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Abstract

A growing number of transformative research practices that redefine the role of science
in engaging with local-mostly urban—transformation processes have emerged in recent
decades. However, while education is considered a key driver for sustainability transfor-
mations, higher education has been slow to develop and implement dedicated, appropriate
and effective transformative education programmes and learning modules. In this paper,
we present a framework of design principles for transformative learning modules in higher
education. These principles are derived from two growing discourses: higher education
sustainability learning, and transdisciplinary and transformative research—both of which
are centrally anchored in the field of sustainable development and sustainability science.
The principles presented provide guidance for course leaders in higher education to create
learning modules aimed at enabling students to become engaged in transdisciplinary and
transformative research that fosters sustainability transitions in local and urban contexts.
We use the Transformative Innovation Lab (TIL)—a learning course developed and tested
at two German universities—as an example of how the design principles can be applied.
The module, which runs over two semesters, supports Masters students in their process of
developing real-world laboratories and exploring urban sustainability transitions through
collaborative experimentation with local practice partners. We discuss the factors that ena-
ble and limit the implementation of transformative learning modules and outline aspects
of the novel roles adopted by lecturers in transformative teaching environments. Moreover,
we highlight the need for both institutional change and transformative teaching formats that
go beyond transformative research as key for driving universities to take responsibility for
collaboratively fostering sustainability transitions in their local contexts.
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1 Introduction

There is widespread consensus that education can be a key driver in enabling people to
actively steer transition processes (Brundiers et al., 2021; Sterling et al., 2017). However,
to achieve this potential, new transformative education programmes that complement the
traditional disciplines are needed to better empower people across all age groups to con-
tribute to sustainability transitions (Lange, 2012). Through its close links to the sciences,
higher education is traditionally considered to be at the forefront of such developments
and recent reforms, such as the Bologna process in Europe, have contributed to a higher
degree of flexibility in this domain (Barth, 2016). Over the past two decades, universities
and higher education institutions have begun to redefine their role in driving and support-
ing sustainable development. Moving beyond simple economy-driven technological knowl-
edge transfer, an increasing number of universities are engaging in co-creative sustainabil-
ity transition projects in order to transform their own cities and regions (Trencher et al.,
2014). Many of these projects employ experimental approaches, such as urban or sustain-
able living laboratories, urban transition laboratories, real-world laboratories or similar (for
an overview see McCrory et al., 2020). Some temporarily use the installed laboratory as a
learning environment for students. However, few universities have introduced ongoing and
structured sustainability-oriented programmes of study that use these formats and educate
students in higher education to use transformative research approaches to deal with sustain-
ability problems, analyse them and contribute to solutions (Evans et al., 2015; Larsson &
Holmberg, 2018; Pohl et al., 2018). Such programmes are rare compared to programmes
rooted in traditional scientific disciplines (Weiss & Barth, 2019). Furthermore, few of the
available programmes include modules based on research approaches, such as real-world
laboratories and experiments, despite the recent call for a stronger orientation towards the
generation of action-oriented knowledge for sustainability (Caniglia et al., 2020). Overall,
such education programmes—and the relevant guidance for their development—is lack-
ing. Therefore, in this paper, we draw on discourses around sustainability learning and
transdisciplinary and transformative research. Based on these recent theoretical and con-
ceptual approaches, we derive design principles. The principles provide guidance for edu-
cational practitioners who want to educate students to generate action-oriented knowledge
in local contexts by developing and conducting transformative research in small-scale real-
world laboratories. The principles were originally developed in the context of a three-year
research and teaching project and guided the design of the Transformative Innovation Lab
(TIL) learning module. We share insights from the TIL to illustrate how the design princi-
ples can be applied. Reflecting on the principles and our experiences in the TIL, we discuss
the challenges and opportunities of the application of such learning formats for both lectur-
ers/tutors and institutions and their potential to foster urban transitions.

2 Learning and researching for sustainability transformations

In the context of the ongoing discussion around sustainability and sustainable development
(e.g. Grunwald & Kopfmiiller, 2012), a wide range of concepts have emerged in terms of
integrating sustainability-oriented education into higher education. Two strands of research
and practice figure prominently, which share many links and commonalities. Sustainability
learning in higher education is largely based on contributions from educational science and
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provides an innovative impetus to higher education by integrating sustainability. Transdis-
ciplinary and transformative research forms a new research mode which has introduced
the question of how and to what extent higher education contributes to sustainable develop-
ment in society. The following sections provide a brief overview of these concepts in terms
of their approaches to transformative learning programmes and associated insights.

