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1 Introduction

The field of educational research in Germany has a longstanding tradition and was systematized
as an empirical scientific discipline at the beginning of the 20th century. Among the pioneers of
empirical educational research were primarily empirical educators, such as Aloys Fischer, who
experimentally engaged with teacher education and vocational education at that time. The devel-
opment of educational research continued throughout the 20th century and received a fundamental
boost in the 1960s with the "realistic turn™ in pedagogy by Heinrich Roth (cf. Reinders et al., 2022).
Today, educational research presents itself as an interdisciplinary and broadly diverse field of
study that holds significant importance. It is a key interdisciplinary research area that aims to con-
tribute to the further development and optimization of schools, teaching, and vocational training.
In light of rapid technological advancements and the increasingly complex demands on the next-
generation professionals, it is crucial to systematically examine teaching and learning processes in
the technical disciplines and, based on evidence, further develop schools, teaching, and vocational
training. Educational research seeks to improve the quality of teaching and learning processes in
school, vocational, and extracurricular settings, promote the integration of new teaching and learn-
ing methods, technologies, content, and interdisciplinary approaches into various educational con-
texts, and has long contributed to the professional development of educators (cf. Tippelt &
Schmidt-Hertha, 2018; Terhart, Bennewitz & Rothland, 2014).

As a subfield of educational research, didactic research in technology aims to ensure collabo-
ration between schools, industry, and research, so that general and vocational technical education
can be designed to be future-proof. In technical disciplines, where content quickly becomes out-
dated and new technologies are rapidly integrated, it is particularly important that educators in
technical science domains are trained and continuously educated to be forward-thinking. Voca-
tional pedagogical and didactic technology projects can make an important contribution by devel-
oping evidence-based approaches to profession-oriented teacher professional development and
supporting the overarching professional, didactic, and pedagogical-psychological competencies of
aspiring teachers in the context of current challenges (cf. Hallenberger & Ziegler 2025). Didactic
research in technology provides a scientific basis to improve the quality of technical education,
promote social inclusion, and adapt the relevance of educational offerings to the dynamic demands
of the technological and professional world. Only through continuous outstanding research can it
ultimately be ensured that the next generation of professionals possesses future-oriented compe-
tencies to meet the challenges of society in the 21st century.

Educational research offers a broad methodological repertoire, encompassing traditional qual-
itative and quantitative methods as well as mixed-methods approaches. In addition, digital and
computational methods such as Learning Analytics, Network Analysis, Text Mining, and Machine
Learning are increasingly being used in educational research. Didactic research in technology ac-
companies transformation processes to systematically guide developmental processes and make
the impact of skill development visible. For application-oriented didactic research in technology
that aims to generate practice-relevant insights, continuous feedback between academia and school
or industry practice is essential — an approach exemplified by Educational Design Research
(McKenney & Reeves, 2019; McKenney & Pareja Roblin, 2019).

Current key areas of didactic research in technology particularly include transformation pro-
cesses related to digitalization and artificial intelligence in education (cf. Kl-basierte Anwendungs-
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falle fur die Lernortkooperation, Seufert, 2023), the integration of machine learning and data lit-
eracy into subject teaching (cf. fiir den allgemeinbildenden Technikunterricht, Brandle 2024) as
well as sustainability and education for sustainable development (cf. Frye & Haertel 2024). In our
postmodern society, global knowledge expands at an accelerating rate, doubling every ten years.
Alt states: “Anyone who wants to cope with the flood of globally and digitally accessible
knowledge must develop the skill of critical thinking and discernment.* (Alt 2025, S. 9). In this
context, the proclaimed 21st-century skills also include overarching areas of competence (Voogt
& Roblin 2012; Foster & Piacentini 2023), whose implications for teaching and learning processes
are currently a focus of subject didactics research (cf. zur Computational Thinking, Bahr 2024).
Beyond these emerging topics, researchers continue to explore well-known issues such as the gen-
der gap in STEM and technical disciplines (cf. Bahr 2025). Didactic research in technology inves-
tigates root causes to identify barriers, contributes to evidence-based academic and career guid-
ance, and seeks to promote interest in STEM fields and support talented students through targeted
interventions (cf. Bahr, Brandle & Zinn 2024). While some research areas in didactic technology
are relatively new, others have a longer research tradition (e.g., learning site cooperation) and are
now being examined with new technologies (e.g., Al), approaches, and methodologies (e.g.,
Seufert 2023).

