it is in school, where more theory is taught and where it
is important to know where the facts come from” (Interview 4.18). To have a structured, critical
strategy for solving problems seems a general but very important skill for acting safely in In-
dustry 4.0. “To analyse a problem systematically” (Interview 4.6) and to “develop a creative
way to problem solving, if the usual actions did not work” (Interview 4.4) appear to be im-
portant for future shop-floor workers.

The most often-cited 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 4.2). The recognition
of individual processes should “be promoted by their systematic thinking to recognize pro-
cesses” (Interview 4.5). Furthermore, the teachers interviewed did not appreciate the relevance
of self-reflection in the digital context. To summarize the results of RQ 4.2: The interviewed
teachers highlighted multidisciplinary digital competencies which are not subject-specific but
are needs-oriented and important for young individuals to act adequately, individually and so-

cially responsibly in the professional digital context.

4.4.3 How do Technical Vocational Teachers Integrate the Learning Factories 4.0

into Their Daily Teaching?

The responses were divided into three categories: (1) there is no pedagogical concept usa-
ble daily, (2) a pedagogical concept is under development, and (3) teachers integrate the Learn-
ing Factory 4.0 daily with functional pedagogical concepts. Before the participating teachers
responded to the pedagogical integration of the Learning Factories 4.0 they were asked about
the infrastructure of the Learning Factories 4.0. Most of them were built up by FESTO (Scheid,
2018). The majority of the teachers stated that the installed Learning Factory 4.0 works just fine
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and “over time you can easily handle minor problems” (Interview 4.15). Larger problems, how-
ever, can usually not been resolved without external support from the manufacturer. Interview
17 summarizes this fact quite well: “Overall, the system works well, but maintenance and prep-
aration are very time-consuming” (Interview 4.17). Two participants admitted that they cannot
integrate the Learning Factory 4.0 because they actually have no concept for its pedagogical
use. However, this is also due to the fact that in these two schools the modules of the Learning
Factory 4.0 were technically integrated only shortly before. Interviewee 3 revealed: “We have
not developed any concepts yet, because we still have to integrate all the modules” (Interview
4.3). By contrast, there are several statements that reveal a different situation. These schools
are testing and developing different pedagogical concepts right now; “[ We had] the rough idea
for quite a long time. But we are now finally in the actual development phase” (Interview 4.2).
Many schools developed a concrete idea before they implemented their Learning Factory 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 CPPS” (Inter-
view 4.13). Given the complexity, it takes a lot of time until teaching at the Learning Factory
4.0 works. It seems like teaching with the CPPS works best on a project basis, in larger time
slots and across class structures, but this requires a high level of school organization. The inter-
viewees “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 4.1). Other participants agreed with Interviewee 1
and told us that “there are many small steps but we are slowly going in the right direction”
(Interview 4.19).

Beyond the pedagogical integration of the CPPS, some schools go further and try to inte-
grate a “virtual twin of the Learning Factory 4.0. This is our current development task” (Inter-
view 4.17). The interviews show that the longer the Learning Factories 4.0 have been 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 have
already been using their Learning Factories 4.0 for a long time and use “completely elaborated
lessons [which] could also be used for further education” (Interview 4.9). The fact that some
schools, after their concepts have already been tested, give further thought to the issues is shown
by 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 [Vir-
tual Reality] functions on our CPPS” (Interview 4.9). Furthermore, the interviews reveal a
trend: the higher the degree of the students, the more the Learning Factory 4.0 is integrated into

teaching. Many participants mention that “there are many more elaborate lessons and concepts
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for teaching future state-certified technical engineers with the Learning Factory 4.0 than for a
lower educational level” (Interview 4.18). The lower the performance level of the several
trained professions, the fewer concepts are already integrated into daily teaching within the

Learning Factory 4.0.

4.5 Discussion

In summary, the interviewed teachers understood the necessity of multidisciplinary digital
competence development (Berger et al., 2018; Tisch & Metternich, 2017). For a minority, the
focus of the digitization of schools is still on providing fundamental responsive digital infra-
structure. At first glance, this is 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 Learning Factory 4.0, challenges such as the implementation of digital
class books, fast and reliable Wi-Fi that is available in the entire school, not just in the room
with the Learning Factory 4.0, or the procurement of digital devices still have to be mastered,
even though German vocational schools are usually above average in their technical and digital
equipment (Kriitzer & 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 digitality and its
effects as a topic (Ifenthaler & Schweinbenz, 2013, 2016). The complexity of Learning Facto-
ries 4.0 and the fact that most companies in the vicinity of the technical vocational schools do
not have similar facilities and adequate human resources at the moment (Sommer, 2015) could
make it difficult to get help to fix bugs or further develop pedagogical concepts. A better ori-
entation could be the universities, which work with their students at Learning Factories 4.0
(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 uni-
versities can work with their learners at the project level (Baena et al., 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 prioritized in the interviewed schools.

The competencies of RQ 4.2 are not tied to specific training occupations. Therefore, the
claimed skills fit in a model of multidisciplinary digital competencies. Advanced IT skills could
be a level of handling digital devices. The ability to use the internet for adequate information
retrieval is attributed to the competence dimension Information Literacy. Protecting technical
infrastructure from external access is assigned to application of digital security. Collaborating

digitally matches the idea of the competence dimension of collaboration. To solve problems
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creatively or systematically fits problem solving. The ability to understand processes and holis-
tic thinking could be assigned to self-reflection. They can therefore be considered part of the
required multidisciplinary competencies (Wilbers, 2016) to work in an interconnected industry.
Only the stated broad expertise of technical vocational students seems at a first glance not to fit
a specific aspect of multidisciplinary digital competencies. It could either be part of reflection,
problem solving, or digital collaboration, or of none of these (Roll & Ifenthaler, 2020a). Cur-
rent literature claims that most schools do not have fitting pedagogical concepts to help develop
competencies through teaching with the Learning Factory 4.0 (Scheid, 2018). But the current
state of integration of Learning Factory 4.0 has to be assessed differently. While schools that
have implemented a Learning Factory 4.0 for some time now have more mature concepts, most
schools are in the developing process. The time factor and the experiences made should be
taken into consideration. It is not surprising that the use of Learning Factories 4.0 varies, con-
sidering 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 Learning Factories 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 Learning Factory 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 quite well. The findings of RQ 4.3 reflect the opinion of Kotter and Schlesinger
(2008) that major technological implementations and change processes need to be very well
prepared. The difficult and unresolved question here is how the teachers could have been better

prepared for the complexity of the Learning Factories 4.0.

4.6 Implications and Future Research

The findings may be of interest to organizations 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 Learning Factories 4.0 and the
involved stakeholders should have concrete plans on how to prepare teachers. Also, creating
new teaching or technical positions that support existing vocational teachers might have accel-
erated the actual pedagogically thought-out usage of Learning Factories 4.0. Technical voca-
tional students must be properly prepared for Industry 4.0 in vocational schools and occupa-
tional training. In line with Spoéttl et al. (2016) and Wilbers (2016), the awareness of which
multidisciplinary digital competencies should be promoted could also help to consciously inte-

grate them into teaching. The results may help to develop teaching scenarios for other Learning
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Factories 4.0 in technical vocational schools or to adapt existing ones. The findings with regard
to the multidisciplinary digital competencies could be applied to the occupational part of the
dual training. The required interdisciplinary cooperation in training of companies (Spottl et al.,
2016) can be more intensively promoted than in the organizational environment of the voca-
tional schools (Scheid, 2018).

This study is limited by the fact that the statements are the subjective personal opinions of
the teachers (Flick, 2014; Kidd, 2002). The sample’s validity is also limited: the present find-
ings are based on a specific group of 19 respondents. However, given the fact that there are
very few technical vocational schools with Learning Factories 4.0, the sample can be considered
to provide 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 Learning
Factories 4.0 as new concepts in vocational schools. Competence tests that analyse the subject-
related, but also the multidisciplinary digital competencies, of the technical vocational students
should be at the centre of this evaluation. The fact that the model-based representation of In-
dustry 4.0 can promote competencies in university is scientifically confirmed (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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5. Multidisciplinary Digital Competencies of Pre-Service Vocational Teach-

ers

In this chapter a structural equation model is used to analyse the relations between the
competence dimensions, whether they are self- or externally and qualitative assessed. After an
introduction, the theoretical background is provided. This is followed by the explanation of the

research design and participants, before the results are presented and discussed.

5.1 Introduction

The current digital changes in the industrial world of work are often referred to as the
“fourth industrial revolution” or Industry 4.0 (Acatech, 2016a; Mertens et al., 2017). While
originally this was a German particularity, research on the topic is constantly growing in many
different fields worldwide and is no longer limited to German industry (Belinski et al., 2020;
Liao et al., 2017). In this paper, Industry 4.0 is understood as the horizontally and vertically
interconnected digitization of entire industrial value chains. This includes the real-time data
exchange between customers, employees, objects and systems via cyber-physical systems
(CPS). This turns industrial value chains into value-adding networks (Gebhardt et al., 2015;
Kagermann et al., 2013). Within these value-adding network, smart products, which carry op-
erational data for their own individual building plans (Weyer et al., 2015), communicate with
self-organized and decentralized cyber-physical production systems (CPPS). The resulting
smart production lines enable batch size 1 production with maximum cost efficiency (Wilbers,
2017). This interconnection facilitates adaptation to spontaneous changes in the environment
(Hecklau et al., 2016). A particularity of working in Industry 4.0 is that the contents of work
change due to the interconnection, the real-time transmission of data due to CPS and the in-
creasing automation of production.

Even if most studies on Industry 4.0 are still visionary or conceptual in nature (Veile et al.,
2019), publications already focus on the resulting and necessary changes of occupational struc-
tures and work activities as well as additional requirements for employees, i.e., digital compe-
tencies (Gronau et al., 2017a; Hecklau et al., 2016; Hummel et al., 2015; Tisch & Metternich,
2017), such as procurement of information and holistic thinking ability (Spoéttl, Gorldt,
Windelband, Grantz, & Richter, 2016). There are already numerous studies on digital compe-
tencies (Carretero et al., 2017; Ferrari, 2013; Fraillon et al., 2013, 2019; Ilomiki et al., 2016)
and 21* century skills (Ananiadou & Claro, 2009; Siddiq et al., 2016; van Laar et al., 2017,
2020). However, few studies have been conducted on the digital competencies of technical vo-

cational students (Seufert, 2020; Spottl et al., 2016; Tenberg & Pittich, 2017). These often have
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one thing in common: in the mostly explorative approaches, the pool of experts is very broad
and stakeholders who are not directly involved in the training are often interviewed. This some-
what dilutes the statements of the respective studies (Hambach et al., 2017; Spath et al., 2013;
Ziegler & Tenberg, 2020). Based on two previous exploratory studies which focused on Ger-
man corporate instructors and (technical) vocational teachers regarding required multidiscipli-
nary digital competencies for future technical vocational students, Roll and Ifenthaler (2020a)
suggest that multidisciplinary digital competencies consist of specific knowledge, motivational
aspects, cognitive abilities and skills, which technical vocational students in Germany require
in order to be prepared for the upcoming changes of Industry 4.0. The multidisciplinarity iden-
tified in these two exploratory studies is based on the findings of Tenberg (2020) and Walker
et al. (2016) that, due to the interconnectedness of Industry 4.0, it is important in the various
training professions to possess multidimensional digital and multidisciplinary skills and abili-
ties that are not purely professional or purely technological to in order to face multidisciplinary
problems. Accordingly, multidisciplinary digital competencies should be understood from a
dispositional perspective in which they are the sum of various motivational and cognitive com-
petence dimensions (Blomeke et al., 2015).

Teaching all kinds of Industry 4.0-related competencies in the 21 century requires corre-
spondingly competent teachers (Instefjord & Munthe, 2017; Maderick et al., 2015; Rubach &
Lazarides, 2019) and therefore a change in the competencies of technical vocational students
has implications for all educational stakeholders in the vocational and educational training
(VET) system (Sloane, 2019). For example, school development will change because teachers
must ensure that lessons are developed in such a way that the current state of digitization is
discussed and the corresponding digital competencies are developed alongside current subject-
related ones (Seufert et al., 2018).

In addition to the subject-related changes that Industry 4.0 brings to technical and commer-
cial vocational school teachers, new adjustments of multidisciplinary perspectives are also
highly relevant for general vocational teaching (Kutscha, 2017). Technical vocational students
must also be prepared in schools for the multidisciplinary challenges of Industry 4.0 (Wittmann
& Weyland, 2020). In addition to subject-related competencies, research is increasingly show-
ing that all kinds of digital competencies such as dealing with IT security (Simandl et al., 2017)
or Information Literacy (Scherer et al., 2017) are becoming important in the vocational class-
room (Seufert, 2020). However, there is a need to address this issue, because the training of
vocational school teachers is not systematically prepared for developing such competencies,
and there is no empirical evidence describing the level of multidisciplinary digital competencies

of vocational teachers (Gossling et al., 2020; Tenberg, 2020).
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Self-assessment is a legitimate instrument to obtain information about the multidisciplinary
digital competencies of pre-service vocational teachers in a resource-efficient manner (Calvani
et al., 2008). But multiple or single choice questions are not fitting for every dimension of a
multidisciplinary digital competencies framework (Calvani et al., 2008). Self-assessment in
general can only measure competence indirectly (Meritt et al., 2005) and studies show that
especially with regard to computer-related competencies, individuals tend to overestimate their
skills and abilities (Ihme & Senkbeil, 2017). However, self-assessment can determine self-effi-
cacy by asking for the participants’ own subjective assessment of whether they are capable of
dealing with specific situations (Bandura, 1982).