2.1 Sustainability learning in higher education

The implementation of sustainability learning in higher education has proved that innova-
tion can be brought about by new areas in teaching and learning and can create new ideas
and formats by introducing new methods or new learning settings. By ‘doing things dif-
ferently’, sustainability learning has provided answers to some of today’s expectations of
higher education, namely through its interdisciplinary nature, its intercultural dimension
and its transdisciplinary orientation (Barth, 2016). This is particularly visible in its con-
tributions to problem-based and project-based learning where higher education introduces
complex real-world problems and a strong solution orientation (Brundiers & Wiek, 2013;
Tejedor et al., 2019), as well as in engagement-oriented formats such as service learning
which are further developed through integrating transdisciplinary learning (Barth et al.,
2014; Stauffacher et al., 2006). More recently, sustainability learning has been drawing
from transformative learning theory, questioning the intent and outcomes of the traditional
learning and teaching approaches of higher education and Education for Sustainable Devel-
opment (ESD) (Rodriguez Aboytes & Barth, 2020; Singer-Brodowski, 2016a, 2016b). The
approach was originally introduced by Mezirow in the context of personal development
and adult learning (Mezirow, 1991). It aims to foster “autonomy, individuation, empow-
erment, ecological consciousness, social action, citizenship and democracy” (Cranton &
King, 2003; Mezirow, 1997, 2003; as cited in Rodriguez Aboytes & Barth, 2020, p. 996)
by transforming problematic frames of reference, namely fixed “habits of mind, meaning
perspectives and mindsets” (Mezirow, 2003, p. 58). Transformative learning adds to sus-
tainability learning by explicitly addressing and critically reflecting on underlying moral
assumptions and embracing diverse knowledge and experiences (Brookfield, 2000, p. 130).

The above-mentioned efforts have been accompanied by a growing body of research,
which offers insights into learning outcomes and processes. Learning objectives as the
intended learning outcomes of higher education for sustainable development are still dis-
cussed with reference to the foundation documents of the United Nations Educational
Scientific and Cultural Organization (UNESCO). These documents advocate for the capa-
bilities of active societal participation and life-long learning (UNESCO, 2005). In the lit-
erature on education for sustainable development, several approaches share the UNESCO
vision of enabling people and specify the learning objectives as the knowledge, skills, and
attitudes for the transformation towards sustainability (de Haan, 2008; Rieckmann, 2012;
Stibbe, 2009). These contributions use various concepts for defining skills, literacy, compe-
tencies, or capabilities (Barth, 2016). Against the background of this diversity, agreement
has been growing that the sought-after outcomes should be framed around key competen-
cies in sustainability, defined as “complexes of knowledge, skills, and attitudes that enable
successful task performance and problem solving with respect to real-world sustainability
problems, challenges, and opportunities” (Wiek et al., 2011, p. 204).

With respect to learning processes, researchers have elaborated on the need for novel
teaching and learning settings to support the development of sustainability competen-
cies (Rowe, 2007; Sterling & Thomas, 2006). Problem-based and project-based learning
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(Brundiers & Wiek, 2013; Dale & Newman, 2005) in general, with adaptations such as
design charrettes (Foley et al., 2017) and real-world laboratories (Singer-Brodowski et al.,
2018), figure prominently in such settings and provide examples of how to help students
experience sustainability problems and make first-hand contributions to solutions. It is rea-
soned that these teaching and learning settings provide students with opportunities to con-
tend with the complexity of sustainability problems and develop viable solution options.
Consequently, how to design such teaching and learning settings as open learning environ-
ments is the subject of much debate.