It is evident that the research topics in didactics of technology are diverse and address a wide
range of contributors, topics, and structures within education. The education system in Germany
is highly complex and must constantly question itself regarding the lack of educational equity and
forward-looking educational standards. The causes of the long-standing imbalanced gender repre-
sentation, ethnic groups, and social classes across many professions and degree programs are mul-
tidimensional. In the context of the ongoing development of the education system in Germany,
Maaz observes that the education system is currently being partially overhauled in an action-driven
manner, and “measures are often reactive, based on alarming findings from educational research,
and less proactive with a long-term goal, a vision for our education system in mind. Across all
parts of our education system, there is a lack of coherence in its management.” “Education requires
coherent management that works toward a shared goal and continually questions and evolves it-
self.” (Maaz 2025, pp. 12ff.).

This introduction does not claim to provide a systematic examination of the research areas in
didactics of technology and current challenges. Rather, it aims to provide the reader with an over-
view of the diversity of current topics in didactic research on technology and the challenges within
educational research. Starting from this introduction, the research works in the didactics of tech-
nology in this edition focus on: educational evaluation in general technical education (Chapter 2),
digitalization in teacher education (Chapter 3), interdisciplinarity (Chapter 4), and the shortage of
educators in technical subjects (Chapter 5).

2 Educational Evaluation

In an increasingly technology-driven world, the importance of technical education has expanded
far beyond the traditional boundaries of vocational-technical education in engineering sciences
and technical professions. Technological developments now permeate nearly every aspect of life,
impacting not only specialized professionals but also the general public, who should be familiar
with the fundamental principles of technical systems and digital technologies. This pervasive tech-
nologization presents a fundamental challenge for the education system, as society is becoming
increasingly aware of the necessity for individuals at all levels to be equipped with future-oriented
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competencies in order to navigate and succeed in a rapidly evolving technological landscape.
Technical general education goes far beyond acquiring specific skills for particular professions. It
encompasses an understanding of the underlying mechanisms and principles of technology, the
ability to analyze technological problems and develop solutions, as well as a critical awareness of
the social, ethical, and economic implications of technological change (cf. Grunwald & Hiller-
brand, 2021; Zinn, 2021). With advancing digitalization, automation, and the increasing intercon-
nectivity of systems, it is essential that all members of society possess a certain level of techno-
logical knowledge, along with practical skills and competencies.

To continuously monitor and adapt the quality and relevance of technical education, educa-
tional monitoring in technical education plays a crucial role. Such monitoring enables a well-
founded analysis of educational trends and helps identify existing gaps between educational stand-
ards, industry requirements, and training content. Through regular data collection and evaluation,
targeted measures can be developed to align technical education with the evolving needs of the
labor market and enhance competitiveness. Access to technological education and recurring edu-
cational evaluations not only create opportunities for professional and social integration but also
drive innovation and sustainable growth. In this regard, technical general education and its evalu-
ation must be seen as key factors for participation in an increasingly digitalized world and for
shaping a sustainable future. The focus areas and target groups of evaluations in technical educa-
tion are diverse, encompassing relevant knowledge, skills, competencies, and approaches.

The article in this edition titled ,,People differ in their ability to solve problems with home
automation and appliances — but how can this be researched? A project report* presents the TPL-
basics project, funded by the German Research Foundation (DFG). In this research project, Jen-
nifer Stemmann, Marcus Schrickel, and Carolin Hahnel use a computer-based testing instrument
to examine individuals' competencies in solving technical problems with everyday devices (Stem-
mann, Schrickel & Hahnel 2025). The second empirical paper in this edition, authored by Andrea
Maria Schmid, Markus Rehm, and Dorothee Brovelli, is titled ,,A multidimensional view on Pu-
pils’ Attitudes towards technology based on the PATT-SQ instrument*. It examines the reliability
and validity of the Pupils’ Attitudes Towards Technology — Short Questionnaire (PATT-SQ) in its
German-language adaptation within a study involving 1,165 students. (Schmid, Rehm & Brovelli
2025).