Another measurement technique requires observation of a large group over a longer time
(Calvani et al., 2008) or a qualitative approach via semi-structured interviews (Lundkvist &
Gustavsson, 2018). In contrast to Maderick et al. (2015) and their objective assessment via
multiple choice questions, this study provides a qualitative approach to assessing pre-service
vocational teachers’ multidisciplinary digital competencies. Guzman-Simon, Garcia-Jiménez
and Lopez-Cobo (2017) recommend a qualitative measurement approach to provide further in-
sights into obtained quantitative data. Accordingly, the focus of the study is to investigate the
paths of the various competence dimensions of multidisciplinary digital competencies identi-
fied in an exploratory study (Roll & Ifenthaler, 2020a) among pre-service vocational school
teachers through self- and external qualitative assessment. Specifically, this study has three
aims: (1) to validate the proposed structure of the multidisciplinary digital competencies; (2) to
examine the influence of attitude towards digitization on self- and externally assessed multidis-
ciplinary digital competencies; and (3) to investigate the prediction of the externally and qual-
itatively assessed multidisciplinary digital competencies through self-assessment of multidisci-

plinary digital competencies.

5.2 Theoretical Framework of Competence Dimensions

Given the numerous concepts of competencies (e.g. Ferrari, 2013; Ilomiki, Kantosalo, &
Lakkala, 2011), literacies (e.g. Fraillon, Schulz, & Ainley, 2013; Meyers, Erickson, & Small,
2013; Pettersson, 2017) and 21 century skills (van Laar et al., 2017) in the digital context, the
variety of meanings can be irritating (Iloméki et al., 2016; Pettersson, 2017; Weinert, 2001). A
specific research stream involves the models dealing with the integration of technology in the
classroom that examine when, why, how and with what quality teachers integrate digital tech-
nologies into their lessons — for example, the will, skill, (access to technological) tool model,
which the authors expanded by a pedagogical dimension in 2016 (Knezek & Christensen,

2016). It shows how teachers’ attitudes towards digital technologies, skills and technological
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equipment determine whether or not they integrate digital technologies into their lessons (Petko,
2012). Another model for examining pedagogical, content and technological knowledge is the
TPACK model by Mishra and Kohler (Schmid et al., 2020; Tondeur et al., 2020). It can be used
as a basis, but taking into consideration that the present model does not explicitly ask for content
knowledge, but for multidisciplinary competencies. Furthermore, this study is not intended to
ask whether and how pre-service teachers have a pedagogical understanding of how to teach
this interdisciplinary and technical content (Mishra & Koehler, 2006).

The dispositional sum of multidisciplinary digital competencies, which is presented in the
following, can be located in the competence dimension of technological knowledge in the
TPACK model (Koehler et al., 2014). In the following, however, the focus is on whether pre-
service vocational teachers also have the multidisciplinary digital competencies that are re-
quired of technical vocational students in Industry 4.0. Multidisciplinary digital competencies
are thought of as competencies that orientate themselves on the changing work environments
brought about by the implementation of Industry 4.0 (Gebhardt et al., 2015; Ifenthaler, 2018;
Sommer, 2015; Veile et al., 2019). Multidisciplinary digital competencies specifically address
the “necessary and sufficient conditions” of “tasks, goal and success criteria” (Weinert, 2001,
p. 51) related to Industry 4.0.

Multidisciplinary digital competencies, however, do not stand in contradiction with a do-
main-specific focus (Weinert, 2001). Domain-specific skills, abilities and knowledge are cru-
cial for solving complex problems within a specific domain (Weinert, 2001). The focus of mul-
tidisciplinary digital competencies lies in the demanding problems of an interconnected Indus-
try 4.0 work environment. Therefore, multidisciplinary digital competencies affect all profes-
sions that have to deal with Industry 4.0, regardless of their main discipline. Besides, if domain
is described as a “universe of tasks and responses” (Shavelson, 2010, p. 46) the universe of
Industry 4.0 and its specific digital tasks marks multidisciplinary digital competencies as a do-
main-specific competence model. Vocational teachers require knowledge, abilities and skills in
their specific subject domains (Rausch & Wuttke, 2016). Considering the change of work re-
quirements through Industry 4.0 (Ifenthaler, 2018) pre-service vocational teachers should have
digital competencies that are not only bound to their subject but are multidisciplinary (Roll &
Ifenthaler, 2020b). Based on the statements of corporate instructors, multidisciplinary digital
competencies combine specific dimensions of several digital competencies or digital literacy
frameworks to ensure that an individual has the willingness, abilities and skills to behave ade-
quately, individually and socially responsibly in the digital context of professional, social and
private situations (Roll & Ifenthaler, 2020a, 2020b). Figure 5.1 shows the seven dimensions of
multidisciplinary digital competencies: (1) attitude towards digitization, (2) handling of digital
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devices, (3) Information Literacy, (4) application of digital security, (5) collaboration due to
digital communication, (6) solving of digital problems and (7) reflection on the interconnected
and digital environment.

Figure 5.1

Dimensions of multidisciplinary digital competencies
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Solving digital
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on the digital
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5.2.1 Attitude towards Digitization

The interviewed corporate instructors in Roll and Ifenthaler (2020a) emphasized a positive
attitude towards learning and working with digital devices as essential for all kinds of work in
Industry 4.0 (Roll & Ifenthaler, 2020a). Ferrari (2012) indicates that an integration of attitude
is the key difference between a digital literacy framework and digital competencies models.
Weinert (2001) describes attitude as the motivational, volitional and social willingness to act.
For example, a positive attitude towards digitization can foster the self-efficacy beliefs of pre-
service vocational teachers for technology integration in the classroom (Farjon et al., 2019; Lee
& Lee, 2014; van Braak et al., 2004). Knezek and Christensen (2016) identified willingness as
the greatest predictor in their will, skill, tool model. Therefore, attitude towards digitization
(AD) is a predictor for this suggested theoretical framework of multidisciplinary digital com-

petencies.
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5.2.2 Handling of Digital Devices

Pre-service vocational teachers who want to integrate digital devices in the classroom need
to know how to deal with the associated daily challenges (Koehler et al., 2014). Ilomiki et al.
(2016) state that “technology-oriented terms describing general competences are diminishing
in research papers” (Ilomiki et al., 2016, p. 668), but the handling of digital devices (HD) is
still fundamental to models of digital competencies (Selwyn & Husen, 2010) due to the growing
number of portable digital devices (Delcker et al., 2016; Martin & Ertzberger, 2013) This com-
petence dimension includes both the handling of physical devices and the efficient use of cor-
responding software (Johnson et al., 2006; Roll & Ifenthaler, 2020a). The term “handling” em-
phasizes the action-oriented and practical use of digital devices (Calvani et al., 2012). Therefore
handling of digital devices includes skills such as “basic computer operations, email, Internet,
word processing programmes and presentation programmes” from “technology proficiency”
(Mah & Ifenthaler, 2018, p. 122). But handling of digital devices does not involve programming
skills (Fraillon et al., 2013).

5.2.3 Information Literacy

Based on the concept of the future “knowledge worker” (Tenberg & Pittich, 2017), it is
important from a company trainer’s perspective to have a certain degree of Information Literacy
(IL) (Roll & Ifenthaler, 2020a). Information Literacy refers to accessing, analysing, evaluating
and adequately communicating information (Fraillon et al., 2013, 2014, 2019). In contrast to
media literacy, Information Literacy focuses on the procedural knowledge of managing infor-
mation from static texts rather than understanding accordingly edited information (Fraillon et
al., 2013, p. 17). Due to the large amount of information available, and to the fact that it can be
incorrect, it is increasingly challenging for an individual to evaluate the authenticity, reliability
and validity of information (Bundy, 2004). That is why using information responsibly and
safely is part of Information Literacy (Fraillon et al., 2019) and part of the multidisciplinary

digital competencies framework.

5.2.4 Application of Digital Security

In addition to Information Literacy, the application of digital security (DS) is usually a
main dimension of digital competencies frameworks (Carretero et al., 2017; Ferrari, 2013;
Vuorikari et al., 2016). Sommer (2015) identified the mishandling of data security issues as a
major problem in Industry 4.0, especially for small and medium-sized enterprises (SME). Cor-
porate instructors also added that this refers not just to the work, but also to the carefree private

presence on the Internet of young people (Roll & Ifenthaler, 2020a). It is becoming increasingly
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important to learn about application of digital security in school to develop adequate skills in
this competence dimension (Fraillon et al., 2019; Simandl et al., 2017; Simandl & Vanicek,
2017). As a result, employees and teachers should know how to apply digital security measures
(Simandl & Vani&ek, 2017). Application of digital security deals, for example, with the impact
of malware, the simple securing of digital devices and networks, creation of safe passwords,
identity theft, risks of digital communication (e.g. phishing emails), and sharing private and

work-related information (Stmandl et al., 2017).

5.2.5 Collaboration

The more devices are integrated in daily routine, the more popular virtual collaboration
(CL) with digital communication devices becomes (Carretero et al., 2017; Ferrari, 2013). Ade-
quate digital communication is often directly linked to the manner and rules of virtual collabo-
ration. Therefore collaboration implies skills in communicating via digital devices, exchanging
information and negotiating with mutual respect (van Laar et al., 2017). This affects the choice
of suitable communication tools for specific situations (private vs. work-related situations) and
an appropriate verbal diction towards achieving a common goal. Corporate instructors, inter-
viewed by Roll and Ifenthaler (2020a), claimed that vocational teachers should integrate virtual
communication habits in the classroom in order to develop their students’ multidisciplinary

digital competencies.

5.2.6 Solving Digital Problems

Interconnectivity through Industry 4.0 often helps in decision making processes through
“generating, collecting, and processing required information” (Abdel-Basset et al., 2019, p. 2).
However, with growing interconnectivity the complexity increases (Arnold et al., 2017). Com-
plex problem solving is described as crucial for the 21" century (Eseryel et al., 2011). The
corporate instructors added that it is certainly not a new requirement calling for better problem
solving skills, but in an increasingly networked world, such skills are of great importance (Roll
& Ifenthaler, 2020a). As a result, in order to be digitally competent teachers need skills in digital
problem solving (PS) within the digital and interconnected context (Grzybowska & Lupicka,
2017; Miiller et al., 2018). Therefore, structuring and planning a strategy to solve digital prob-
lems is required. In addition, it also requires Information Literacy skills, such as comparing,

evaluating and selecting information from the current problem (Grzybowska & Lupicka, 2017).
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5.2.7 Self-Reflecting on the Digital Environment

The digital environment is becoming increasingly complex due to Industry 4.0 and the
interconnection of CPS in private, work and educational situations (Arnold et al., 2017). It is
crucial to understand the consequences of ones’ own digital actions and to self-reflect about
one’s actions in the interconnected and digital environment (RF) (Roll & Ifenthaler, 2020a).
Reflection is systematic and ensures a continuity of learning (Lin et al., 2014). Therefore re-
flection within the interconnected and digital context of Industry 4.0 affects the individual atti-
tude towards digitization (Ferrari, 2012) and the development of multidisciplinary digital com-
petencies in general. Chen, Kinshuk, Wei and Liu (2011) argue that reflection skills are crucial
for gathering and evaluating new information. Following Dewey (1910), Rodgers (2002) inter-
prets reflection as a meaning-making process that encourages a deeper understanding of the
respective content and its consequences. As a result, RF includes the ability to reflect on one’s
own actions within an interconnected world. This includes actions in private situations, such as
sharing personal photos, but also affects the individual’s workplace. However, RF implies an

understanding of the consequences of the specific working steps within a supply chain network.

5.3 Research Questions and Hypotheses

The three aims of this study are (1) to validate the proposed structure of the multidiscipli-
nary digital competencies, (2) to examine the influence of attitude towards digitization on self-
and externally assessed multidisciplinary digital competencies, and (3) to validate the predic-
tion of the external and qualitative multidisciplinary digital competencies assessment through
the self-assessment of multidisciplinary digital competencies. The first research objective fo-
cuses on the proposed structure and related model fit of the multidisciplinary digital competen-
cies model of Roll and Ifenthaler (2020a). To develop students’ multidisciplinary digital com-
petencies, vocational teachers must also possess the corresponding multidisciplinary digital
competencies (Maderick et al., 2015). Therefore, the first research question aims to validate the
influences of variables shown in Figure 5.1. Accordingly, it is assumed that the theoretical
dimensional structure of multidisciplinary digital competencies can be confirmed in this study

(Hypothesis 5.1).

The second research objective focuses on the effect of attitude towards digitization on mul-
tidisciplinary digital competencies for pre-service vocational teachers (Petko, 2012). The liter-
ature indicated a significant relationship between attitude towards digitization and self-assessed
digital competencies (Bunz et al., 2007; Lee & Lee, 2014; Pamuk & Peker, 2009; Scherer et
al., 2017; Wu & Tsai, 2006). Yerdelen-Damar et al. (2017) found that pre-service teachers’
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attitudes towards the use of digital devices had a direct influence ( =.20) on their self-efficacy
beliefs in terms of the technological pedagogical content knowledge (TPACK-S). Other studies
have confirmed a relationship between attitude towards digitization and self-efficacy (Prior et
al., 2016), but focused less on the relationship between attitude towards digitization and actual
performance. In a study by Aesaert et al. (2015), the authors neglect the relationship between
these two variables. Bunz et al. (2007), meanwhile, found an influence of attitude on self-effi-
cacy, but no relationship between attitude and performance. While Aesaert et al. (2015) clearly
had younger participants in their study, the participants examined by Bunz et al. (2007) were
first-year university students. In the following, based on the advanced studies and experience
of the participants, the authors assume that the attitudes towards digitization also have an in-
fluence on multidisciplinary digital competencies. Accordingly, it is expected that attitude to-
wards digitization (AD) influences the self-assessed multidisciplinary digital competencies
(Hypothesis 5.2a) because attitude can be a predictor of self-assessed competencies (Yerdelen-
Damar et al., 2017). And since attitude toward digitization is a driver for the use of digital
media in education (Rubach & Lazarides, 2019), it is expected that attitude towards digitization
(AD) influences the external and qualitatively assessed multidisciplinary digital competencies
(Hypothesis 5.2b).