2.2 Transdisciplinary and transformative research

The question of the contribution that science can make to overcoming global challenges is
a leitmotif of sustainability research. The need to develop adequate approaches for tack-
ling sustainability problems has led the scientific community to enter a profound reflec-
tion process, discussing solution-oriented and interventional research designs. One of the
most influential contributions stemming from this debate was the proclamation of the so-
called Mode-2 research approach (Gibbons et al., 1994; Nowotny et al., 2001). This stimu-
lated the discourse around transdisciplinary research, which subsequently developed into a
core research practice in the field of sustainability. Transdisciplinary research takes soci-
etal problems as a starting point and integrates various disciplinary bodies of knowledge
and practical experience and wisdom, with the aim of producing socially robust knowl-
edge. Frameworks, concepts, guidelines, and quality standards have been developed for
transdisciplinary research (Bergmann et al., 2005; Hirsch Hadorn et al., 2006; Jahn et al.,
2012; Klein, 2006; Lang et al., 2012; Scholz et al., 2006), and international scientific net-
works and programmes for studying the earth sciences and social sciences have called for
greater transdisciplinary activity in order to co-create sustainability knowledge (Mauser
et al., 2013). Following a similar line of thought, the German Advisory Council on Global
Change has characterised two specific research approaches: transformation research, which
focuses on describing, analysing, and explaining global change processes, and transforma-
tive research, which engages with current debates and actions to actively strengthen sus-
tainable development (WBGU, 2011). In related fields, scholars and practitioners have
developed intervention-focussed approaches, building on and calling for an experimental
turn in the social sciences (Overdevest et al., 2010). Blending experience from decades of
(participatory) action research (Kemmis & McTaggart, 2000; Ozanne & Saatcioglu, 2008),
concepts of transition management, strategic niche management (Kemp et al., 1998, 2007)
and new experimental modes, a broad range of action-oriented formats such as (urban/sus-
tainable) living laboratories (Liedtke et al., 2015; Voytenko et al., 2016), urban transition
laboratories (Nevens et al., 2013), transformation laboratories (Pereira et al., 2020), and
real-world laboratories (Parodi et al., 2018; Schneidewind, 2014) have been established.
Many of these explicitly focus on urban areas as spaces and loci with pressing sustain-
ability issues of high complexity but also with significant opportunities for creativity:
an atmosphere conducive to innovation and a critical mass of progressive change agents
and early adopters. Among these approaches, the real-world laboratory discourse is clos-
est to fulfilling the transdisciplinary quality criteria. The concepts of ideal-type processes
(Wanner et al., 2018) and success factors (Bergmann et al., 2021) were developed to create
actionable real-world laboratory settings. Luederitz et al. (2017) and Caniglia et al. (2017)
contributed a formative evaluation scheme and a typology embedding real-world experi-
ments into the experimental methodology of sustainability research.
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However, despite the establishment of such action-oriented knowledge research
approaches over the past decade (Caniglia et al., 2020), higher education institutions
have not yet systematically harnessed their potential as learning environments (Singer-
Brodowski et al., 2018).

3 Design principles

While theoretical discussions around sustainability learning in higher education have
introduced valuable learning and teaching concepts, incorporating such approaches
into higher education programmes remains a challenge for both programme directors
and lecturers. The theoretical concepts presented in the preceding section of this paper
represent our understanding of the central approaches in this field.

This literature base was crucial for informing the development of the TIL that we
implemented in two different universities over two years. A more detailed presentation
of the TIL is provided in chapter 4.

In this paper, we address the question of how the literature can inform the develop-
ment of courses in contexts beyond the pilot study programmes at the two universi-
ties where we applied our course design. We identify principles that can inform other
courses by making sense of the broad discussions found in the literature for educators
in the field. In this section, we present a comprehensive set of principles for sustaina-
bility-oriented courses building on transformative learning and transformative research
approaches.

The framework is designed to provide a point of reference for reflection when
designing and teaching such study courses. From our experience, the reality of devel-
oping learning modules and teaching these courses involves careful planning before-
hand and constant re-adjustment during the semester(s). Our design principles offer
a framework to support lecturers (and students) during both phases to better integrate
the theoretical advancements of sustainability learning and transdisciplinary and trans-
formative research into the courses.

Our suggested set of eight coherent design principles was developed through extensive
joint interdisciplinary discussion, which built on the reflection of our experiences from
teaching in the TIL, discussions with peer course leaders regarding the purpose of such
design principles and a deep re-examination of the literature used for the TIL design.

To make the development process of the suggested principles and their rooted-
ness in the literature transparent, we adopted a Sankey-style diagram to illustrate our
thought process (see Fig. 1). This shows the principles on the right-hand side and the
discourses that informed these principles on the left.

