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Abstract

Project-Based Learning (PBL) is a promising approach for sustainability education. This
study adds to the current state of research by investigating PBL for sustainability in the
German dual vocational system. The objective of this study was to determine (1) which
role, in teaching sustainability, apprentices and pre-service teachers attribute to vocational
schools and teachers and (2) what factors lead to the success of PBL for sustainability. The
research design employs a triangulation approach that combines qualitative data from
interviews and focus groups. The findings indicate that a shortage of resources, such as time
and personnel, poses considerable challenges to PBL for sustainability in vocational schools.
PBL for sustainability is considered an ancillary component that is desirable but does not
align with the vocational school mandate of rapid learning success. Pre-service teachers
acknowledge the significance of networks and learning location cooperation for PBL for
sustainability, while apprentices prioritize the practical implementation of projects. The
study results further demonstrate a strong connection between sustainability and personal
relationships and interactions at school. Research and practice can take our findings as an
opportunity to make greater use of the respective strengths of both learning locations in
working together toward a sustainable future.

Keywords: sustainability education; Project-Based Learning (PBL); pre-service teachers;
Vocational Education and Training (VET); learning location cooperation

1. Introduction

Internationally, there is ongoing discourse surrounding the transition to sustainable
futures, with a growing body of research in this field (e.g., Huber & Schneider, 2022).
Sustainable Development Goal 4.7 emphasizes the importance of preparing individuals to
tackle sustainability challenges through education (United Nations, 2015). However, school
learning does not yet correspond to the requirements of sustainability (e.g., Scheunpflug
et al., 2023). This also applies to Vocational Education and Training (VET), which has seen
increased relevance in sustainability transformation (e.g., Ramsarup et al., 2024).

In this paper, we conceptualize sustainability as a multifaceted concept encompassing
both intra- and intergenerational justice, thereby incorporating ecological, social, and
economic dimensions. Project-Based Learning (PBL) enables learning for sustainability in
VET, delivering the greatest gains in sustainability-skill development compared to other
approaches (Birdman et al., 2022). Dual VET apprentices learn to view issues from multiple
perspectives by grounding their learning in authentic, real-world contexts through PBL.
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Despite the extensive literature on PBL for sustainability-oriented learning (cf. Megayanti
et al., 2020), research on PBL for sustainability in dual VET is scarce.

In the German dual system!, the workplace and vocational school are both crucial
institutions for consideration of sustainability. The dual system is an interesting subject
for research, as real-world connections and collaborations play a much stronger role than
in the university or school system. In the workplace, PBL uses real-world sustainability
projects as learning occasions, whereas at school, projects are staged in a more artificial
setting. Vocational school, in turn, can address topics that the company does not currently
prioritize, given that school is not contingent upon economic gain. While the German
literature already provides a detailed definition of what constitutes a sustainable learning
environment in companies (e.g., Feichtenbeiner et al., 2022; Lambini et al., 2021), there is a
lack of clarity regarding the role of vocational schools in sustainability education. At the
same time, the sustainability-skill requirements for vocational training staff are much better
defined than those for vocational school teachers (e.g., Beer et al., 2024; Lambini et al., 2021).
This article therefore answers the following questions: Which role in teaching sustainability
do apprentices and pre-service teachers (i.e., students enrolled in a teacher education
program) attribute to vocational schools and teachers? Which factors enable successful
PBL for sustainability in the German dual VET system, as perceived by apprentices and
pre-service teachers?

We examine and answer these questions using the financial services and information
technology (IT) sectors as examples, since a sector-specific approach to sustainability
education has emerged as state of the art in the German VET discourse (cf., e.g., Beer
et al., 2024; Strotmann et al., 2024). These sectors are critical for sustainability in the
German economy, as their products and services have cross-sectoral effects on the location
of investments and the organization of workflows (e.g., Bengtsson & Agerfalk, 2011; Dec
& Masiukiewicz, 2021). The financial services industry’s established emphasis on dual
VET for securing skilled labor, contrasted with the IT industry’s recent and unconventional
embrace of vocational qualifications, underscores the unique and divergent nature of VET
in these sectors, making them particularly interesting for study. The industries also differ
in that the IT sector operates with a project-based work structure, whereas the financial
services industry relies predominantly on standardized, process-driven workflows.

2. Project-Based Learning for Sustainability in VET

This section reviews current research on PBL in sustainability education and VET,
identifies the research gap, establishes the theoretical foundation for the study, and presents
the context of the study (i.e., the German dual VET system).