The third research objective focuses on how self-assessment may predict the score of the
external and qualitative assessment of multidisciplinary digital competencies. This would be
indicated by an effect of self-assessed multidisciplinary digital competencies (SAMDC) on the
achievement in QAMDC. The meta study by Multon, Brown, and Lent (1991) shows that self-
assessed competencies correlate with actual performance. In addition, Hatlevik, Ottestad and
Throndsen (2015) found that self-efficacy predicts actual digital competencies. Due to the cen-
tral assumptions of self-efficacy and performance, the third research question investigates the
prediction on the actual performance of multidisciplinary digital competencies, externally and
qualitatively assessed, through the self-assessment of multidisciplinary digital competencies
(Bandura, 1986; Pajares, 1996) of pre-service vocational teachers. If pedagogical content
knowledge positively influences the quality of teaching (Backfisch et al., 2020), then one can
expect that the self-assessed multidisciplinary digital competencies, as specific advanced tech-
nological knowledge of the TPACK model, influence the quality of the actually displayed mul-
tidisciplinary digital competencies. Hence, following the findings of Hatlevik, Ottestad and
Throndsen (2015), it is assumed that self-assessed digital multidisciplinary competencies
(SAMDC) can predict achievement in externally and qualitatively assessed multidisciplinary

digital competencies (QAMDC) positively (Hypothesis 5.3).
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5.4 Method

The following sections present the participants in the study, the two instruments, the survey

procedure, and the analysis strategy.

5.4.1 Participants

The participants of this study were N = 222 students of business and economic education
at a European university. Seventeen were deleted from the dataset because they rushed through
the online instruments. The critical threshold of minimum time needed to answer all questions
truthfully was set at 25 minutes before the study (M = 40.48; SD = 9.02). Participants were
between 18 and 35 years old (M = 22.78; SD =2.89; 64.9% female; 74.1% undergraduates). At
N =205, the rule of thumb for critical CN = 200 is just exceeded. Exceeding CN indicates that
its particular structure equation model could adequately reproduce an observed covariance
structure (Bagozzi & Yi, 2012; Hoelter, 1981; Kline, 2015). Of these 205 participants, 48
(23.49%) completed vocational training themselves prior to their studies to become vocational
teachers. While business and economics are the major subjects within their study programme,
the pre-service vocational teachers also have to choose a second subject to subsequently teach
in schools (see Table 5.1). They usually choose their second subject in the fifth semester of
their bachelor course, thus explaining why, at the time of this study, 58.5% had not yet chosen
a subject. Sixty-one students were in the second semester, three in their third, and fifty-six par-
ticipants stated that they were currently in the fourth semester and therefore had not had the

chance to choose a second subject.

Table 5.1

Minor subjects of participating pre-service vocational teachers

Social R Natural ~ Physical No subject
Science Linguistics I Sciences Education Other chosen yet
Fre- 35 31 6 6 5 2 120
quency
Percent- 17 15 03 03 02 01 59

age
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5.4.2 Instruments and Procedure

In order to measure the declarative and procedural knowledge of the competence dimen-
sions, measuring instruments were developed to measure the respective constructs through self-
assessment as well as through scaling of responses to scenario-based tasks (Blomeke et al.,
2015). The participants were invited to a computer room, where they received instructions via
a presentation and a link to a website, which led to the two instruments — first a self-assessment
questionnaire, and then a survey with open questions. Figure 5.2 shows the second order meas-
urement model including the two instruments SAMDC and QAMDC and how the dimensions

of multidisciplinary digital competencies influence them.

Figure 5.2

Measurement model of self- and externally and qualitatively assessed multidisciplinary digital

competencies

Cas ) (oo
QAMDC
Com <
Ca D T (s )

5.4.3  Self-Assessed Multidisciplinary Digital Competencies

SAMDOC is an instrument for measuring the self-efficacy of the several dimensions of mul-
tidisciplinary digital competencies. Therefore, it contains seven latent variables, which are pre-
sented in Table 5.2. Each of these consists of four items, which were measured through self-
assessed five-point Likert scales. Within SAMDC the participants had the options “strongly
agree”, “agree”, “neutral”, “disagree” or “strongly disagree” with regard to the given state-
ments. The reliability and the descriptive statistics are shown in Table 5.2. Cronbach’s alpha
indicates that the internal consistency is acceptable (o0 > .7) for all dimensions used within the
model except self-reflection (Bagozzi & Y1, 2012), Cronbach’s alpha of RF was not improved

by removing any items. However, because SAMDC measures the individual’s own judgement

on its multidisciplinary digital competencies, the construction of the latent variable SAMDC
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made the integration of self-reflection obsolete, because SAMDC already reflects the judgment
as a self-efficacy variable (Bandura, 1986). This follows Roll and Ifenthaler's (2020b) explora-
tory study, in which vocational teachers ranked self-reflection as less important than the other
multidisciplinary digital competencies. The self-assessed constructs are marked in the follow-
ing with an “S” in front of the actual construct abbreviation (for example, the self-assessment

for the competence dimension handling of digital devices (HD) is called SHD).

Table 5.2

Summary of self-assessed scales

ltems Min Max M  SD Skew- Kurto- ¢
ness S1S
AD 4 233 5 400 71 79  -58 -21 05 205
SHD 4 1 5 204 8 71 8 45 06 205
SIL 4 175 5 395 77 79  -54 -2 05 205
SDS 4 1 5 28 92 8 02 -51 .06 205
SCL 4 125 5 374 77 80  -49 -04 05 205
SPS 4 14 47 353 74 71 -43 14 04 205

RF 4 2 5 3.76 .62 .61 -.57 .63 .05 205

Note: Min = Minimum; Max = Maximum; M = Mean; SD = Standard Deviation; a. = Cronbach’s alpha; SE = standard errors;
N = Number of participants; AD = Attitude towards digitization; SHD = Self-assessed handling of digital devices; SIL = Self-
assessed Information Literacy; SDS = Self-assessed application of digital security; SCL = Self-assessed collaboration; SPS =
Self-assessed solving of digital problems; RF = Reflecting on interconnected and digital environment.

5.4.4  Externally and Qualitatively Assessed Multidisciplinary Digital Competencies

The dimensions of multidisciplinary digital competencies were rated through qualified and
trained researchers following criteria of qualitative content analyses. Attitude towards digitiza-
tion and RF were not integrated into external and qualitative assessment of multidisciplinary
digital competencies, because self-assessment seemed to be an adequate method of evaluating
these two dimensions (Grant et al., 2002; Richter et al., 2000). QAMDC is designed as a fictive
general work scenario. Within this problem setting, participants are asked to imagine that they
work in a small to medium sized enterprise in the production sector, which is financially limited
but it is under pressure to digitize processes. The participants are employees for the administra-
tion and have several tasks to deal with, such as procurement, human resources and marketing.
Their supervisor has asked for a presentation about “Industry 4.0 and opportunities” for the
firm. This scenario was divided into several questions and tasks, which were adapted from van
Deursen and Van Dijk (2010) and created on the base of the particular examples of the
DigComp 2.1 framework by Carretero, Vuorikari and Punie (2017):
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- QHD - including what basic and advanced software would be helpful to solve the spe-

cific tasks (QBasc and QAdvc),

- QIL — explaining the strategy of searching for, structuring (Qlorg) and evaluating in-

formation from the internet (Qleva),

- QDS — questioning how to handle upcoming security threats within the scenario

(QShnd),

- QCL - questioning how you would collaborate via digital devices with

a.) your new supervisor and

b.) and old friend of yours, in terms of communication tools and rules (QCL)

- QPS - explaining how to deal with upcoming routine/well-structured problems, such as

a sudden dysfunctional Internet connection (QProu), and writing down strategies for

solving further complex ill-structured problem settings (QPcrt) (Seel et al., 2009).

QAMDC is based on a qualitative research approach, where participants had to answer

open-ended survey questions (Hsieh & Shannon, 2005) that were directly related to the given

scenario. Responses to these questions were clustered by three qualified raters into a five-point

Likert scale. The criteria to assess the responses were pre-tested and defined within a workshop.

The constructs evaluated in this way are marked in the following with a “Q” before the actual

construct abbreviation (for example, the self-assessment for the competence handling of digital

devices (HD) is called QHD). Table 5.3 shows the interrater reliability and a summary of the

assessed tasks. The interrater reliability, calculated via the Intraclass correlation (ICC3,1),

demonstrated the two-way mixed consistency (Shrout & Fleiss, 1979) of the three raters. There-

fore, the scores in QAMDC can be compared with the self-assessed scores of the latent variables

in SAMDC.
Table 5.3

Intraclass correlation (ICC3.1) and summary of externally and qualitatively assessed compe-

tence dimensions

Lower

Upper

Construct Raters  ICC F p bound bound N
QBasc 3 .80 13 .000 76 .84 3.57 205
QHD
QAdvc 3 .84 17 .000 .81 .87 3.23 205
Qlorg 3 .69 7.8 .000 .63 75 3.20 205
QIL
Qleva 3 77 11 .000 72 .81 3.58 205
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QDS QDS 3 84 17 .000 .81 87 329 205
QCL  QCL 3 77 11 000 .73 82 338 205
QProu 3 65 65  .000 .58 71 312 205
QPS
QPert 3 85 18 .000 .82 88  3.10 205

Note. ICC = Intraclass correlation coefficient; F = F-Test; p = probability; M = Mean, N = Number of participants; QHD =
Externally and qualitatively assessed handling of digital devices; QBasc = Externally and qualitatively assessed basic han-
dling of digital devices; QAdvc = Externally and qualitatively assessed advanced handling of digital devices; QIL = Exter-
nally and qualitatively assessed External and qualitative-assessed Information Literacy; Qlorg = Externally and qualitatively
assessed organization of information; Qleva = Externally and qualitatively assessed evaluation of information; QDS = Exter-
nally and qualitatively assessed application of digital security; QCL = Externally and qualitatively assessed collaboration;
QPS = Externally and qualitatively assessed solving of digital problems; QProu = Externally and qualitatively assessed solv-
ing routine problems; QPcrt = Externally and qualitatively assessed solving of problems creatively.

5.4.5 Analytic Strategy

To validate hypothesis 5.1, structural equation modelling (SEM) was used to evaluate the
relations of the dimensions in SAMDC and QAMDC. SEM can test direct effects between con-
structs. This was used to validate Hypothesis 5.2a and Hypothesis 5.2b, because the applied
SEM also contains the regression analysis for the influence of attitude towards digitization on
SAMDC and QAMDC. The measurement model integrates the internal consistency within the
dimensions of SAMDC and the assessments of the three qualified raters of QAMDC. By inte-
grating all covariations and influences of the relevant dimensions, the SEM used shows the
direct effect of SAMDC on QAMDC (Hypothesis 5.3). Due to the lack of normal distribution
(Table 5.2), for the final SEM (with SAMDC and QAMDC) the robust maximum likelihood
estimator (MLR) was used and adjusted through the Yuan-Bentler correction. Due to the set-
tings of the applied self-programmed online survey tools, participants could not finish SAMDC
and QAMDOC if boxes had been left blank. Therefore, there was no missing data to deal with.
To analyse the model of Figure 5.2, the statistics software R (version 3.6.1), R-Studio (version
1.1.463) and the R-package lavaan (version 0.6-7) were used (Rosseel, 2019; Steinmetz, 2015).

5.5 Results

Dependent t-tests showed that there were no significant differences between participants
with and without prior vocational training on self-assessed multidisciplinary digital competen-
cies, #(203) =-2.70, p > .05 and externally and qualitatively assessed multidisciplinary digital
competencies #(203) =-2.43, p > .05.
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5.5.1 Confirmation of the Dimensional Structure

An adequate model fit is essential to confirm that the model properly represents the data
(Hooper et al., 2008). The SEM of Figure 5.2 shows a fit of y2 (846, N =205) = 1105.378, p =
.000, Comparative Fit Index (CFI) =.938, Tucker Lewis Index (TLI) =.934, Root Mean Square
Error of Approximation (RMSEA) = .039 and Standardized Root Mean Square Residual
(SRMR) =.071. According to Bagozzi and Yi (2012), one can reduce the stringent cut off rules
that CFI and TLI are >.95 to CFI > .93 and TLI > .92 if SRMR < .07. Considering the unsatis-
factory internal consistency of RF (see Table 5.2) and the fact that SAMDC measures the indi-
vidual’s judgment of their multidisciplinary digital competencies (Bandura, 1986), it was de-
cided to modify the model and not integrate RF (Grant et al., 2002) any further. Overall, the
structural equation model now shows a good fit of % (689, N = 205) = 863.001, p <.001, CFI
=956, TLI = .952, RMSEA = .035, SRMR = .068. To examine the relations within the model
in Figure 5.3, Table 5.4 shows the path estimates of the structural model. Hypothesis 5.1 is
accepted because the significant path estimates and the fit indices confirm the theoretical di-

mensional structure of multidisciplinary digital competencies.
Figure 5.3

Structural model and influence of attitude towards digitization on the dimensional structure of
self- and externally and qualitatively assessed multidisciplinary digital competencies (p < .01)
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Table 5.4

Path estimates of the structural model

Estimates SE z-value p
AD - SAMDC 501 134 3.738 .000
SHD  -SAMDC .682 161 4.235 .000
SDS - SAMDC 797 226 3.529 .000
SCL - SAMDC 783 185 4.228 .000
SPS - SAMDC 418 A17 3.578 .000
AD - QAMDC 241 177 1.361 174
QHD -QAMDC 299 115 1.758 .079
QIL - QAMDC 220 125 2.595 .009
QDS - QAMDC 499 143 3.487 .000
QCL - QAMDC 345 131 2.641 .008
QPS - QAMDC 196 .105 1.860 .063
SAMDC - QAMDC 553 226 2.442 015

Note.; AD = Attitude towards digitization ; SHD = Self-assessed handling of digital devices; SIL = Self-assessed Information
Literacy; SDS = Self-assessed application of digital security; SCL = Self-assessed collaboration; SPS = Self-assessed solving
of digital problems; QHD = Externally and qualitatively assessed handling of digital devices; QIL = Externally and qualitatively
assessed Information Literacy; QDS = Externally and qualitatively assessed application of digital security; QCL = Externally
and qualitatively assessed collaboration; QPS = Externally and qualitatively assessed solving of digital problems; SAMDC =
Self-assessed multidisciplinary digital competencies; QAMDC = Externally and qualitatively assessed multidisciplinary digital
competencies.