3 Digitalization in Teacher Education

The new digital technologies and the changing landscape of vocational education and training in
the context of digitalization in education require an adapted approach to the initial and continuing
education of teachers. It is clear that teachers must be able to stay up to date with the latest tech-
nologies, integrate new pedagogical approaches, and adapt their teaching in the context of the
transformation process toward digitalization in education, in response to the evolving possibilities
and needs of learners (cf. Van Ackeren et al., 2019). In this edition under the title ,,Development
of a teaching methodology project study — A practical report from the MINTplus? project at TU
Darmstadt™ Tobias Hallenberger and Birgit Ziegler present the project study ,,Digitization in task
and occupation® at TU Darmstadt. The article discusses and analyzes the background, design, im-
plementation, and results of a longitudinal study with students (N = 37) (Hallenberger & Ziegler,
2025). Currently, research on digitalization in education focuses on Educational Technologies,
with particular emphasis on the development of design concepts and the implementation of tech-
nologies such as Virtual Reality (VR), Augmented Reality (AR), Artificial Intelligence (Al), etc.,
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in education and training, as well as the analysis of their impact on the teaching and learning pro-
cess. In this edition, Katharina Kunz, Marcus Brandle, Bernd Zinn, and Sunita Hirsch present an
empirical study titled ,,Moments of Stress in the Virtual Classroom - How Do Future Vocational
Teachers Experience Stress Through 360° Classroom Videos in Virtual Reality?* that explores the
stress perception of prospective vocational school teachers when using 360° classroom videos in
Virtual Reality. The experimental setting tested five classroom videos, in which participants (N =
16) acted in the role of teachers, while their gaze and reactions were recorded through video as
well as psychophysiological data (Kunz, Brandle, Zinn & Hirsch 2025). In another article in this
edition, titled ,,Validity of virtual technical classrooms in terms of knowledge acquisition among
students of the subject technique* Bernd Borgenheimer and Jennifer Stemmann investigate virtual
technical classrooms. They examine whether virtual technical classrooms in higher education can
serve as a substitute for real classrooms by conducting a quasi-experiment that compares
knowledge acquisition and motivation in both virtual and real technical classrooms among stu-
dents. (Borgenheimer & Stemmann 2025).

4 Interdisciplinarity

Interdisciplinarity plays a crucial role in both research and teaching. Technical challenges and
scientific inquiries often require solutions that transcend the boundaries of individual disciplines.
The German Council of Science and Humanities defines interdisciplinarity as follows: “Constitu-
tive for interdisciplinarity in research, in its view, is the interaction of multiple disciplines that
collaboratively address a shared question or problem through an in-depth engagement with the
insights, methods, and research perspectives of the respective fields, aiming for a synthesis of their
results” (Wissenschaftsrat 2020, p. 15). Interdisciplinary approaches aim to provide researchers
and learners with a more comprehensive perspective, enabling them to tackle complex problems
and develop innovative solutions. They foster critical thinking, creative problem-solving skills,
and the ability to collaborate across disciplinary boundaries—competencies that are central to 21st-
century skills (see Chapter 1). The promotion of interdisciplinary thinking in the technical sci-
ences, as well as in general and vocational technical education, is not a new development; rather,
it has been a key aspect of technical didactics for approximately five decades (Ropohl 1976).
Technological advancements and innovations rarely emerge in isolation; instead, they frequently
result from intersections between different disciplines. Technical education must equip learners
with the knowledge, skills, and attitudes necessary to embed technical issues within broader soci-
etal, economic, and ethical contexts. Only in this way can students and apprentices develop a multi-
perspective understanding of the impact of technology and recognize the responsibilities associ-
ated with its application. The traditional boundaries between the natural sciences and the technical
sciences are increasingly blurred within the educational canon. Interdisciplinary subjects that in-
tegrate scientific and technical competencies with social, ethical, and creative perspectives have
become established within the differentiated education systems of various countries. An example
of this is the specialized subject "Natural Sciences, Computer Science, and Technology" (NIT) for
middle and upper secondary education at grammar schools in Baden-Wuerttemberg. In the context
of interdisciplinarity, Tobias Bahr explores in his article to the present issue, titled ,, Interdiscipli-
nary Computer Science courses — between opportunities and challenges!*, an interdisciplinary
subject that combines computer science, mathematics, and physics (IMP) in grammar schools in
Baden-Wuerttemberg. Through an interview study (N = 21) with teachers, he examines the oppor-
tunities, challenges, and limitations of interdisciplinarity within the IMP subject (Bahr 2025a). His
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findings highlight the necessity of specialized interdisciplinary teacher education for the successful
implementation of such subjects.