2.1. State of Research on PBL in Sustainability Education and in the VET Context

PBL, a student-centered instructional method, enables apprentices to learn how to
consider sustainability in their daily work. Consequently, PBL is a widely endorsed
pedagogy for sustainability education (Birdman et al., 2022) and a context-specific learning
model, which involves learners’ active engagement in authentic, real-world challenges
(Kokotsaki et al., 2016; Lee et al., 2014). These challenges necessitate social interactions and
knowledge exchange. For example, apprentices at vocational schools could collaborate to
design, prototype, and test a cloud-based application that meets carbon-footprint targets.
They could use authentic data, industry-standard tools, and receive iterative feedback
from a partner company. The teacher would play an essential role as a facilitator, linking
classroom theory (e.g., sustainability metrics) to the project milestones.
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Learning by doing facilitates learners’ ability to untangle the complexity of sustainabil-
ity (Nation, 2008). To achieve the cloud-based application of our example, it is necessary
to carefully consider performance, scalability, and reliability in addition to environmental
(e.g., sustainable coding) and social (e.g., accessibility standards) aspects. PBL in vocational
schools faces various obstacles including inappropriate assessment, time constraints, poor
performance measurement, teachers’ skill gaps, weak real-world connections, and lack of
awareness regarding teachers’ specific roles in PBL, with teachers’ roles, industry collabora-
tions and contextual factors shaping the effectiveness of PBL for sustainability (Gessler &
Sebe-Opfermann, 2018; Lee et al., 2014; Liu, 2019; Lyu et al., 2025; Megayanti et al., 2020).
In particular, the identification of a suitable partner with an authentic, real-world problem
that can be accommodated within an academic schedule is challenging.

There are notable similarities between sustainability education and PBL, particularly
in their emphasis on the practical relevance of societal practices, social learning, autonomy;,
and interdisciplinarity (e.g., Gudjons, 2008; Kokotsaki et al., 2016; Weijzen et al., 2024).
Through PBL in higher education and VET, students do not only develop key skills for
sustainability (Birdman et al., 2022; Lozano et al., 2017, 2019; Megayanti et al., 2020).
Birdman et al. (2022) have even demonstrated that learners develop these skills to a
greater extent than through any other learning activity. This skill growth occurs especially
in relation to the complexity of real-world challenges, collaborative processes, solution-
oriented stakeholder engagement, and transfer of knowledge into practice. Studies have
identified a substantial positive shift in attitudes towards sustainability through PBL among
university and VET students (Derkach et al., 2023; Perrault & Albert, 2018). Research has
further demonstrated that PBL has a positive impact on the behavioral changes exhibited by
student teachers in regard to environmental protection (Kiling, 2010). PBL therefore enables
changes in behavior and attitudes, two areas that are heavily debated in sustainability
education (Scheunpflug et al., 2016).

A synthesis of extant research reveals that the discourse discusses PBL as a promising
approach for sustainability education due to the positive findings on skill development,
attitude development, and behavioral change. However, most studies on PBL for sus-
tainability refer to vocational education at higher education institutions, not in dual VET
(e.g., Lyu et al., 2025). Real-world connection, collaboration, and student autonomy are
central characteristics of PBL, while time management and authenticity are some of its
greatest challenges.

2.2. Desideratum: Roles and Success Factors in Teaching Sustainability in German VET

This study adds to the current state of research by investigating PBL for sustainabil-
ity in the German dual system. Within this system, which we regard as a hierarchical
model based on Bronfenbrenner’s (1981) ecological systems theory, vocational schools and
companies function as distinct learning environments. These entities should complement
each other and cooperate in accordance with regulatory principles (BIBB, 2023). Despite
cooperation being central to dual VET in theory, practice shows weak company-school ties
(Gessler, 2017).

Notwithstanding the considerable body of literature that exists on PBL, studies are
mostly not conducted in the context of dual VET (see above). We can only partially apply
the existing results to dual VET, which offers strong potential for real-world connections
through company-school cooperation, thereby solving one of the major challenges in
PBL (Lee et al.,, 2014). To our knowledge, there are currently no empirical findings on
success factors to facilitate PBL for sustainability in dual VET. Additionally, there is a
paucity of research addressing the roles of vocational schools and their teachers in teaching
sustainability. The prevailing focus has been on the role of educational staff and the
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conditions necessary for success in the workplace as a learning environment in VET (see
above). This focus is due to companies” dominant role in dual training and extensive third-
party funding programs focused on companies. This study therefore (1) explores the role of
teachers and vocational schools in teaching sustainability and (2) examines institutional and
pedagogical factors that enable successful PBL for sustainability in the German dual VET
system. The study is predicated on the premise that the implementation of sustainability in
VET is a task for educational practice, as assigned by policy recommendations (e.g., United
Nations, 2015).

3. Data and Methods

The qualitative, exploratory research design employs a triangulation approach that
combines different data sources to address the two research questions. The following
subsections describe the sampling and data collection (Section 3.1) and the data analysis
approach (Section 3.2).

3.1. Sampling and Data Collection

We collected qualitative data from apprentices and pre-service teachers. Considering
apprentices’ perspectives is fundamental because they are the primary beneficiaries of
vocational educational settings. This also avoids the risk that educators might overestimate
the quality and quantity of PBL opportunities while uniquely assessing which school-based
activities feel authentic, useful, and transferable to real-world sustainability challenges due
to their immediate application needs.

The understanding of pre-service teachers’ views on teaching sustainability is essential,
as they permit a focus on the potential impact on the future in our study and show what
is needed in teacher education. Their beliefs and approaches directly influence how they
incorporate sustainability into the curriculum. Pre-service teachers’ conceptualizations of
the teaching role are less influenced by institutional inertia than those of current teachers.
They exhibit a greater degree of receptivity to innovative approaches, such as PBL and
sustainability-focused pedagogy. Their subjective understanding of the role of teachers
in implementing PBL for sustainability is therefore linked to how such learning will be
implemented in vocational schools in the future.