5.5.2  Effects of Attitude towards Digitization on Self- and Externally and Qualita-
tively Assessed Multidisciplinary Digital Competencies

Hypothesis 5.2a explores the relationship between pre-service vocational teachers’ atti-
tudes towards digitization and their self-assessed of multidisciplinary digital competencies,
which was analysed through structural equation modelling. Figure 5.3 shows a medium stand-
ard regression weight of attitude towards digitization to SAMDC and Table 5.4 confirms its
significance at a more conservative level (f = .5, p <.000). Therefore, hypothesis 5.2a is ac-
cepted.

Hypothesis 5.2b investigates the effects of pre-service vocational teachers’ attitudes to-
wards digitization and their achievement in QAMDC, which was also analysed using structural
equation modelling. Figure 5.3 and Table 5.4 present a small but not significant standardized
regression weight of attitude towards digitization towards QAMDC (B = .24, p = .174). Hy-

pothesis 5.2b is rejected because of its level of significance of p > .05.

5.5.3 Prediction of External and Qualitative Assessment of Multidisciplinary Digital

Competencies through Self-Assessment

Hypothesis 5.3 examines whether the self-assessed digital multidisciplinary competencies
(SAMDC) can positively predict achievement in externally and qualitatively assessed multidis-

ciplinary digital competencies (QAMDC). As can be seen in Figure 5.3 and Table 5.4, SAMDC
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significantly predicts the achievement in QAMDC (B = .55, p = .015). Therefore, Hypothesis

5.3 is accepted because p < .05.

Table 5.5

Summary of correlation between the constructs

O @ & @ 6 6 O & O a4 dn dz2 d3) d4

AD
(1)
SHD
Bgre
2)
SIL
0 1 -
(3)
SDS
21%% pgwis ogERx
4)
SCL pgwar 3w 3wer 35mer
(5)
(S6P)S B5EHE 30wkx gk 34Rek 4R
RF kksk kksk kksk kksk kksk kksk
o 25EHE D5%ER ARk A1REE 3qws Sqees
%{D 24m%E 3wEx (3 Q@EeE QgEE DEwks [g%E
gI)L 14% 15 200 07 13 20%F 24k 1] -
8]3)5 19% 10 27 Q7ReR 12 )%k 5%kx D5k |2
8% 11 .02 -03 .05 -05 -05 .05 -10 -0l .12 -
83? A3 23 12 07 02 I8%F 10 L15%  30%F 228 07 -
(SSI)V[DC ORI G3HIE SRR GREK GTRRK JARRK SRRk 3Rk xRk DR%kk () 4wk
812;\/IDC DE¥EE 32EEE D(RE 34EEr QEEeE 3THREX 30kE STRRE Gwkx S)kwk [5%  SgkE qghek
M 400 204 395 280 374 353 376 337 339 329 338 3.00 335 3.30
SD 071 085 077 092 077 074 062 089 072 119 087 078 048 045

Note.; ***p <.001; **p <.01; *p <.05; AD = Attitude towards digitization ; SHD = Self-assessed handling of digital devices;
SIL = Self-assessed Information Literacy; SDS = Self-assessed application of digital security; SCL = Self-assessed collabora-
tion; SPS = Self-assessed solving of digital problems; QHD = Externally and qualitatively assessed handling of digital devices;
QIL = Externally and qualitatively assessed External and qualitative-assessed Information Literacy; QDS = Externally and
qualitatively assessed application of digital security; QCL = Externally and qualitatively assessed collaboration; QPS = Ex-
ternally and qualitatively assessed solving of digital problems; SAMDC = Self-assessed multidisciplinary digital competen-
cies; QAMDC = Externally and qualitatively assessed Multidisciplinary Digital Competencies; M = Mean, SD = Standard
deviation.

When exploring dependencies in a structural equation model one has to be aware of the adverse
effects of multicollinearity (Mansfield & Helms, 1982). To test the model on multicollinearity
the variance inflation factors (VIF) of each predicting variable were calculated (Mansfield &
Helms, 1982). A maximum of 1.53 of the VIFs meet the — surely debatable (O’Brien, 2007;
Thompson et al., 2017) — rule of thumb that they must be less than 4 (O’Brien, 2007).
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5.6 Discussion

Based on the fact that no significant differences regarding SAMDC and QAMDC were
found between pre-service vocational teachers with and without vocational training, it can be
assumed that the following results might also be interesting for the implementation of multidis-
ciplinary digital competencies in the dual vocational education and training system.

To explore the misfit of SEM, fit indices are essential, and the results show that all fit
indices support the primary hypothesis, whether the model can be validated or not (Cheung &
Rensvold, 2002; Marsh et al., 2005). The decision about whether the SEM fits is based on four
widely known fit indices, which provide an insight in the model’s ability to reproduce an input
covariance matrix (Bagozzi & Yi, 2012; Hooper et al., 2008; Taasoobshirazi & Wang, 2016).
This study is based on the usual “goodness of fit” indices (GFIs), namely the Confirmatory Fit
Index (CFI) and the Tucker-Lewis Index (TLI) (Hooper et al., 2008; Hoyle & Panter, 1995;
Taasoobshirazi & Wang, 2016). Applying clear cut-off criteria, CFI and TLI should be > .95
(Hu & Bentler, 1998; Rigdon, 1996). These severe values (Bagozzi & Yi, 2012) were achieved
after excluding RF from the SEM. Absolute fit indices gauge a “badness of fit” (BFI), which
means that a value of zero would indicate an optimal fit (Hoyle & Panter, 1995). An absolute
fit index is the Root Mean Square Error of Approximation (RMSEA), which depends on N.
Considering N = 205 in this study, the RMSEA should be less than .06 (Hu & Bentler, 1998;
1999). Another absolute fit index is the Standardized Root Mean Square Residual (SRMR)
(Taasoobshirazi & Wang, 2016), which should not be higher than .08 (Hooper et al., 2008; Hu
& Bentler, 1998; 1999). By excluding RF, the absolute fit indices met these cut off criteria and
the model fit became acceptable. Due to the good fit of the model there was no need to apply
modification indices and change the model any further (MacCallum et al., 1992).

The estimates in Table 5.4 that relate to QAMDC are less strong than those that are asso-
ciated with SAMDC, but the relative path estimates are similar. The estimates of the used latent
variables to QAMDC are small to medium and not as highly significant as the self-assessed
latent variables. The standardized path coefficients between SAMDC to SDS and SCL are quite
high in Figure 5.3. The dimension application of digital security with SDS and QDS has the
greatest impact on SAMDC or QAMDC. SCL and QCL have the second largest estimates. The
constructs for handling of digital devices are in third position and Information Literacy in
fourth. The externally and qualitatively measured variable of Information Literacy (QIL) has a
weak estimate on QAMDC, while SIL has a medium path estimate on SAMDC. Solving of

digital problems seems to have the weakest bound to multidisciplinary digital competencies. In
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conclusion, the model shows an acceptable fit and Table 5.4 provides mostly significant path
coefficients.

The second hypothesis examined the influence of the attitude towards digitization on the
participants’ multidisciplinary digital competencies. The results show that the attitude towards
digitization influences the self-assessed multidisciplinary digital competencies of pre-service
vocational teachers. This significance confirms the finding of Yerdelen-Damar et al. (2017) that
pre-service teachers’ attitudes towards technology use had an effect on their technological com-
petence. The hypothesized assumption (Hypothesis 5.2b) that the attitude towards digitization
would also directly influence the external and qualitative assessment of pre-service vocational
teachers’ multidisciplinary digital competencies was not verified by this study. However, this
supports the findings of Aesaert et al. (2015), who found no relationship “between pupils’ ICT
attitudes and their actual ICT competence” (Aesaert et al., 2015, p. 67). Whether ICT is imple-
mented in teaching seems to depend on the general mindset of teachers (Hermans et al., 2008;
Tearle, 2003). The findings confirm the conclusion of Bunz et al. (2007) that there is a direct
relationship not between computer anxiety and actual computer-email-web-fluency, but be-
tween attitudes and self-perception of the participants. As the data shows, SAMDC could be a
good and significant predictor for actual QAMDC. In other words, this study confirms that I[CT
self-efficacy correlates positively with the achievement in ICT competence tests (Fraillon et al.,
2014; Hatlevik et al., 2015). Table 5.5 shows the latent correlation between the constructs of
Figure 5.2. The instruments significantly correlate at an almost medium level and positively
with each other (= .48, p <.0001), which is a significant and higher correlation than Thme and
Senkbeil found in 2017 (» =.22, p <.01). This is not surprising because, according to Hargittai
and Hinnant (2008), digital competencies usually increase with the level of education, and while
Ihme and Senkbeil (2017) focused on adolescents, the present study focuses exclusively on pre-
service teachers in their bachelor’s or master’s programme. Table 5.5 shows the latent correla-
tions of the corresponding (self-assessed and externally assessed) competence dimensions of
the multidisciplinary digital competencies. While the dimensions handling of digital devices,
Information Literacy, and application of digital security show weak but significant correlations,
no significant correlation between QCL and SCL was found for collaboration. A minimal cor-
relation was found within the dimension problem solving. This is not surprising, because even
though the latent constructs aimed at the same content, they measure different realities, since

the open questions in QAMDC were designed specifically for a fictive scenario.
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5.6.1 Limitations

Studies which aim to measure digital skills are often limited in their definitions, small sam-
ple sizes or methods of data collection (van Deursen & van Dijk, 2009). Firstly, the sample was
limited to pre-service vocational teachers, who studied business and economic education. Con-
sequently, the findings should not be generalized, although the sample size was adequate for
applying SEM. Secondly, the self-assessments of pre-service vocational teachers should be
treated with caution (Aesaert et al., 2017; Ihme & Senkbeil, 2017). For this reason, the exter-
nally and qualitatively evaluated statements were added as QAMDC. An explanation for the
weak to medium path coefficients could be the invalid evaluation of the three raters. However,
Table 5.3 shows an acceptable interrater reliability. Therefore, the low performance of the
QAMDC model does not result in multicollinearity or falsifying the items through different

ratings of the open-ended questions.

5.6.2 Implications and Future Research

Based on the explorative studies of Roll and Ifenthaler (2020b, 2020a) on multidisciplinary
digital competencies, this study can be seen as a specific conceptual addition to the TK dimen-
sion of the TPACK model (Koehler et al., 2014) in the multidisciplinary context of the dual
vocational education and training system, because the origin of the multidisciplinary digital
competencies dimensions focused on technical vocational students as a target group. As men-
tioned at the beginning of this paper, teachers should also have these digital competencies in
order to be prepared for teaching in Industry 4.0. The results validate the conception of the
named dimensions in multidisciplinary digital competencies, with the exception of the construct
of reflecting on interconnected and digital environments. The path estimates of SAMDC and
QAMDOC are slightly different, but this can give pedagogically worthwhile insights into the
dimensions that most influence the multidisciplinary digital competencies of pre-service voca-
tional teachers. This could help to foster specific competence development of pre-service vo-
cational teachers within their curricula (Ertmer, 2005; Mishra & Koehler, 2006). In addition to
the education of vocational teachers, the curricula of further education of in-service vocational
teachers could also benefit from such studies by specifically focusing on the development of
such multidisciplinary digital competencies in training units (Seufert et al., 2018).

Furthermore, the findings indicate that attitude towards digitization has a large effect on
the multidisciplinary digital competencies of pre-service vocational teachers (Ifenthaler &
Schweinbenz, 2013). To integrate digital devices in the classroom, vocational teachers’ self-
efficacy in this context should be improved during their pre-service training. Looking at the low

self-assessment in SHD and comparing it with the higher values in QHD or QAMDC, one
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notices that most students underestimate their handling of digital devices (Aesaert et al., 2017;
Bunz et al., 2007; Dunning et al., 2003). Therefore, digital devices should be increasingly inte-
grated into the training of pre-service vocational teachers to avoid an underestimation and boost
their self-efficacy in handling digital devices (Brevik et al., 2019). In particular, a systematic
integration of multidisciplinary and digital competencies into the curriculum of vocational
teacher education would be of great benefit (Tenberg, 2016, 2020).

In the following studies, a critical reflection on the fictitious scenario and the wording of
the tasks is required. Even if measuring digital skills via self-assessment is a resource-saving
method, it does not provide accurate evidence of digital competence (van Deursen & Van Dijk,
2010). The aim of this study was to test if the approach of a formative external and qualitative
assessment of open-ended questions could be a resource-saving alternative to modelling com-
plex scenarios via programming specific dashboards (Rausch, 2017). Certainly, this is not valid
if you want to use it as high-stakes testing. Self-assessment is not really suitable here. The
partial convergence of the results with the existing research literature at least indicates that the
applied approach is suitable, even if the instrument still needs to be optimized and tested on a
larger sample size. This study provides an overview of the general structure of multidisciplinary
digital competencies; however, a further investigation of each dimension would be desirable.
Furthermore, it would be of interest to apply QAMDC to validate the multidisciplinary digital

competencies of technical vocational students, exploring their readiness for Industry 4.0.
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6. Learning Factories 4.0 in Technical Vocational Schools — Can They Fos-

ter Competence Development?

This chapter describes the fourth study of this thesis. It deals with how different levels of
Learning Factory 4.0 integration can support the development of competencies. In order to un-
derstand this, following an introduction the theoretical background is explained, before the

method is presented and the results are discussed.

6.1 Introduction

Industry 4.0 is the vision of a horizontally and vertically interconnected digitization of en-
tire industrial value chains (Stecken et al., 2019; Veile et al., 2019). This is based on the real-
time data exchange between customers, employees, objects and production via cyber-physical
systems (Lee, Bagheri, & Kao, 2015). Current studies focusing on Industry 4.0 indicate that it
will induce changes in occupational structures and work activities as well as additional require-
ments for employees (Grof3 et al., 2017; Liboni et al., 2019). These changes also affect the dual
vocational and education training system in Germany. It is necessary to prepare technical vo-
cational students with the competencies needed to cope with the challenges of Industry 4.0
(Gebhardt et al., 2015; Pfeiffer, 2015). Especially students in technical vocational education
and training will be confronted by the future requirements and impacts on their work (Gebhardt
etal., 2015).