5 Shortage of Educators

The shortage of educators in vocational and technical subjects has long been a challenge for the
vocational education system. Particularly in fields such as electrical engineering, computer sci-
ence, mechanical engineering, and civil engineering, the demand for qualified educators is signif-
icantly higher than the supply. The causes of the educators’ shortage in vocational and technical
education are varied and have been widely discussed (cf. e.g., JOTED Special Issue Vol. 6 No. 2,
2018; Ziegler 2021). The result of this shortage is that many schools and vocational training insti-
tutions face difficulties in staffing their current classes with sufficiently qualified personnel. This
not only affects the quality of technical education but also the preparation of the next generation
for the demands of a technologized society. To counteract this shortage, long-term strategies are
needed that both strengthen the training of educators in these fields and make the working condi-
tions and prospects for teachers at vocational schools more attractive. In response to the teacher
shortage, the Conference of Ministers of Education and Cultural Affairs (KMK) passed a package
of reforms for teacher education last year, which deviates from previous principles in several areas.
The background for this decision is the ongoing teacher shortage and the desire of the German
federal states to create more flexible pathways to the teaching profession. The resolution now al-
lows the states to qualify single-subject teachers, introduce dual teacher training programs, and
offer master's programs for lateral entrants (KMK 2024). Furthermore, to meet the current demand
for teachers in schools, many teacher apprentices are being employed as substitute teachers. In the
present issue, the empirical study titled “Students as substitute teachers - An empirical survey on
the status quo in the technology teaching study programme” is presented, where Martin Lang and
Marcel Pelz investigate the scope and design of the substitute teacher roles among teacher appren-
tices in the general subject of technology (Lang & Pelz 2025).

6 Conclusion

The various research focuses in technology education demonstrate that digital competencies have
become more prominent in both general and vocational education. The significance of digital com-
petencies in education was officially proclaimed with the strategy ,,Bildung in der digitalen Welt*
by the Conference of Ministers of Education and Cultural Affairs (KMK 2021). Following the
recommendations of the Permanent Scientific Commission of the Conference of Ministers of Ed-
ucation and Cultural Affairs (SWK), computer science is to be introduced as an independent sub-
ject in both lower and upper secondary education. Furthermore, computer science is to be assigned
to the STEM subject group in the context of state requirements for the Abitur examination, and
the educational content is to align with the educational standards for computer science as defined
by the Society for Computer Science (SWK 2022).

The introduction of computer science as a compulsory subject in the canon of general educa-
tion subjects is clearly essential for a future-oriented technical education and can be justified in
several ways. First, by the changes in the working environment, as digitalization is transforming
every sector of professional life. Many technical professions and activities require basic
knowledge in computer science, whether in software development, data analysis, or the use of
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automated systems. Those who are not knowledgeable in computer science run the risk of being
left behind by developments. Second, the promotion of problem-solving skills is another justifica-
tion, as computer science fosters logical thinking and the ability to solve problems. Working with
algorithms, structuring tasks, and developing solutions are skills that are useful not only in com-
puter science but also in many other personal, social, and professional technical fields. Third, the
growing importance of data handling competencies comes into play. In many technical disciplines,
the analysis and processing of data play a central role. Computer science provides the necessary
tools and concepts for managing large amounts of data in engineering, medicine, and business, for
example. Fourth, with a grounding in computer science, the understanding of modern technologies
is made possible. From the Internet of Things to Artificial Intelligence to robotics, modern tech-
nologies that influence our lives and work are based on computer science. A basic understanding
of these is important not only for technological professionals but also for everyone who interacts
with these technologies in society. Fifth, the interdisciplinary application of computer science
competencies forms a central justification. Computer science is no longer an isolated field that
essentially emerged from electrical engineering and mathematics and is often associated with cer-
tain branches of engineering (Schubert & Schwill 2011). It influences many disciplines such as
mechanical engineering, electrical engineering, biotechnology, natural sciences, and medicine, to
name just a few examples. Those working in these fields must possess a certain level of computer
science competencies. Sixth, computer science can promote creativity and innovation. It enables
creative and structured problem-solving. The development of new software, apps, and technical
systems often requires innovative thinking. Those working in technology or technical professions
today must view computer science more than ever as a tool for fostering creativity and innovation.
Knowledge and skills in computer science will therefore become a key competency for both gen-
eral technical and vocational technical education in the future.
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