The potential of triangulating data from those groups lies in the systematic combi-
nation of diverse perspectives and consideration of various aspects (Flick, 2018). While
interviews with apprentices capture the perspectives of individuals in depth, focus groups
with pre-service teachers obtain many different perspectives on PBL for sustainability. By
combining both, we can gain further-reaching insights than by applying one data collection
technique (Flick, 2018).

We interviewed 15 apprentices from 15 companies in a partially standardized guided
interview. The selection criteria included the company’s affiliation with the IT or financial
services industry and prior experience with PBL and sustainability as part of their dual
training (e.g., in the form of implementing a resource conservation project within the
company or a project on selling sustainable financial products at a vocational school). To
reach a diverse group of apprentices and avoid potential sampling biases, the study was
framed as an exploration of learning in companies and schools through projects, with
sustainability presented as one important dimension of this broader context. The sample
consisted of eight participants from the IT sector and seven from the financial services
sector (two females and 13 males), including four in their first year, five in their second
year, and six in their third year of training. Participants hailed from a variety of vocational
schools and states, covered a range of occupations in both sectors, and were around 20 years
old. We first asked the apprentices about the importance of sustainability for them and in
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their apprenticeship, followed by questions on their autonomy in addressing sustainability
at vocational schools, their perceived opportunities for co-determination to sustainability,
and their experience with PBL for sustainability at vocational schools.

To gain insight into pre-service teachers’ perspectives, we conducted two focus-group
interviews with a total of 15 students from the same German university who took part in
two different university courses that dealt with sustainability in the professionalization of
teachers. Both courses employed project-based methods of sustainability education (e.g.,
design of prototypes for sustainability-oriented teaching). The students studied various
education-related degree programs. The first focus group consisted of six students (five
females and one male). They were around 22 years old. The second group consisted of nine
master’s students (three females and six males) who were around 25 years old. Although
the focus groups took place in a university setting, no staff members who were superior
to the students and who assessed their academic performance were present to prevent
any biased answers. A trained moderator led each focus group, accompanied by a trained
observer. This study analyzed only the transcripts, while observation protocols helped
clarify any unclear context.

Participation in the interviews and focus groups was voluntary and anonymous. We
transcribed the audio recordings from the interviews and focus groups verbatim and
smoothed them out linguistically (Mayring, 2014).

3.2. Data Analysis

We collectively analyzed the data from interviews and focus groups with apprentices
and pre-service teachers in a triangulation approach. This integration of two data sources
enables the recognition of subjectivity in its multifaceted and contradictory forms (Flick,
2018). We formed categories using the MAXQDA 24 software following Mayring’s (2014)
qualitative content analysis. In creating categories, we draw on systematic literature reviews
on PBL in schools and VET by Kokotsaki et al. (2016) and Megayanti et al. (2020), on
the programmatic characteristics of PBL by Gudjons (2008), and on the study of PBL in
vocational schools by Gessler and Sebe-Opfermann (2018). With regard to sustainability
education, we draw on the contributions by Holst et al. (2023, 2025), Stern et al. (2018), Vare
et al. (2019), Wagner et al. (2025), and Weijzen et al. (2024). We thus combine theoretical
foundations from VET research, research on sustainability education, and research on
PBL. In cases where these categories did not cover the material, we additionally formed
inductive categories. We examined a comparison of the two sectors, but we found no
differences in cases.

We defined coding rules for the preliminary category system before four people
coded the data. Afterwards, peers in teams of two posed probing questions, challenged
assumptions, identified potential biases, and offered alternative interpretations. Following
this process of peer debriefing, questionable passages were discussed within the group of
four coders. The results were presented to the authors, who refined the category system in
a final round of coding through dialogue. This communicative validation process involved
the authors engaging in critical discussion and working toward consensus on the final
category system. We present and discuss the key findings in the subsequent chapter. For
a comprehensive overview of the category system’s primary categories, please refer to
Table 1. We have numbered the interviews consecutively for anonymization and refer to
these numbers below. The authors have translated all quotations from German.
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Table 1. Roles and success factors in PBL for sustainability.

Apprentices Pre-Service Teachers
School /Teacher Role . Complementa?y' role e Role model
e Venue for receiving knowledge e Self-acceptance
e Topic repetition e Learning companion
o Technical expertise development e Project advocacy
e Practical relevance
e Rapid learning success
Success Factors e Real-world connection e Networks
e Learning location cooperation e Individualization
o Interactivity o Interdisciplinarity
e Strong relationship e Strong relationship
e Balance of autonomy and guidance e Balance of autonomy and guidance
e Open communication culture e Open communication culture
e Respectful behavior e Motivation
e Resources

4. Results: Roles and Success Factors in Sustainability Education

The following subsections address the two research questions concerning the role
of vocational schools and VET teachers in teaching sustainability (Section 4.1) and the
institutional and pedagogical factors enabling successful PBL for sustainability in the
German dual VET system (Section 4.2).