To qualify technical vocational students as future skilled workers in authentic and inter-
connected working environments, technical vocational schools installed so called Learning Fac-
tories 4.0. Learning Factories 4.0 simulate an Industry 4.0 production line as part of a learning
environment (Scheid, 2018). Initial research indicates that such interconnected model-like
smart factories can foster competence development among students (Bauernhansl et al., 2018;
Hummel et al., 2015). In addition, research suggests that Learning Factories 4.0 can help to
develop not only technical, but other Industry 4.0-relevant competencies like Information Lit-
eracy, problem solving, or collaboration (Balve & Ebert, 2019; Tisch et al., 2013). However,
current studies largely focus on learners at the university level (Abele et al., 2015; Balve &
Ebert, 2019; Belinski et al., 2020; Enke et al., 2018; Liebrecht et al., 2017; Miiller-Frommeyer
et al., 2017). Studies about the impact of Learning Factories 4.0 in the context of technical
vocational educational training are scarce (Roll & Ifenthaler, 2020b; Scheid, 2018). Therefore,
this study aims to investigate competence development through Learning Factories 4.0 at tech-

nical vocational schools.
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6.2 Theoretical Background

It is indispensable for technical vocational students to develop the competencies needed to
work and participate in Industry 4.0. Such competencies include the handling of digital devices
and software, adequate Information Literacy, the application of digital security, the ability to
collaborate digitally, and the ability to solve digital problems (Roll & Ifenthaler, 2020b). Learn-

ing Factories 4.0 could support the development of these competencies.

6.2.1 Learning Factories 4.0

Abele (2016) defines a Learning Factory 4.0 on behalf of the International Academy for
Production Engineering as a learning environment including four distinguishing characteristics:

- processes that are authentic, include multiple stations, and comprise technical as well as

organizational aspects

- asetting that is changeable and resembles a real value chain

- aphysical product being manufactured

- adidactical concept that comprises formal, informal and non-formal learning, enabled

by the actions of the trainees in an on-site learning approach (Abele, 2016, p. 1).

The interconnection of a Learning Factory 4.0, which is the fundamental idea of Industry
4.0, is based on cyber-physical production systems (CPPS). CPPS “are collaborating computa-
tional entities which are in intensive connection with the surrounding physical world and its on-
going processes, providing and using, at the same time, data-accessing and data-processing ser-
vices available on the internet” (Monostori, 2014, p. 9) and enable an entire Industry 4.0 pro-
duction line. Because a fitting instructional design is crucial for competence development
within Learning Factories 4.0 (Tisch et al., 2013), most didactical concepts of Learning Facto-
ries 4.0 in technical vocational schools are not only based on learning with CPPS, but also have
several separate, specific modular basic components in a foundation laboratory. As a conse-
quence of these concepts, the separated modules of the foundation laboratories are more often
integrated into daily teaching than the complex CPPS (Scheid, 2018). Due to the complexity of
CPPS, students can develop a necessary understanding of the consequences of such intercon-
nected processes (Abele et al., 2015; Scheid, 2018; Tisch & Metternich, 2017). The separate
modules in the foundation laboratory are similar or equivalent to the components of the CPPS,
but here they stand on their own. But as they are sometimes moveable, they can be put together
to simulate the product transfer from one module to another. However, the foundation labora-
tory and the CPPS are equipped with the newest technology (Scheid 2017, 2018). This allows

technical vocational students to learn basic technical content with modern technology that is
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not physically linked to other production components. These modules are intended to prepare
learners for the complex tasks and problems at the holistic CPPS of the Learning Factories 4.0
(Scheid, 2018). Efficient competence acquisition and development connects streams of self-
directed, game-based, action-based and hands-on learning (Belinski et al., 2020; Hummel et al.,
2015), basing on ideas of the constructive alignment approach (Biggs, 1996). At universities
these approaches are often integrated in Learning Factories 4.0 through project-based learning,
which is organizationally difficult to implement at technical vocational schools due to organi-
zational challenges (Scheid, 2018). And even in higher education it remains a challenge to de-
velop and implement adequate didactical-methodological approaches in Learning Factories 4.0
in order to develop competencies (Pittich et al., 2020).

In any case, the literature indicates professional and methodological competence develop-
ment through Learning Factories 4.0 in higher education (Kreimeier et al., 2014; Miiller-
Frommeyer et al., 2017). There, action-based learning seems to have positive effects on subject-
related competence development, improves the transfer of knowledge and motivates learners,
because of the realistic workplace scenario (Lanza et al., 2016; Nickolaus, 2019). These high-
tech learning environments are particularly well-suited for developing problem solving skills
(Abele et al., 2019). These considerations on competence development should be partially
transferable from the tertiary education sector to technical vocational schools (Scheid, 2018).
To summarize, Learning Factories 4.0 can still be seen as “laboratories for developing methods

of competence development for specific value adding systems” (GroB et al., 2017, p. 297).

6.2.2 Competence Development through Learning Factories 4.0

Industry 4.0 may bring changes in occupational learning culture (Belinski et al., 2020;
Ifenthaler, 2018). In order to develop appropriate competencies, teachers should intentionally
address these in their instructional designs for lessons with Learning Factories 4.0 (Lanza et al.,
2016; Liebrecht et al., 2017). Industrial processes are becoming more complex due to real-time
interconnectivity, which means an overlap of several field of operations within a value added
network to finalize a product (Gebhardt et al., 2015). Different fields of operations have to deal
with each other and employees have to understand content from other disciplines to create syn-
ergies between the specific departments within and outside the enterprise (Gebhardt et al., 2015;
Liboni et al., 2019). This melting of several fields of operations is also relevant for technical
vocational students (Scheid, 2018). As Learning Factories 4.0 are didactic simulations of smart
factories, they should help learners to develop the needed competencies (Abele et al., 2017;

Hummel et al., 2015). Developing technical vocational students’ competencies, either related
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to the professional and technical disciplines or to the digital competencies which are necessary
for several disciplines, is the aim of the Learning Factories 4.0 (Scheid, 2018). But first of all
Learning Factories 4.0 should enable students to work with its technology, which is usually the
state of the art in 2020 (Tisch et al. 2013).

The Learning Factories 4.0 in technical vocational schools are usually designed to foster
those subject-related technical competencies (STC) in all relevant modern production technol-
ogies like automation technology, electrical engineering, mechatronics and so on (Scheid,
2018). But technical competencies are not sufficient for preparing technical vocational students
for Industry 4.0 (Lanza et al., 2016). According to Gebhardt et al. (2015), in order to solve
occupational tasks, which demand knowledge and skills in more than just one discipline, tech-
nical vocational schools need to integrate several other competencies that are related to general
digitization rather than specifically subject-related. The literature provides many suggestions
for non-subject related multidisciplinary digital competencies which university students should
properly develop for Industry 4.0 with Learning Factories 4.0 (Bauernhansl et al., 2018; Enke
et al., 2018; Pittich et al., 2020; Tisch et al., 2016). Unfortunately, similar studies for the tech-
nical vocational educational training are scarce. Scheid (2018) mentions several competencies
relating to technical vocational educational training based on relevant studies in higher educa-
tion. But he also emphasizes the difficulty of comparing the high level of university students to
the much more basic competence level of technical vocational students.

This research gap was minimized through a recently conducted qualitative interview study
(Roll & Ifenthaler, 2020a). In that study, interviews were conducted with the responsible cor-
porate instructors of several companies to investigate the question of which non-subject-related
competencies technical vocational students should possess to be prepared for Industry 4.0.
Based on the work of Abele et al. (2015), Hummel et al., (2015) and Tisch et al. (2016), semi-
structured interview guidelines were created. These were supplemented by the literature review
of llomiki et al. (2016), the competence dimensions of the DigComp 2.0 project by Carretero
etal. (2017) and Vuorikari et al. (2016) and the concept of Information Literacy (Fraillon et al.,
2014). The result of this exploratory study is a set of multidisciplinary digital competencies:

- The attitude towards digitization (AD), which involves the motivational, volitional and
social willingness to act (Weinert, 2001) within the digital, technical and vocational
context (Abele et al., 2017).

- The handling of digital devices (HD) as well as software in general. This emphasizes
the action-orientated knowledge of the efficiency of devices (Johnson et al., 2006;

Selwyn & Husen, 2010).
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- The correct usage of copyright (CU) issues (Fraillon et al., 2019) as part of

- Information Literacy (IL), which includes gathering, processing and evaluating online
information (Fraillon et al., 2014).

- Careful application of digital security (DS) standards is a major topic for corporate in-
structors within an interconnected world. Application of digital security involves ade-
quate and cautious behaviour to comply with (corporate) digital security standards
(Carretero et al., 2017; Simandl et al., 2017).

- An appropriate virtual collaboration (CL), which basically includes common rules to
follow when exchanging information or negotiating via digital devices (Carretero et al.,
2017; van Laar et al., 2017) when working with experts from others fields, as well as in
the student’s private life.

- Solving problems within the context of interconnectivity is crucial. Therefore problem
solving (PS) contains the skills, expertise and choice of suited methods to solve prob-
lems in a structured manner (Abele et al., 2015).

- The self-reflection (RF) on one’s own digital actions within an interconnected world
ensures the continuity of learning (Lin et al., 2014), which is not only about conse-
quences at work, but about gaining a deeper understanding of the content and its conse-
quences (Dewey, 1910; Rodgers, 2002) in private life, too.

These multidisciplinary digital competencies should be understood as action-oriented com-
petence dimensions, which are not just work related but would fit in every young person’s
mindset of everyday life (Roll & Ifenthaler, 2020a). For this reason, multidisciplinary digital
competencies are defined as a combination of willingness, abilities and individual skills that
enable the individual to act adequately and socially responsibly in the digital context of profes-

sional, social and private situations (Roll & Ifenthaler, 2020a, p. 193).

6.2.3  Research Questions and Hypotheses

This study aims to validate the development of subject-related technical competencies
within a discipline and non-subject-related, multidisciplinary digital competencies through
Learning Factories 4.0. Previous research indicates that the integration of Learning Factories
4.0 in vocational learning environments may support the competence development of technical
vocational students (Lanza et al., 2016; Liebrecht et al., 2017; Tisch et al., 2016). For example,
in a pre-posttest design, Aymans et al. (2018) found a significant development of self-assessed
computer-related competencies in a group which was learning with a Learning Factory 4.0.

Hence, the first research objective of this study focuses on this development of multidisciplinary
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digital competencies supported through Learning Factories 4.0 (Roll & Ifenthaler, 2020b;
Scheid, 2018). Accordingly, it is assumed that the higher the level of interaction (LOI) of tech-
nical vocational students with a Learning Factory 4.0, the higher the level of their multidisci-
plinary digital competencies (MDC) will develop over time (Hypothesis 6.1).

Reining et al. (2019) have stated that students who learned with a Learning Factory 4.0
discussed professional competencies significantly more than a control group. This control
group learned the respective content through a normal seminar and without working with the
Learning Factory 4.0. Hence, the second research objective emphasizes the development of
subject-related technical competencies supported by Learning Factories 4.0 (Abele et al., 2015;
Hummel et al., 2015; Scheid, 2018). It is expected that the higher the level of interaction (LOI)
of technical vocational students with a Learning Factory 4.0, the higher their level of subject-

related technical competencies (STC) will develop over time (Hypothesis 6.2).

6.3 Method

In the following sections, the participants of the study are briefly described, before the

survey instruments are presented and the procedure is discussed in more detail.

6.3.1 Participants

Technical vocational schools were asked to join this study to explore the research objec-
tives. The Ministry of Education, Youth and Sports in Baden-Wuerttemberg, Germany, helped
with the acquisition by providing incentives for participating schools. Conditions for receiving
incentives included providing the researchers access to classes of electrician vocational students
in their second year of training with a typical performance level. The topic of the examined
lessons had to be “an introduction into sensor technology”. The participants of this study were
N =71 electrician vocational students learning in four comparable classes from four technical
vocational schools. Data for eight students was deleted from the dataset because they did not
participate at all three required subsequent tests. Students were between 18 and 37 years old (M
=20.48; SD = 3.04). All participants were in their second year of training for several different
electrician professions. Only five students were female (8%), which reflects the typical non-
heterogenic population of technical vocational students (Kroll, 2017; Statistic Office of Baden-
Whuerttemberg, 2019b). Demographics and class sizes are shown in Table 6.1. The total sample
size is representative of the average class size of technical vocational schools measured by the
official Statistic Office of Baden-Wuerttemberg (2019). All classes were described by their

teachers as typical electricians’ classes with the typical heterogenic level of performance.



Learning Factories 4.0 in Technical Vocational Schools — Can They Foster Competence 112
Development?

Table 6.1

Summary of participating classes and level of interaction with the Learning Factory 4.0

Classes Number Number Average age Minutes Percent- LOI
of stu- of female inter- age of les-
dents students acted sons
with LF
4.0
1 21 1 20.81 00:00 0.00 % no
2 24 2 1991 67:00 18.61 % medium
3 8 1 21.38 118:00 32.78 % high
4 10 1 20.40 136:00 37.78 % high

Note. LOI = Level of Interaction with the Learning Factory 4.0; LF 4.0 = Learning Factory

6.3.2 Design

In order to analyse differences in competence development supported through Learning
Factories 4.0, this study uses a mixed repeated-measures design (Keselman et al., 1998). The
researchers and participating teachers discussed several opportunities to measure competence
development within this topic. Previous research used written examinations for competence
evaluation linked to Learning Factories 4.0 (Abele et al., 2019; Liebrecht et al., 2017). Hence,
written exams were identified as an economical way to measure and evaluate competence de-
velopment within the setting of an on-going school year. Therefore, the complex competence
constructs were measured through adequately transferred open questions including the specific
settings (Abele et al., 2019). The researchers provided the part of the written exam focusing on
multidisciplinary digital competencies. The teachers provided a pool of subject-related exam
questions. These questions were expected to have the same level of difficulty as they would

have in any exam within this topic.