4.1. The Role of Vocational Schools and VET Teachers in Teaching Sustainability

To address research question one, the study firstly considers the perspectives of
apprentices on the role of vocational schools and secondly considers the perspectives of
pre-service teachers on the VET teachers’ role.

4.1.1. Apprentices’ Perspectives on Vocational Schools” Role in Teaching Sustainability

Vocational schools are perceived to function in a complementary manner to in-company
training. The apprentices say that it mainly repeats topics from in-company training: “We
learn in the company and then review the same topics at vocational school. At such times,
we often already know ourselves which answer is correct. [...] So sometimes there are
overlaps, and it’s not always positive.” (interview [int.] 1, position [pos.] 318). Vocational
schools are distinguished by their emphasis on the development of technical expertise for
sustainability amongst apprentices: “It [vocational school] is more technical, you learn
[...] the technical terms and so on” (int. 2, pos. 496). A further function is to ensure the
practical relevance of apprenticeships by addressing the practical aspect of sustainability. For
example, an apprentice describes a situation in which a request for a practical example
facilitated their understanding;:

“We simply asked: ‘Hey, why don’t you give us a practical example,” and then
we’ve also explained, ‘then we can visualize it better. We have a reference to
reality.” And then that was also implemented and then it simplified things.” (int. 5,
pos. 484)

Vocational schools are perceived primarily as venues for receiving knowledge, as this
quotation shows: “School is a place for learning. And the teacher teaches you something,
so to speak, and that’s why you're the student and don’t tell the teacher what to do” (int. 12,
pos. 72). The quotation emphasizes the limited agency of students in vocational schools,
portraying these institutions as predominantly unidirectional in their educational approach.
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The role of the school is also to achieve rapid learning success with sustainability. In
interviews 2, 4, 5, 6, 8, and 12, the lack of time was identified as a defining factor in the
role of vocational schools in teaching sustainability. Sustainability in general is addressed
“when there is time” (int. 12, pos. 23), and related projects are not seen as part of the
curriculum, as this example shows: “Then [when doing a project on sustainability], you
fall behind with the lessons again and have to cancel some of them,” (int. 4, pos. 23). PBL
is associated with a high time investment because students think there is a ready-made
solution that can be presented more quickly than conducting a project, as clearly illustrated
by this quotation:

“Yes, you can probably make the lessons more active and let the students work
through the material themselves, but it always depends on how much time you
have. Because it’s faster when the teacher chews it over for you and you just have
to learn it. Instead of working it out for yourself, because if you find something
wrong, it’s a bit pointless, yes.” (int. 12, pos 78)

For PBL for sustainability, vocational schools would have to fundamentally revise their
existing teaching and learning concepts, as this quotation shows: “From my experience
of the apprenticeship so far, the very linearly planned teaching concept would have to
be completely restructured and switched to clear working through small groups” (int. 9,
pos. 365).

In summary, the function of vocational schools in teaching sustainability is mainly
to strive for apprentices’ passive assimilation of pre-existing knowledge with limited
opportunities for interactive learning. PBL for sustainability is anticipated to require
substantial time investment. Vocational schools primarily replicate in-company training
content and serve as a complement to companies.

4.1.2. Pre-Service Teachers’ Perspectives on Teachers’ Role in Teaching Sustainability

Teachers should act as a role model and thereby be intrinsically motivated to engage
in sustainable practices, while simultaneously inspiring others to act similarly without
compulsion, as this quotation shows: “You really have to start early and should also
be intrinsically motivated so that they do something for the environment, for example.
And that it’s not perceived as coercion.” (focus group [fg] 1, pos. 493, participant [p.] 3).
However, it is also essential that teachers embody a certain degree of self-acceptance by
demonstrating that it is acceptable to not always act in a consistently sustainable manner,
as this statement underscores:

“I also think it’s important to convey to myself that there is no such thing as black
and white. Either I am totally sustainable or not. Instead, it’s okay if you can’t
reconcile certain things with yourself or [...] don’t want to. That’s totally okay.”
(fg 1, pos. 1009, p. 5)

This is particularly relevant because the role model function can lead to conflicts, as
this quotation shows:

“Can I advocate this [to go by plane] if I am actually in favor of something like
decarbonization, vegan, vegetarian food, if I want to teach my students later that
we need something like solar plants and wind turbines? Am I allowed to do that?
Or am I not allowed to? These are completely normal questions that each and
every one of us has. I think it’s perhaps also a matter of finding a balance for
yourself, because I think I personally find it difficult to just do it perfectly on all
points.”. (fg 1, pos. 959, p. 4)

A self-accepting attitude gives teachers the chance to catch up on missing technical
knowledge independently, as this example problematizes: “I don’t have the technical
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expertise in sustainability, but I think we hopefully learned how to do the right research
and how to find your way into the topic during our studies” (fg 2, pos. 591, p. 4).

Teachers should furthermore regard themselves as a learning companion for apprentices,
which is defined “as someone who stands aside in the respective learning process, [...]
and tries to help” (fg 1, pos. 61, p. 4), possibly “as a kind of moderator” (fg 2, pos. 514,
p. 6), who “knows their own limits” (fg 1, pos. 765, p. 3). Shared responsibility with the
students is implied by this, as this quotation illustrates: “You don’t always have to decide
everything on your own. [...] You can also very, very often simply involve the kids” (fg 1,
pos. 336, p. 3).

Finally, pre-service teachers perceive their role to be one of advocating for projects
in external settings, as this example shows: “It is necessary to show assertiveness, also
towards the school management and companies. [...] It is particularly important to be [. . .]
convinced of the project” (fg 2, pos. 503, p. 3).

To summarize, the role of teachers is twofold: first, to serve as a role model in the field
of sustainability education, and second, to demonstrate self-acceptance regarding their
own behavior. They function as a learning companion, advocating for projects externally.
Now that the roles have been differentiated more precisely, the following section deals with
factors for successful PBL for sustainability.

4.2. Factors for Successful Project-Based Learning for Sustainability in German Dual VET

To address research question two, the study firstly considers the perspectives of ap-
prentices and secondly considers the perspectives of pre-service teachers on success factors.

4.2.1. Apprentices’ Perspectives on Success Factors for Project-Based Learning for Sustainability

PBL for sustainability is successful from apprentices’ perspectives, if real-world con-
nection is given, as this quotation shows: “So not just fictional scenarios that are worked
on in class, but perhaps truly relevant topics or real problems that need to be solved.”
(int. 15, pos. 399). Particular emphasis is placed on the desire for projects to actually be
implemented. In Interview No. 10, cooperation between learning locations is suggested as a
possible way to ensure a real-world connection:

“So what I would really love to see, for example, would be companies writing to
schools and saying, yes, we would like to have something like this as a project.
And then the students could work on projects in their classes, in groups, or
something like that, with complete freedom and the support of their teachers,
and then submit them to the companies. And then the company could choose a
project, for example. That would be really cool for all the students, too, because
they would have actually done something that is implemented in the real world.”
(int. 10, pos. 239)

Interactivity further supports the feeling to contribute to actual, tangible outcomes:
“the feeling of being able to make a difference arises when lessons are interactive” (int. 7,
pos. 229). Interactivity also has a motivational function. One apprentice draws the following
conclusion from an experience with PBL: “Interactivity also made the whole thing more
fun and you were somehow a bit more motivated and wanted to listen or do the tasks, to
deal with the topic in depth.” (int. 8, pos. 826)

Furthermore, a strong student—teacher relationship is important. In the absence of such a
relationship, apprentices may feel unable to contribute to the educational setting, as this
quotation illustrates: “The relationship is not personal, so I don’t have the feeling that I can
have a say or contribute anything.” (int. 2, pos. 483). This relationship can be enhanced
by PBL for sustainability, as one apprentice reflects from an experience: “The relationship
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between teachers and students improved, and you got the feeling that you belonged to the
community.” (int. 3, pos. 13)

For PBL for sustainability to be successful, apprentices view a balance between autonomy
and guidance as important. Autonomy granted to apprentices, such as the “option to work
freely” (int. 7, pos. 250), is preferred: “I think it’s better, of course, if you deal with the issue
yourself instead of just being told about it” (int. 15, pos. 443). Nevertheless, some guidance
is necessary, as described: “It is very motivating for me to have clearly defined the various
requirements in advance, as I then have a fixed roadmap for where I am going or at least
can already see a rough path.” (int. 9, pos. 305). Giving guidance also involves clarifying
“how much time this will take.” (int. 12, pos. 96).

PBL for sustainability can be successful if learning environments are characterized
by an open and constructive culture of communication. The material sets out a series of
principles that define this culture of communication, including being open (int. 6), defining
clear responsibilities (int. 6), finding compromises (int. 8), establishing an open feedback
culture (int. 13) and communicating on equal terms (int. 15). Another cultural aspect is the
expectation of respectful behavior to meet sustainability standards: “Above all, you also have
to say that sustainability is not just the kind of practical behavior of living sustainably, but
I think it also involves a lot of social aspects, so simply treating each other with respect”
(int. 8, pos. 116). A culture of respect is required between teachers and learners and within
the learners’ group when working collaboratively.

To summarize, a combination of real-world connections, a balanced approach to auton-
omy and guidance, and an open and constructive culture of communication are key factors
that enhance motivation for PBL for sustainability from apprentices’ perspectives. Real-
world connection is contingent on cooperation between learning locations, interactivity,
and a strong student-teacher relationship.

4.2.2. Pre-Service Teachers’ Perspectives on Success Factors for Project-Based Learning
for Sustainability

From pre-service teachers’ perspectives, networks are important for PBL for sustain-
ability, as this quotation shows: “A lot has to be clarified beforehand and especially among
colleagues: ‘Hey, I would do a project week, but I would definitely need people to go
along.” (fg 1, pos. 687, p. 5). These networks include internal connections at school
and learning location cooperation. For pre-service teachers, it is considered particularly
important to meet learners individually, taking into account their interests and current
level of learning: “To pick up pupils at their respective locations, i.e., to accompany them
individually and appropriately” (fg 1, pos. 758, p. 4). Interdisciplinarity is a way to ensure
individuality, as the following quotation illustrates: “to break away from discipline-specific
approaches and perhaps simply to start thinking independently again as an individual
or private person” (fg 2, pos. 126, p. 1). Networks and interdisciplinarity help to address
sustainability as a complex, multifaceted topic from different perspectives.