6.3.3 Instrument

The authors received the didactical concepts of the examined lessons from each teacher.
On the basis on these lesson plans, a discussion was held on how to properly design the instru-
ments to meet a fair level of students’ performance and which dimensions of multidisciplinary
digital competencies would play a major role, a minor one or no role during the teaching of the
topic. First the students’ prior knowledge in the subject and state of multidisciplinary digital
competencies were measured in a pre-test (“T0” at time point 0; TP0). The subsequent meas-

urement instrument “T1” followed immediately after the last lesson in the chosen topic (in time
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point 1; TP1). To prove competence development in the long-term (Ilomiki et al., 2016), the
participants were given a third test “T2” four weeks (in time point 2; TP2) after TP1. The setting
of TP2 four weeks after TP1 had practical reasons, because all teachers and classes were avail-
able for a maximum of four weeks after TP1 was absolved. After the tests were completed, the
answers were deductively rated and correspondingly graded with points (Abele et al., 2019).
However, the graded points were transformed into Likert scales for further analysis. All these
tests were done per paper and pencil and consisted of two parts. In the first part, the students
had to answer open questions about their subject-related competencies. In the second part of
the instrument they answered open questions intended to measure their multidisciplinary digital
competencies. The students filled out the instruments with pseudonyms, so that they could not

be identified by their teachers or the authors.

6.3.4 Subject-Related Technical Competencies

As experts in their field, teachers provided a pool of open questions, because the tasks in
the first part of the instrument should have a similar difficulty over all three time points. The
test at TP1 was conducted as a regular short exam to obtain a more realistic evaluation of those
competencies (Aymans et al., 2018). Consequently, the teachers graded all tasks of all three
time points as they would usually do for an exam in this subject. The grading of the given
answers was transformed into a five-point Likert scale. When students left the answer blank,
teachers rated this as zero, whereas a complete and perfect answer was rated as a four. Table
6.2 shows the general summary of the subject-related technical competencies for each time
point. Due to organizational aspects, each teacher graded only his/her own class. Therefore,

Table 6.2 includes Cronbach’s alpha instead of an interrater reliability.

Table 6.2

Summary of subject-related technical competencies

Items M SD o Skew- Kurto- SE
ness sis
STCO 7 1.65 1.19 0.74 0.37 -0.90 0.15
STC1 6 2.94 1.24 0.57 -0.62 0.04 0.16
STC2 10 2.14 1.07 0.50 -0.25 -0.32 0.13

Note. STCO, STCI, STC2 = subject-related technical competencies at time point 0, 1, 2; M = mean; SD = Standard devia-
tion; a = Cronbach’s alpha; SE = standard error.
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6.3.5 Multidisciplinary Digital Competencies

For the second part, the authors provided open-ended survey questions (Hsieh & Shannon,
2005) to measure all dimensions of their multidisciplinary digital competencies. These were
rated by three qualified and trained researchers following criteria of qualitative content analyses
(Mayring, 2015). After consultation with teachers, it was decided to integrate the following
competence dimensions in order to measure if the announced multidisciplinary digital compe-
tencies are really fostered by the didactical concepts of the teachers. The competence dimension
attitude towards digital devices was not integrated because the tests had to be shortened at the
request of all participating teachers. The teachers claimed that /nformation Literacy and appli-
cation of digital security are the most fitting and most important non-subject-related competen-
cies in these lessons. The Learning Factories 4.0 also should improve the collaboration (CL)
and problem solving (PS) abilities in the long term. Handling of digital devices (HD) would
play a minor role within the topic, although students would have to use tablets and smartphones.
The criteria to assess the responses to these competence dimensions were pre-tested and defined
within a workshop. A summary is shown in Table 6.3, which also provides the interrater relia-
bility by presenting the Intraclass correlation (ICC3,k), proving the two-way mixed consistency

of the three raters (Shrout & Fleiss, 1979) for each item at each time point.

Table 6.3

Intraclass correlation (ICC3,k) and summary of the rated items at several time points

Time Lower Upper

point Item Raters ICC F p bound bound SD
HDI 3 91 31 .000 .87 .94 2.33 0.83

0 HD2 3 .95 56 .000 .93 .96 1.51 1.37
1 HD1 3 .89 23 .000 .85 92 2.16 0.98
2 HDI 3 .92 35 .000 .89 .94 2.02 1.09
0 CU1 3 73 9.3 .000 .65 81 2.01 0.75
1 CU1 3 .67 7.2 .000 .58 .76 1.80 0.84
2 CU1 3 .82 14 .000 75 .87 1.80 0.88
IL1 3 .89 24 .000 .84 92 1.39 1.12

0 IL2 3 .85 18 .000 .80 .89 1.67 1.00
IL3 3 91 33 .000 .88 .94 1.77 1.2

IL1 3 .67 7 .000 57 75 1.56 0.80

1 IL2 3 .83 16 .000 7 .88 1.44 1.03
IL3 3 81 14 .000 74 .86 1.66 0.95
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IL1 3 74 9.7 .000 .66 81 1.73 0.86
2 IL2 3 76 10.8 .000 .69 .83 1.51 0.85
IL3 3 .88 24 .000 .84 92 1.62 0.94
DSI 3 7 11 .000 .69 .83 1.73 0.92
0 DS2 3 71 8.5 .000 .62 .79 1.51 0.84
DS3 3 .86 19 .000 81 .90 2.35 0.81
DSI1 3 7 11 .000 .69 .83 1.8 0.83
1 DS2 3 .86 20 .000 .81 .90 1.82 0.75
DS3 3 .84 17 .000 78 .89 1.93 0.89
DSI1 3 73 9.3 .000 .65 81 1.86 0.72
2 DS2 3 .82 15 .000 76 .87 1.72 0.85
DS3 3 .87 20 .000 .82 91 2.16 0.97
CLI 3 .86 20 .000 81 .90 1.78 0.98
0 CL2 3 .84 16 .000 78 .88 1.83 0.93
CL1 3 .84 17 .000 79 .89 1.50 0.91
: CL2 3 .86 19 .000 .81 .90 1.33 0.95
CLI 3 .90 29 .000 .86 93 1.01 0.98
2 CL2 3 .82 15 .000 75 .87 2.04 0.86
PS1 3 92 36 .000 .89 95 1.37 1.19
0 PS2 3 95 59 .000 .93 97 1.89 1.10
PS1 3 .84 17 .000 78 .89 1.73 1.02
: PS2 3 .86 20 .000 81 .90 1.17 0.89
PS1 3 78 12 .000 .70 .84 1.59 0.84
2 PS2 3 .85 17 .000 79 .89 1.64 1.05

Note. ICC = Intraclass correlation coefficient; F = F-Test; p = probability; M = Mean, N = Number of participants; HD =
Handling digital devices; CU = Copyright usage; IL = Information Literacy; DS = Application of digital security; CL = Col-
laboration; PS = Problem solving

6.3.6 Data Collection

Data was collected between September 2019 and January 2020. The videos of the exam-
ined lessons show how much Learning Factories 4.0 are used within the lessons by the technical
vocational students. Given the fact that the topic was taught in eight lessons a 45 minutes, a
total of 360 minutes was controlled for each class for how many minutes the students worked
and learned with the CPPS or some modules of the foundation laboratory. As mentioned before,
both components belong to the didactical concept of Learning Factories 4.0 and therefore this

study does not differentiate between them. Beside the control group, Table 6.1 shows the actual
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minutes of hands-on learning with the Learning Factories 4.0 in the viewed lessons. Every ac-
tion of the technical vocational students which dealt in some way with Learning Factories 4.0
was counted. The authors did not distinguish between the quality of each learning process on
the Learning Factories 4.0 as long as the students solved hands-on and action-oriented tasks
with or on the Learning Factories 4.0 (Abele et al., 2019; Cachay et al., 2012). Quartiles were
calculated based on the time spans in Table 6.1. Consequently, class 3 and 4 form the group of
the highest level of interaction with their Learning Factory 4.0, which means in sum N = 18
students learned on a high interaction level with the components of Learning Factory 4.0 and
24 students had a medium level of interaction. The control group included 21 students and had

no interaction with a Learning Factory 4.0 during the lesson.

6.3.7 Analytic Strategy

Hypotheses 6.1 and 6.2 require identical independent variables, namely the level of inter-
action with Learning Factories 4.0 (LOI) and time, while subject-related technical competen-
cies and multidisciplinary digital competencies are the dependent variables. To validate the
differences in learning outcomes due to LOI between the three groups, a repeated-measure two-
way multivariate analysis of variance (MANOVA) would have been the adequate analytic strat-
egy. However, the Shapiro-Wilk test showed a significant violation (p <.001) of the multivar-
iate normality distribution of the dependent variables. In addition, Box’s M-test was statistically
significant (p <.001); hence, the data also violated the assumption of homogeneity of the vari-
ance-covariance matrices. Therefore, a nonparametric procedure was used (Keselman et al.,
1998). The non-parametric equivalent of a two-way multivariate analysis of variance is the
Scheirer-Ray-Hare test (Dytham, 2017), which is a derivation of the multivariate Kruskal-Wal-
lis test (Scheirer et al., 1976). To analyse differences over time and different levels of interaction
with Learning Factories 4.0, post-hoc analyses were conducted. Therefore, pairwise Wilcoxon
tests and Wilcoxon test effect sizes were chosen as adequate procedures after using Scheirer-
Ray-Hare tests (Sokal & Rohlf, 2001). The statistics software R (version: 4.0.2), R-Studio (ver-
sion 1.2.502) and the R-package rcompanion (version 2.3.25) were used for data analysis

(Mangiafico, 2020).
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6.4 Results

The following subsections present the results.

6.4.1 Development of Multidisciplinary Digital Competencies through Different Lev-

els of Interaction with a Learning Factory 4.0 over Time

To evaluate the effect of different LOI over time on multidisciplinary digital competencies
and their relevant competence dimensions, several Scheirer-Ray-Hare tests were performed.
Table 6.4 shows the results, including the generalized Eta-square (Olejnik & Algina, 2003),
which provides comparable effect sizes for studies with repeated-measures design (Bakeman,

2005). As shown in Table 6.4, there was no significant interaction between LOI and time on

multidisciplinary digital competencies (df =4, SS = 10091, H=3.37, p = .497, n2 =.018) and
its competence dimensions, except for problem solving (PS; df =4, SS = 28812, H=9.66, p =

.047, 112 =.051). Further, Table 6.4 shows that LOI has a significant impact on all competence

dimensions of multidisciplinary digital competencies. The generalized 112 shows medium to
large effect sizes, based on Cohen’s benchmarks (Cohen, 1988; Richardson, 2011). The factor

time had no significant effect on these competence dimensions, except for collaboration (df =

2,85=60032, H=20.47, p <.001, n2 =.108).

Even though the interaction effect of LOI and time was not significant, LOI had an impact
on multidisciplinary digital competencies and their competence dimensions. Therefore, they
were analysed pairwise via Wilcoxon post-hoc analyses. Table 6.5 shows the differences via
pairwise comparisons at each time points for the significant LOI of Table 6.4. Adjusted p-values
using the Bonferroni multiple testing correction method within post-hoc Wilcoxon tests were
applied, and Wilcoxon r as a measure of effect size was chosen (Fritz et al., 2012). To measure
a development of competencies over time, groups should not differ significantly in their
achieved level of multidisciplinary digital competencies and subject-related technical compe-
tencies in the pre-test. This would indicate a comparable level of these competencies. Never-
theless Table 6.5 shows that the control group (with) differs significantly from the group of
medium LOI in three competence dimensions of multidisciplinary digital competencies (copy-
right usage: Diff = -.647, p = .004, r = .455; application of digital security: Diff = -.815, p <
.001, » = .5; problem solving: Diff = -979, p = .009, r = .445). However, the control group
showed no significant difference to the group with the highest LOI (except for the competence

dimension application of digital security (Diff =-.512, p =.048, r = .319).
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Table 6.4
Summary of the Scheirer-Ray-Hare test and effect sizes

LOI Time LOI x Time

df  ss H p n  df SS H p n  df SS H p n

HD 2 37623 13.57 .001 .072 2 5070 1.83 401 .009 4 6875 248 .648 013

CU 2 87805 2998 .000 .159 2 7747 2.65 267 014 4 17264  5.89 207 .031

IL 2 85102 28.54 .000 .I151 2 937 0.31 855 .002 4 4807 1.61 .807  .008

DS 2 140440  47.14 .000 251 2 1054 0.35 838 .002 4 22695  7.62 107 .041

CL 2 50154 17.10  .000 .091 2 60032 2047 .000 .108 4 24037 8.19 .084  .044

PS 2 99392 33.31  .000 .177 2 6028 2.02 364 010 4 28812  9.66 .047 051

MDC 2 141369 47.25 .000 .251 2 16700  5.58 .061 .029 4 10091 3.37 497 018

STC 2 1610 0.54 763 .003 2 99461 3336 .000 .177 4 44361 1488 .005 .079

Note. df = Degrees of Freedom; SS = Sum of Squares; H = H-Test; p = probability; nl = Generalized eta squared effect size; HD = Handling digital devices; CU =
Copyright usage; IL = Information Literacy; DS = Application of digital security; CL = Collaboration; PS = Problem solving, MDC = Multidisciplinary digital
competencies; STC = subject-related technical competencies

As can be seen in Table 6.5, handling of digital devices witnessed the only significant
differences between LOI groups at TP2, when both groups with LOI differ significantly from
the control group (no to medium: Diff = -.683, p = .019, » = .35; no to high: Diff =-.757, p =
.017, r = .385) but not from each other (p = .481). In Table 6.5 the medium LOI group of
copyright usage differs significantly from no in TPO (Diff = -.647, p = .004, r = .455) and high
LOI (Diff = .472, p = .002, r = .469), which both do not show any significant differences be-
tween them for this competence dimension at any time point (TPO: p = .66, TP1: p =.359, TP2:
p =.109). For Information Literacy there were no significant differences at TPO (no to medium
LOI: p=.077; no to high LOI: p = .291; medium to high LOI: p = .291), but there were at TP1
and TP2 between the control group and the groups with LOI. There was no significant differ-
ence between the LOI groups in TP1 (p = .618) and TP2 (p = .532). The significantly different
level of application of digital security in the pre-test between the control group and the groups
with LOI (no to medium: Diff=-.82, p <.000, » = .5; no to high: Diff=-.51, p=.048, r = .32)
was still significant at TP1 (no to medium: Diff =-.571, p = .007, r = .421; no to high: Diff = -
825, p=.002, r=.553) and TP2 (no to medium: Diff =-.772, p <.000, » = .63; no to high: Diff
=-.965, p <.000, » = .750). The only relevant significant difference between LOI groups for
collaboration can be found at TP1 between no to medium level (Diff = -1.161, p < .000, r =
.577) and no to high level of LOI (Diff=-.619, p =.017, r = .386).

Table 6.6 provides the results of the pairwise comparisons for each construct, which had a

significant effect of the factor time, detected by the Scheirer-Ray-Hare tests in Table 6.4.
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Therefore, Table 6.6 is grouped by time points and shows that the control group had a signifi-

cantly higher level of collaboration in the pre-test than at TP1 (Diff = .841, p =.012, r = .413),
but no significant difference to TP2 (p = .808). The effect of time on collaboration was not
significant for the medium LOI! group (TPO to TP1: p=.194; TPO to TP2: p =.393; TP1 to TP2:

p =.265). The group with the highest LOI did not have a significantly higher level from TPO to
TP1 (p = .138). In addition, this group had a significantly higher level in TPO than in TP2 (Diff
=-.667, p =.003, r = .536). In TP2 they even reached a significantly lower level than in TP1

(Diff=-1.019, p = .003, r = .626).

Table 6.5 shows significant differences for problem solving between the control group and
the group of medium LOI over all three time points (TPO: Diff=-.979, p =.009, r = .445; TP1:
Diff = -.881, p < .000, r = .580; TP2: Diff = -.665, p = .034, r = .342). Here the differences
between the control group to high LOI were not significant at TPO (p = .06) and TP1 (p = .322)
but in TP2 (Diff =-1.003, p = .002, r = .542). The medium to high LOI does differ significantly
at TP1 (Diff = .704, p = .001, r = .523), but not at TPO (p = .06) and TP2 (p = .147). Overall,
Table 6.5 shows that the level of accumulated multidisciplinary digital competencies was sig-
nificant different for all three groups over all time points with the exceptions at TPO between

the control group and high LOI (p = .099) and at TP2 between medium and high LOI (p = .889).

6.4.2 Development of Subject-Related Technical Competencies through Different

Levels of Interaction with a Learning Factory 4.0 over Time

To evaluate the effect of different LOI with a Learning Factory 4.0 over time on subject-
related technical competencies a Scheirer-Ray-Hare test was performed. The results are pre-

sented in Table 6.4. There was a statistically significant interaction impact of LOI over time

with a medium effect size (df = 4, SS = 44361, H = 14.88, p = .005, n2 =.079). As can be seen

in Table 6.4, the factor time had a significantly large effect on subject-related technical compe-

tencies (df =2, 85 =99461, H=133.36, p <.000, nz =.177). Therefore, post-hoc analyses were
conducted and the pairwise comparisons in Table 6.6 were grouped by time points. Table 6.5
proves that within the pre-test at time point 0 there were no significant differences between the
three groups (no to medium LOI: p = .126; no to high LOI: p = .955; medium to high LOI: p =
.055). As Table 6.6 shows, there were no significant differences in subject-related technical
competencies for the control group over time (TPO to TP1: p = .648; TPO to TP2: p =.827; TP1
to TP2: p = .648). But the students who had a medium LOI had a highly significant higher level

of subject-related technical competencies in TP1 in comparison to the pre-test in TPO (Diff = -
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1.313; p <.000; 7 = .599).
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2.42; p <.000; »=.77). Their results in TP2 were also significantly higher than in TPO (Diff

Summary of the pairwise comparisons using Bonferroni Holm correction grouped by “Level of
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-1.104; p <.000; » = .522) but lower than in TP1 (Diff

Table 6.5
Interaction
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The group with the highest LOI reached a significantly higher level of subject-related technical
competencies at TP1 than at TPO (Diff = -.696; p = .002; r = .329), but the level at TP2 was not
significantly different from the level of subject-related technical competencies at TPO (Diff = -
133, p=.468, r =.026). However, the score for subject-related technical competencies at TP1
was significantly higher than at TP2 (Diff = .563; p =.024; r = .354).

Table 6.6

Summary of the pairwise comparisons using Bonferroni-Holm correction grouped by “time”

CL STC

LOI Time Point Diff p r Diff p r

no 0 1 0.84 .01 41 -0.50 .65 21
no 0 2 -0.13 .81 .07 -0.07 .83 .00
no 1 2 -0.84 .01 49 0.43 .65 A2
medium 0 1 0.31 19 18 -2.42 .00 7
medium 0 2 0.08 39 .10 -1.10 .00 52
medium 1 2 -0.22 27 11 1.31 .00 .60
high 0 1 0.35 .14 21 -0.70 .00 33
high 0 2 -0.67 .00 54 -0.13 .00 .03
high 1 2 -1.02 .00 .63 0.56 .02 35

Note. LOI = Level of Interaction with the Learning Factory 4.0, Diff = estimated difference of means, p (adj.) = adjusted
level of significance by Bonferroni-Holm correction, r = Wilcoxon rank test effect size; CL = Collaboration; STC = Sub-
ject-related Technical Competencies

6.5 Discussion

The following sections highlight the key findings, the implications and limitations of this

study and present ideas for future research.

6.5.1 Key Findings

To summarize the results, there was no significant interaction effect of LOI and time on
multidisciplinary digital competencies. It is not surprising that time had no significant effect on
multidisciplinary digital competencies, because developing any digital competencies is rather
a long-term (Ilomiki et al., 2016) or even a life-long (Ferrari, 2012) story. The multivariate
design of the Scheirer-Ray-Hare test provided significant effects of LOI in this study on multi-
disciplinary digital competencies. According to Cohen's benchmarks (Cohen, 1988), the effect
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sizes of LOI on multidisciplinary digital competencies and its competence dimensions, pre-
sented through a generalized eta squared (Bakeman, 2005) in Table 6.4, are medium (HD, CL)
or large (CU, IL, DS, PS, MDC). To interpret the particular effects of the level of interaction
between these groups one has to look at the post-hoc test results in Table 6.5 and Table 6.6.
Looking at these pairwise comparisons, the group which had a medium LOI seems often to
score higher than the group with the highest level of interaction in terms of multidisciplinary
digital competencies and its dimensions. This started at the pre-test, with a multidisciplinary
digital competencies level which was .295 points better (p = .039) than the group of students
with the highest LOI. With a difference of .279 (p = .023), the multidisciplinary digital compe-
tencies level was almost the same at TP1. At TP2 there was no significant difference anymore
between these two groups.

Grouping the students into different LO! groups instead of dividing them based their mul-
tidisciplinary digital competencies level was not a part of this study but had the effect that the
level of multidisciplinary digital competencies was already different in TP0O, which also ex-
plains that the Scheirer-Ray-Hare test shows significant results for the factor LOI. Table 6.5
supplements this and shows that in TP2 there was no significant difference between the medium
and high LOI. Because Table 6.4 does not show an interaction effect of LOI and time, and the
differences of multidisciplinary digital competencies within the pre-test were significant, Hy-
pothesis 6.1 has to be rejected. Even if LOI had no significant effect on subject-related technical
competencies, the interaction effect of LOI and time on subject-related technical competencies
was significant and has a medium effect (Cohen, 1988). The significant impact of time on sub-
Jject-related technical competencies had a medium effect as well.

The pairwise comparisons in Table 6.6, grouped by the significant factor time of Table 6.4,
showed that there was no significant change in subject-related technical competencies level
over time within the control group. The students who had a medium LOI improved their level
of subject-related technical competencies significantly but had their peak at TP1, immediately
after the lesson was over. Their subject-related technical competencies decreased from TP1 to
TP2 significantly, by about 1.313 points (p <.000), which is confirmed by a large effect size of
r=.522. But their level of subject-related technical competencies at TP2 was still significantly
higher (Diff = 1.104) than at TPO (p < .000), which also had a large effect (» = .599). The
students with the highest LOI also improved their subject-related technical competencies sig-
nificantly from TPO to TP1 (Diff =-.696, p = .002, r = .329), which was also their peak perfor-

mance. At TP2 their subject-related technical competencies were .563 lower than at TP1 (p =
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.024, r = .354) and not significant in comparison to their achieved score at TPO, which also
showed a negligible effect size.

Table 6.6 clearly demonstrates that using Learning Factories 4.0 within the lesson seems
to have a positive impact on the learning outcome. The control group showed no significant
improvements over time, but both groups with LOI did at least at TP1. The fact that all groups
showed their maximum of subject-related technical competencies at TP1 is not surprising, be-
cause T1 was conducted in the lesson after the topic was finished. So T1 measured the compe-
tencies, when they were as fresh in the students’ minds as they could be. To sum this up, Hy-
pothesis 6.2 is accepted, because Table 6.4 shows a significant interaction effect of LOI and
time on subject-related technical competencies. In addition, Table 6.6 shows that the control
group had no significant differences between the three time points at all. The group with me-
dium LOI improved their subject-related technical competencies also in the long term (at TP2),
in contrast to the group with the highest LOI, which had their peak performance at TP1. Their
level of subject-related technical competencies decreased from TP1 to TP2, when it was not
significantly different from that at TP0. As a side effect, the Scheirer-Ray-Hare test also showed
significant results of a small interaction effect of LOI and time on problem solving (df = 4, SS
=28812, H=9.66, p = .047,n2 =.051). This supports the current literature, which argues that
Learning Factories 4.0 could foster the development of this competence dimension (Abele et

al., 2015; Cachay & Abele, 2012; Tisch et al., 2016).

6.5.2 Implications

Even if these results have to be interpreted with caution due to the limitations, they surely
have implications for the stakeholders, like school authorities, teachers, students and research-
ers. As the focus of Learning Factories 4.0 is action-oriented competence development, Tisch
et al. claimed in 2016 that there were “no pragmatic and reliable instruments to evaluate the
development of intended competencies in Learning Factories™ (Tisch et al., 2016, p. 1358). This
study scientifically explored the opportunities of repeated measures design with open questions
as a first step to provide such an instrument. The detected development of subject-related tech-
nical competencies indicates a comprehensive didactical concept, which is essential for effec-
tive competence development (Lanza et al., 2016), and which Tisch et al. (2013) saw as a crucial
problem for the design of Learning Factories 4.0 at universities, and Scheid (2018) at vocational
schools. The number of stakeholders who are involved with Learning Factories 4.0 in voca-
tional teaching is increasing, because the Ministry of Economic Affairs, Work and Housing of

Baden-Wuerttemberg provided funding to more than 37 technical vocational schools to
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implement Learning Factories 4.0 (Ministry for Economic Affairs, Work, and Housing, 2017,
2018, 2019). This means that these findings are interesting arguments for the ministry, but also
for technical vocational schools, which are interested in procuring Learning Factories 4.0.
Stakeholders should have a strong interest in academic results like this, which validate their
arguments to install such expensive facilities (Wilbers, 2017) to foster the development of tech-
nical competencies with the newest technology on the market to prepare the future shop-floor

staff for Industry 4.0 (Scheid, 2018).

6.5.3 Limitations

The first limitation is surely the competence evaluation using knowledge tests. The relation
between competence and measured performance (Chomsky, 1966) is scientifically recognized
but still not precisely explicable (Tisch et al., 2016). According to Pittich (2014), conceptual
knowledge tasks can be a good predictor of competencies. Still, it is questionable to interpret
the results of subject-related technical competencies, which are basically written answers eval-
uated by technical vocational teachers, and multidisciplinary digital competencies, which are
written answers rated by experienced raters, as competencies. But the competence evaluation
with simulated problem scenarios (Abele et al., 2019) was not an adequate alternative in this
study, due to its organizational consequences on the on-going school year and the resources it
would have required. In addition, all competencies relating to digitization need to be observed
in a long-term, problem-based and technology-rich scenario, where they can be developed
(Iloméki et al., 2016). Learning Factory 4.0 as a learning environment provided two of these
criteria, because of its up-to date technology and problem-based didactical design (Abele et al.,
2019; Hummel et al., 2015). To counteract the problem of long-term multidisciplinary digital
competencies development, the competence tests were repeated with similar problem-based
tasks four weeks after the content was learned. Within these four week it was not possible to
observe the informal learning aspects within this study (Dehnbostel, 2014).

Another limitation that should be considered is that the participants were in four classes
from different schools. The Learning Factories 4.0 of these technical vocational schools are
also not completely identical, just as Learning Factories 4.0 are rarely similar (Abele et al.,
2019). In order to keep this limiting factor as low as possible, the participating teachers were
consulted and after a discussion they confirmed that the concepts are comparable and can be
implemented with these classes and with the respective Learning Factories 4.0 at these technical
vocational schools. Due to the many different companies where the students worked, the re-

sources would have not been enough to control for such variables, too.
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A related limitation is the art of grouping the technical vocational students into the level of
interaction with the Learning Factories 4.0. This study did not differentiate by the quality of
learning processes on the Learning Factories 4.0, as for example Reining et al. (2019) did by
analysing the content of conversations. Even though competence dimensions were defined for
multidisciplinary digital competencies (Roll & Ifenthaler, 2020a), they still contain too many
skills and abilities to measure a significant development through working with or without
Learning Factories 4.0. But concentrating on just measuring one particular skill of a competence
dimension would not have supported the idea of multidisciplinary digital competencies (Roll &
Ifenthaler, 2020a). At the university level, the learning tasks for Learning Factories 4.0 are
openly designed and aim to avoid any predefined approaches (Hummel et al., 2015). While
teachers in technical vocational schools also try to design their instructions similarly, they have
to coach their learners much more than university students need to be (Scheid, 2018). Therefore,
one should use caution when comparing findings on vocational training students to university
level learners (Miiller-Frommeyer et al., 2017). Even if the teaching approaches, subjects and

technical infrastructure might be similar, the cognitive level of learners is not.