An appropriate balance between autonomy and guidance is also considered an important
success factor, as the following quotation shows: “That is perhaps also our task, that we
somehow give impulses, but that it is still so interactive that [the apprentices] can contribute
independently” (fg 1, pos. 69, p. 3). In interdisciplinary settings in particular, a specific task
is helpful as a point of reference.

Pre-service teachers feel responsible for building strong student—teacher relationships:
“I think you just have to make sure that [...] you don’t just look at the project, but also at
the student” (fg 2, pos. 238, p. 4). An open and constructive culture of communication is also
required for PBL for sustainability, as this quotation shows: “Also openness, that you're
not so completely set in your ways and deny the youths all their ideas straight away.”
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(fg 1, pos. 749, p. 1). Since sustainability carries the risk of generational conflict, open and
constructive communication is seen as one way to overcome problems in PBL.

Pre-service teachers attribute the success factor of motivation both to themselves and
to the apprentices, as illustrated by the following quotations: “Yes, and we also need
motivated students, which is often where we fall short” (fg 2, pos. 228, p. 6); “So you [as a
teacher] really have to [. . .] be intrinsically motivated to do something for the environment.”
(fg 1, pos. 493, p. 3). Achieving motivation among learners is even described as the “main
goal” (fg 1, pos. 224, p. 2) of PBL for sustainability. Another aspect is the availability of
various resources, such as time, money, and personnel (fg 2, pos. 221, p. 3, p. 4, p. 5).
Resource management is referred to as “the most important thing” in focus group two
(pos. 223, p. 3).

Table 1 provides a concise overview of the overall results. Several categories are con-
sistent across the apprentices’ and pre-service teachers’ perspectives, including a balance
between autonomy and guidance, a strong student—teacher relationship, and an open and
constructive culture of communication. The responsibility for establishing relationships
and a respectful communication culture is primarily attributed to teachers. The perspective
of pre-service teachers complements the perspective of apprentices by drawing connections
between interdisciplinarity, relationship building, and balancing autonomy and guidance.
While pre-service teachers’ statements refer to motivation (of learners and teachers) and
resource management, apprentices place stronger emphasis on interactivity and the voca-
tional school’s complementary role to in-company training, which is to deliver knowledge,
repeat topics, develop technical expertise, establish practical relevance and ensure rapid
learning success.

Overall, three recurring aspects in the categories prove to be particularly influential
for PBL for sustainability in dual VET: Firstly, the emphasis on rapid learning success, the
prioritization of resources, and the depiction of vocational school as repetitive and devoid
of interactivity underscore the prevailing scarcity of resources as one predominant factor.
Secondly, the prioritization of practical relevance, real-world connections, interschool
networks, cooperations, and interdisciplinarity indicates that learning location cooperation is
a crucial factor. Thirdly, the learning companion role, the emphasis on strong relationships,
and the definition of how to balance autonomy and guidance, as well as the motivational
and cultural aspects, demonstrate that relationship building should be prioritized. The
following discussion will address these three key findings in the context of the prevailing
discourse and their ramifications for research and practice.

5. Discussion: Resource Management, Cooperation and Relationship
Building at Vocational Schools

The findings revealed that a lack of resources poses significant challenges to PBL for
sustainability. Apprentices express a common concern that PBL for sustainability requires
considerable time. They perceive vocational schools primarily as environments for passive
knowledge reception while simultaneously acknowledging the benefits of interactivity.
Other studies have identified a demand for innovative teaching methods in VET (e.g.,
Ostuni, 2025). In addition to time constraints, the interviewees also identify financial re-
sources and staffing as further challenges. Lack of time and personnel are challenges known
in the discourses on sustainability education (e.g., Holst et al., 2025; Wagner et al., 2025),
PBL in VET (e.g., Gessler & Sebe-Opfermann, 2018), and learning location collaboration
in VET (e.g., Schwede et al., 2025). It is also well known that sustainability is frequently
regarded as a supplementary element of educational settings (e.g., Holst et al., 2023). Con-
sidering these findings, it is unsurprising that our participants predominantly regard PBL
for sustainability as a resource expender that is desirable but does not align with the voca-
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tional school mandate of rapid learning success. These insights underscore the necessity
of equipping vocational schools with adequate resources while overcoming the tendency
to view sustainability-oriented teaching approaches as a time-consuming add-on instead
of a part of the regular curriculum. Given the significant impact of school leadership on
resource management and educational reforms (cf. Huber & Pruitt, 2024), further research
is necessary to examine the role of school principals in promoting PBL for sustainability.
Such research may build on the increasingly extensive discourse on sustainability in school
leadership (see Huber & Schneider, 2022, for a review of the literature). Incorporating
additional stakeholders, such as current vocational school teachers, would help ensure a
comprehensive evaluation.

PBL for sustainability and learning location cooperation go hand in hand, as the results
show. Pre-service teachers consider internal and external networks important, while ap-
prentices consider external partnerships that connect them to the real world valuable. In
our study, we see vocational schools reduced to technical aspects. The practical part of the
dual training serves as the baseline, which is then built upon in school. This description of
a complementary function of schools indicates that the decades-old assumption that on-the-
job training took place in companies and that theoretical training and follow-up work took
place in schools (Sloane, 2022) remains prevalent, with the addition that practical relevance
is strongly expected at vocational schools. Schools rarely exploit the potential to take up
real learning opportunities from the training companies. This is especially problematic
and unfortunate in dual VET. While higher education typically relies on the establishment
of real-world connections through artificial means, dual VET is characterized by practical
learning situations that offer a more authentic and hands-on learning experience. Interfaces
are often where sustainability skills develop, which is why cooperation across fields and
education levels is important (Holm et al., 2017). Accordingly, collaborating with compa-
nies in PBL enhances the development of sustainability skills (Lyu et al., 2025). VET offers
particular potential for interdisciplinarity and transdisciplinarity—two important princi-
ples in sustainability education (e.g., Vare et al., 2019; Weijzen et al., 2024). In fact, learning
location cooperation embodies transdisciplinarity by integrating diverse knowledge, fos-
tering stakeholder collaboration, focusing on real-world problem-solving, and creating
holistic educational experiences that emphasize connections across various fields. Our
study highlights real-world connection as a key driver of successful PBL for sustainability,
and the literature likewise notes that incorporating concrete workplace sustainability issues
makes the topic more relevant for learners (e.g., Coll et al., 2003; Corvers et al., 2016; Weijzen
et al., 2024). In the German dual system, company trainers primarily bear responsibility for
learning location cooperation (BIBB, 2023), while teachers are expected to facilitate collabo-
rations in sustainability education (Vare et al., 2019). The data indicates that pre-service
teachers recognize the necessity of cooperation. However, cooperation opportunities and
the different focuses of learning locations are rarely acknowledged. One advantage of
vocational schools in comparison to companies is that they are less tied to the logic of
utilization in learning sustainability. Research and practice can leverage our findings to
strengthen cooperation between the two learning locations. The collaboration potential
between them has long been underutilized (Gessler, 2017), and sustainability-focused
teaching underscores the importance of cooperation. There is potential for cooperation
not only between learning locations, but also among teaching staff at schools, as our study
and other international studies demonstrate (e.g., Ostuni, 2025). Further research should
incorporate a diverse array of stakeholders, including company training and school staff,
to assess cooperation potential in more detail.

Both actor groups place significant emphasis on the importance of relationships. Specifi-
cally, teachers are expected to adopt a learning companion role, adeptly balancing autonomy
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and guidance. Meanwhile, schools are charged with fostering agency through motivational
and cultural aspects. While PBL creates positive relationships between apprentices and
teachers, this positive relationship also serves as a success factor for PBL for sustainability.
In addition, the results reveal a strong relationship between the student-teacher relation-
ship and students’ involvement at school. Apprentices have highlighted that sustainability
goes beyond the practical application of sustainable living to include relational aspects
like interacting with peers and supervisors. The importance of autonomy, respect, and
accessibility in sustainability education has been well established (e.g., Vare et al., 2019).
Many other studies highlight balancing direct instruction with independent inquiry and
student autonomy as key PBL success factors (see Kokotsaki et al., 2016, for a review of the
literature). This study now brings these findings together and shows that relationships and
culture play a greater role in PBL for sustainability than previously assumed. This shows
that, as Bronfenbrenner (1981) suggests, specific environmental factors shape learning situa-
tions. Major cultural trends affect vocational schools, such as those toward a positive failure
culture or toward a sustainable lifestyle. Interestingly, although participants mention the
role model function of teachers—whose importance for sustainability outcomes is well
known from previous research (e.g., Stern et al., 2018)—this function remains less relevant
in relation to relationship aspects and is weakened by the fact that pre-service teachers do
not aspire to have a perfectly sustainable lifestyle. Instead, they appreciate that PBL allows
them to share responsibility with apprentices.