6.5.4 Future Research

Given the limitation of not differentiating by different learning actions with the Learning
Factories 4.0, further video analysis needs to be done to investigate the individual learning more
specifically. One option could be to integrate a content analysis on the “act4learning frame-
work”, like Reining et al. (2019) did, or to develop specific coding guidelines to evaluate each
action of the learners within the Learning Factories 4.0 context. To dig deeper into the applica-
tion of constructive alignment (Biggs, 1996), sustainable competence development and its iter-
ative assessment within Learning Factories 4.0 needs further research, which may focus on
formal and informal assessment of technical vocational students (Dehnbostel, 2014). To vali-
date these findings, a larger sample would be required. Stakeholders such as school authorities
should be interested in developing the basis of this research further and providing more empir-
ical findings to all related stakeholders. In the context of higher education it is scientifically
justified that Learning Factories 4.0 could foster competence development (Abele et al., 2015;
Cachay et al., 2012; Gronau et al., 2017b).

The contribution to science of this study is the validation of competence development on
the much lower educational level of vocational educational training within technical vocational
schools (Roll & Ifenthaler, 2020b). But there is still room for a lot of didactical improvements

for integrating Learning Factories 4.0. For example, the Learning Factories 4.0 should be
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connected to commercial vocational schools, which are learning with ERP software to manage
the procurement, marketing and sales (and much more) of manufactured products (Scheid,
2017; Wilbers, 2017). Wilbers (2017) explained this lack of connection by the insufficient tech-
nical connection between these different types of schools. But praxis shows that even if the
technical infrastructure is ready, real didactical concepts, which are applicable in the daily busi-
ness of vocational teaching, are non-existent. How to provide logical, resource saving teaching
to a mix of commercial and technical students should be the next big stage of research on the

topic of Learning Factories 4.0 within vocational schools.
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7. Discussion and Future Research

In this final chapter the contribution of this thesis to research and the most important find-
ings are recapitulated in section 7.1. Based on these key findings, section 7.2 discusses practical
implications for dual training in vocational schools and companies, as well as for the use of
Learning Factories 4.0. In section 7.3 the limitations of the present work are discussed and

possibilities for future research are suggested. Finally, a conclusion is presented in section 7.4.

7.1 Main Findings and Theoretical Contribution to Field of Research

The overarching research question posed in section 1.2 of this thesis asked which multidis-
ciplinary digital competencies will educational stakeholders require from technical vocational
students in the future in order to compete in Industry 4.0, and what role can Learning Factories
4.0 play in the acquisition of competencies in technical vocational schools? The conducted
studies showed that a positive attitude towards digitization, the experienced handling of digital
devices, an adequate Information Literacy, the secure application of digital security, adequate
copyright usage, collaboration strategies and problem solving skills will be necessary for future
technical vocational students to act adequately and socially responsibly in the digital context of
multidisciplinary professional, but also private situations in Industry 4.0. Built as realistic,
model Industry 4.0 facilities, Learning Factories 4.0 in technical vocational schools can pro-
mote the respective technical competencies. The development of multidisciplinary digital com-
petencies should be reviewed again over a longer period of time.

The specific findings of each study are summarized in the following sections. First, the
underlying educational perspectives of studies 1 and 2 (7.1.1) are presented. Then the findings
of the structural equation model from Study 3 (7.1.2) and competence development through

Learning Factories 4.0 from Study 4 (7.1.3) are summarized.

7.1.1 Findings on Educational Perspectives of Future Multidisciplinary Digital

Competencies

Through its explorative design, the first and second study contribute to the identification
of necessary competency dimensions of technical vocational students from the perspective of
the digital competency literature, which, beyond the professional-technical competencies
(Tenberg, 2016), are necessary for Industry 4.0 (Tenberg & Pittich, 2017). Based on the state-
ments from the interviews with corporate instructors (study 1) and technical vocational teachers
(study 2), the overview of the competence dimensions, shown in Figure 3.1 and derived from
scientific literature, was modified. The findings of study 1 indicate that a positive attitude to-

wards digitization will continue to be important in Industry 4.0 in order to cope with all
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technical challenges in everyday working life. This is in line with Ilomaki et al. (2016), who
state that volitional components are essential for a model of digital competencies, and other
studies that suggest that attitude towards digitization can be a predictor of actual technology
use (Moran et al., 2010; Scherer et al., 2018; Yerdelen-Damar et al., 2017). But attitude towards
digitization was not viewed as having the same relevance by the participating teachers in study
2. Likewise, the teachers do not consider the physical handling of digital devices to be as im-
portant in the future as the corporate instructors in the first study did. However, the corporate
instructors stated that they are optimistic that the attitude towards and handling of digital de-
vices will also be present among technical vocational students in Industry 4.0, just as it is al-
ready well developed at present.

In both studies, the participants emphasize that they expect the technical vocational stu-
dents’ occupational group not to need deeper programming skills for Industry 4.0, which is in
line with Delcker and Ifenthaler (2017). In their answers, both participating groups displayed a
particular focus on the core of Information Literacy (van Deursen et al., 2016; Yu et al., 2017),
which emphasizes strategies for information retrieval, structuring and evaluation of different
models (Fraillon et al., 2019; Parsazadeh et al., 2018; Yu et al., 2017). The teachers in particular
pointed out that these skills need to be improved, because at the moment their students lack
strategies on how to find what information on the Internet and where (van Deursen et al., 2016;
van Deursen & van Dijk, 2011).

For the corporate instructors, the application of digital security is the decisive factor in
assessing whether technical vocational students are digitally competent and whether digitiza-
tion in the company is successful or not (Veile et al., 2019). The importance of this competence
dimension is also reflected by its integration into other models (Ferrari, 2012; Simandl &
Vanicek, 2017). The majority of the participating teachers assigned this competence dimension
to practical work, arguing that it is more about protecting the technical infrastructure from ex-
ternal cyber-attack, which is a design challenge in general for Industry 4.0-relevant cyber-phys-
ical systems anyway (Lee, 2008).

In addition to the two previous competence dimensions, the corporate instructors rated not
only knowing about copyright guidelines, but also applying them, as important for future tech-
nical vocational students (Burkell et al., 2015). The participating teachers consider this to be
important in the future as well, but more in a school context than in a corporate context. This
contrasts with the statements of corporate instructors of study 1 and also with the study by
Chinien and Boutin (2011), who attach increased importance to the application of copyright by

(Canadian) workers.
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The interviewees from study 1 confirmed that young technical vocational students in par-
ticular need to develop not only their communication of content, but also cross-disciplinary
cooperation with other hierarchical levels and disciplines. The teachers emphasized the need
for the ability of collaboration in a similar way. With regard to problem solving competence,
the teachers’ statements agree with those of the corporate instructors that the students will need
clear problem solving strategies as well as creative approaches in Industry 4.0 (Scherer &
Gustafsson, 2015; van Laar et al., 2020; Wiistenberg et al., 2014). However, the instructors
emphasized that in an increasingly complex world, it becomes more important to reflect on
oneself, one’s actions and processes (Quieng et al., 2015), and also to promote self-directed
learning in this way (van Laar et al., 2020). The findings of study 2 show that the participating
teachers focused less on self-reflection in the sense of reflecting on one’s own actions within a
process, but rather on holistic thinking and a technical understanding of the process, which is
in line with Gronau et al. (2017) and Wank et al. (2016). The resulting approach from different
competence dimensions corresponds to the competence understanding according to Weinert
(2001).

In summary, the results of study 1 and 2 as well as the eight identified competence dimen-
sions can serve as indications for further instructional design of learning environments in tech-

nical vocational education and for the orientation of future research.

7.1.2  Findings of the Model Structure Specification of Multidisciplinary Digital

Competencies

In the third study, pre-service vocational school teachers first filled out a self-assessment
instrument before they had to answer open scenario-based questions in a second instrument.
Due to the low internal consistency, the latent variable of the self-assessed self-reflection was
removed from the dataset. By removing this competence dimension, the examined model, con-
sisting of self-evaluated multidisciplinary digital competencies and externally evaluated multi-
disciplinary digital competencies, showed acceptable fit indices (Hooper et al., 2008; Hu &
Bentler, 1999). The findings of the applied structural equation model showed that the latent
constructs of the application of digital security have the largest estimates on the measured mul-
tidisciplinary digital competencies. The self-evaluated and externally evaluated answers on col-
laboration had the second largest estimate. Furthermore, the results showed that the handling
of digital devices had the third largest influence on both the self- and externally assessed mul-
tidisciplinary digital competencies. The impact of attitude towards digitization on multidisci-

plinary digital competencies is in fourth place. Information Literacy has a lower path coefficient
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and is in fifth position. The structural equation model showed that the problem solving con-
structs had the lowest path coefficient towards the multidisciplinary digital competencies.

Further results of the third study were that attitude towards digitization has a direct and
significant impact on self-assessed multidisciplinary digital competencies, as Yerdelen-Damar
et al. (2017), but also Senkbeil and Thme (2017), have stated. However, no direct influence of
attitude towards digitization on the objective and externally assessed multidisciplinary digital
competencies could be found in the study. This is in agreement with Aesaert et al. (2015) and
Bunz et al. (2007), who found that the motivational factors have an influence on the self-as-
sessed, but not on the actual digital competencies. Even if the attitude towards digitization has
no significant direct influence on the actual multidisciplinary digital competencies, it probably
has an influence on the self-evaluated multidisciplinary digital competencies. These in turn, as
the results of study 3 show, can be a good predictor of objectively measured multidisciplinary
digital competencies. Thus, it can be assumed that the attitude towards digitization probably
has an indirect effect via the general self-assessment. The fact that self-assessed competencies
can be a good predictor of actual competence has been confirmed by research on several occa-
sions (Bandura, 2009; Pajares, 1996; Senkbeil & Thme, 2017).

Due to this significant prediction from the self-assessed competencies, the loss of the self-
assessed ability to reflect on oneself can be classified as acceptable. Thus, study 3 is in line with
these other research results, but contradicts for example Porat et al. (2018), who found that self-
assessed digital literacy can only serve as a predictor of actual digital literacy to a limited extent.
In summary, the findings showed that by removing the construct of self-reflection a functional

structural equation model could be calculated.

7.1.3  Findings on the Development of Required Competencies through Learning

Factories 4.0 in Technical Vocational Schools

Even though the corporate instructors (study 1) were aware of their own educational duties,
they argued that the competencies mentioned above could and should be increasingly promoted
at the technical vocational school. According to the interviewed teachers in study 2, the longer
the Learning Factories 4.0 had already been in place at the respective schools, the more sophis-
ticated was the didactic integration of these complex systems into the daily lessons. With these
statements, the interviewees also contradict the statements that no didactic concepts are yet
available for Learning Factories 4.0 at vocational schools and, on the one hand, that these could
not be integrated into everyday vocational school life at all (Scheid, 2018).

In order to test this claim, the fourth study examined the progress made in competence de-

velopment at the technical subject-related level and at the multidisciplinary digital competence
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level. After consultation with the teachers, the attitude towards digitization and self-reflection
were removed from the survey. The technical process understanding from the competence di-
mension self-reflection was integrated into the subject-related technical tasks. In any case, the
results of the Scheirer-Ray-Hare test show that there is no interaction effect of time and level of
Learning Factory interaction on multidisciplinary digital competencies. However, the level of
Learning Factory interaction has a significant effect on them. Furthermore, a significant influ-
ence of the interaction effect level of Learning Factory interaction with time on problem solving
as well as the subject-related technical competencies could be determined. The resulting post
hoc-analyses showed the following:

- There were significant differences in handling digital devices between the groups with
level of Learning Factory interaction and the control group only at the last measurement
time.

- The measured Information Literacy of the groups with Learning Factory 4.0 interaction
was significantly higher than for the control group at all times.

- The control group had a significantly lower value at all times in application of data
security than the groups learning with Learning Factories 4.0.

- The adequate usage of copyright of the control group did not differ significantly from
the group with the highest Learning Factory 4.0 interaction at any time during the study.

- There were hardly any significant differences in collaboration except at time point 1
between the control group and the other two groups. Within the medium group, there
were no significant changes over the course of the study.

- Inthe problem solving ability, no noticeable structure could be seen in the differences.

- Overall, it can be said that the multidisciplinary digital competencies in the pairwise
comparisons usually differed significantly. Nevertheless, the medium group already dif-
fered significantly from the other two groups at time point 0. However, the results also
show that the non-significant difference of multidisciplinary digital competencies at
TPO between the control group and the group with the highest level of Learning Factory
interaction became a significant difference that became larger in the further course of
the study.

- For subject-related technical competencies, the previous knowledge test at TPO showed
that the levels of the different groups do not differ significantly. There were no signifi-
cant changes in the control group over time. The groups with level of Learning Factory
interaction had the highest significant levels of subject-related technical competencies

at time TP1. This then decreased again by TP2.
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The development of digital competencies is a lifelong task (Carretero et al., 2017; Ferrari,
2012) and can only be developed and measured in the long term (Iloméki et al., 2011, 2016).
For this reason, and because of the different class levels of multidisciplinary digital competen-
cies at the time of the pre-knowledge test, an interpretation in favour of the use of Learning
Factories 4.0 to better promote generic competencies is difficult. This does not apply to subject-
related technical competencies. The findings showed that these improve significantly depend-
ing on the integration of Learning Factories 4.0. To summarize the post-hoc analyses, this study
contradicts the statement by Tenberg and Pittich (2017) that Learning Factories 4.0 in voca-
tional schools can only promote very specific competencies. Scientific results which claim that
Learning Factories 4.0 in the university context could promote competence development (Abele
et al., 2015, 2019; Cachay & Abele, 2012; Tisch et al., 2016) were confirmed for the first time

also in the vocational school context (Scheid, 2018).

7.2 Practical Implications

The implications of the present work are twofold. First, there are contributions on the use
of the conceptual model of multidisciplinary digital competencies in the technical professional
and educational system based on the empirical findings. Second, there are practical implications
with respect to Learning Factories 4.0 at technical vocational schools, whose benefits for stake-

holders are explained.

7.2.1 Further Integration of Multidisciplinary Digital Competencies in Technical

Vocational Training

An orientation for how to teach Industry 4.0-related topics to technical vocational students
is provided by the Ministry of Education, Youth and Sports of Baden-Wuerttemberg (Horner
et al., 2016). This guideline consists of six different thematic scenarios in wh