Student involvement can support learning for sustainability. However, the schools’
approach fails to address the apprentices on a personal level, thereby preventing them
from developing a sense of involvement. Students are instead afraid of making mistakes.
The dearth of personal relationships may engender a sense of disempowerment, whereby
students feel they are unable to contribute to their education. This issue is problematic
because the extant literature considers participation to be essential for sustainability (e.g.,
Leessoe, 2010). It is also known that social support and access strongly determine action,
while knowledge has a negligible effect (Albarracin et al., 2024). Establishing relationships
that encourage autonomy and a sense of purpose is therefore particularly important when
it comes to sustainable action. Suggested solutions to promote ownership of learning arise
directly from the data: It is the responsibility of teachers to act as learning companions,
being a point of contact at critical points, thereby finding an optimal balance between
autonomy and guidance, a balance that is reciprocal and interdependent. However, research
also shows that apprentices reject progressive roles and apparently prefer traditional
teaching and role concepts at school (Keller & Raemy, 2025). Supporting learners in their
self-directed learning is therefore not always easy for teachers, and the current role of
negotiation is not only up to teachers, but also to apprentices. Vocational schools should
reposition themselves within the VET system and go beyond being venues for receiving
knowledge. Instead, they should act as collaborative environments where students have
a voice in decision-making and shaping their educational experiences. Our study shows
that a systematic implementation of PBL for sustainability in vocational schools fosters
positive teacher—student relationships, thereby facilitating autonomy and engagement
among students. These factors can ultimately yield sustainable actions. It is however
important to note that PBL does not always include a high degree of autonomy. PBL
is defined more by the duration of the project than by the degree of autonomy (e.g.,
Megayanti et al., 2020). Further studies are needed to develop more detailed didactic
recommendations based on our success factors. Involving current teachers, who may be
influenced by institutional inertia and exhibit a lesser degree of receptivity to innovative
approaches, could be helpful to ensure their acceptance of such approaches.
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This study contains several potential sampling biases that should be acknowledged
when interpreting the findings. Participants who chose to engage were more likely to
be interested in PBL and sustainability, motivated to share their perspectives, or have
stronger opinions about the topic than those who declined. This means the sample may
overrepresent individuals with a strong interest or opinion on the topic, potentially skewing
the findings toward more positive or engaged perspectives on sustainability education
and PBL. Participants of the focus groups were limited to those who actively chose to
enroll in sustainability-focused courses, rather than representing the broader population
of pre-service teachers. These students are likely to have more positive attitudes toward
sustainability education and greater exposure to sustainability than pre-service teachers
who did not take these specific courses. The findings may not generalize to pre-service
teachers who received minimal or no sustainability training in their teacher education
programs. Future research could address this limitation by implementing diverse access
routes, such as recruiting pre-service teachers from both sustainability-focused and gen-
eral teacher education courses. Active, tailored outreach efforts (e.g., customized digital
approaches) have the potential to ensure representation of apprentices across a range of
sustainability and PBL exposure levels. The study focused on apprentices from the IT and
financial services sectors, which may not represent other sectors with different sustainability
challenges, practices, and educational approaches. A more holistic picture could be created
by considering other sectors and professions in further studies. An investigation into the
effectiveness of PBL for sustainability—that is, the actual effects on learning outcomes,
professional practice, or corporate sustainability performance—would require different
empirical designs and represent a desideratum.

6. Conclusions

PBL has been identified as a promising method for sustainability education in VET,
demonstrating higher gains in sustainability-skill development in comparison to alternative
approaches. Despite the extensive literature on PBL for sustainability, research specifically
focusing on dual VET—particularly regarding the roles of vocational schools and teachers
and success factors—remains scarce. The dual VET system is a critical yet underexplored
context for sustainability education research. It uniquely enables real-world connections
through collaboration between workplace and school settings, allowing authentic and
transdisciplinary sustainability education through projects.

The insight that real-world connections and learning location collaboration enable
authentic PBL for sustainability is highly transferable to countries with strong VET systems
(such as Switzerland, Austria, France, and the Netherlands) since they share similar struc-
tural elements where workplace learning and school-based instruction coexist. However,
the specific role of vocational schools as complementary to workplace training may vary
depending on national VET structures. In systems where vocational schools have more
autonomy, the school’s role might be more transformative rather than complementary. The
finding that relationships and culture play a greater role in PBL for sustainability than
previously assumed is universally applicable across educational contexts, as relational
dynamics are fundamental to learning regardless of national boundaries. The resource
constraints identified (particularly time and personnel shortages) are likely to be common
challenges in sustainability education across most VET systems, making this finding highly
transferable. We see funding potential on the part of companies here, as they have an
interest in promoting sustainability in schools.

The most significant adaptation needed for transferability would be recognizing that
in countries without a dual system, vocational schools may need to actively create the
real-world connections that the German dual system inherently provides. In these contexts,
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1

the school’s role would need to be more proactive in establishing workplace partnerships
to achieve the same authentic learning experiences. In addition to the institutionalization
of employer partnerships, our findings suggest that schools should strongly incorporate
authentic, work-based learning into their curricula.

Ultimately, the study demonstrates that when vocational schools intentionally lever-
age their system’s inherent real-world connections and collaborative potential through PBL,
they can transform from passive knowledge venues into active sustainability catalysts. This
transformative potential is applicable to any VET system that can establish meaningful
workplace-school connections. By centering apprentices” and pre-service teachers’ perspec-
tives, we reveal that intentional learning location collaboration unlocks PBL’s potential to
foster sustainability engagement and action within (German) dual VET. PBL for sustain-
ability has the potential to empower apprentices to become sustainability agents who can
navigate complex challenges with relational awareness, considering technical competence
from multiple perspectives.
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The German dual VET system combines paid, on-the-job training in a company with part-time classroom instruction at a

vocational school. Apprentices thus acquire practical skills while simultaneously completing a formal curriculum that leads to a

recognized qualification.
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