The eight principles depicted in the Sankey-style diagram (Fig. 1) are considered as
a coherent set, and thus, each principle has equal importance for the design of the mod-
ule as a whole. The design principles complement each other: they are strongly inter-
linked and influence the general course design as well as specific learning modules and
the single activities within them. Consequently, we chose to depict each design princi-
ple the same size (right-hand column). However, they differ with regard to the number
of discourses they are informed by, which explains why the source nodes differ in size
(left-hand column). Neither the size of the nodes nor the width of the flows should—or
could—be interpreted quantitatively.
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Discourses and corresponding literature Information flows Design Principles
Higher ion for i
(UNESCO, 2005; de Haan, 2008; Stibbe, 2009; Rieckmann, 2012)
Empower Students towards
self-directed Learning
Learning in ili
(Rodriguez Aboytes and Barth, 2020; Mezirow, 1997, Challenge Students to critically

2003; Singer-Brodowksi 2016a, 2016b) reflect on mental Models

Prioritise Competency Development

Key Competencies for Sustainability
(Wiek et al., 2011; Brundiers et al., 2021)

Service Learning in

(Stauffacher et al., 2006; Barth et al., 2014)

Problem- and Project-Based Learning

(Corvers et al., 2016; Brundiers & Wiek; 2013; Tejedor et al., 2019)

Facilitate Collaborative Learning

Participatory Action Research

(Kemmis & Mc Taggart, 2000; Ozanne & Saatcioglu, 2008) Address Real-World Problems

TD Research Process and Knowledge Integration
(Lang et al,, 2012; Mauser et al., 2013)

Support Students’ Transformative
Research Projects

Real-World Lab Setting and Process
(Wanner et al., 2018; Schapke et al., 2018; Bergmann et al., 2021)

Build Capacity to navigate
Real-World Experiments Transdisciplinary and
(Luederitz et al., 2016; Canigliaet al., 2017) Transformative Research

with

and
(Grunwald & Kopfmiiller, 2012; United Nations, 2015)

Fig.1 Sankey-style diagram of eight design principles for higher education sustainability learning through
transformative research (right) and their corresponding roots in discourses and the literature (left). Colours
(green, blue, and red) refer to the clustering of the eight principles in three key areas of course design:
green =teaching mindset, blue =learning environment, red =research activities (see also Fig. 2)

3.1 Design principles in detail

In the following section, we outline and explain the principles in more detail. The princi-
ples are formulated as guidance for those responsible for course design and are clustered
according to the higher-level key areas of course design. Teaching mindset refers to the
specific attitude towards learning, the course, and the students that course leaders should
take account of when designing and delivering a course. This mindset could—depend-
ing on personal teaching style—differ significantly from ’classic’ approaches to teaching.
Learning environment emphasises the setting, atmosphere, and context for the course as
part of the design. The principles to consider in this area could include how to arrange the
teaching/learning space or who to employ to deliver the course.

The area of research activities relates closely to the course content and focuses on top-
ics, themes, and activities that are central for transformative education courses (see Fig. 2).

3.1.1 Teaching mindset
3.1.1.1 Empower students towards self-directed learning Sustainability learning (and
higher education for sustainable development) aims to empower students towards self-

directed learning from a procedural perspective (UNESCO, 2005). Consequently, the role
of the course leader is to develop an inspiring learning environment (Singer-Brodowski
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Build Capacity to
navigate Trans-
disciplinary and Trans-
formative Research

Address Real-
World Problems

Support
Learning Students’
Environment Transformative
Research
Research Projects
Activities

Facilitate
Collaborative
Learning

Empower Encourage

Students Engagement
towards Self- with

directed Sustainability
Learning

Challenge
Students to
Critically Reflect
on Mental Models

Prioritise
Competency
Development

Fig.2 Depiction of the eight design principles for higher education sustainability learning through trans-
formative research (outer ring) and their superordinate key areas of course design (inner ring). The circular
arrangement without hierarchy or numbering is intended to depict our understanding of all the principles as
being part of a coherent and equally important set

et al., 2018) and to create adequate learning opportunities, rather than to focus on specific
content inputs (de Haan, 2008; Rieckmann, 2012; Stibbe, 2009). It is crucial to foster an
empowering teaching mindset towards students, encouraging them to take responsibility for
their own learning journey while providing a safe space to learn in experimental settings.
This includes guidance for reflection, as well as self-care and emotional coping strategies.

3.1.1.2 Challenge students to critically reflect on mental models Following the theoreti-
cal considerations of transformative learning discourses, students should be challenged to
reflect on the content, processes, and premise of their own mental models (Mezirow, 1997,
2003; Singer-Brodowski, 2016a, 2016b). For students to be able to reflect on sustainability
issues, the ability to critically reflect on their own presuppositions is considered crucial.
However, transformative learning should not only be considered a means of achieving trans-
formative action but also as an aspiration in itself (Rodriguez Aboytes & Barth, 2020).

3.1.1.3 Prioritise competency development Teaching in higher education sustainability
learning contexts is competency-oriented, with the aim of enabling students to address sus-
tainability problems and contribute to their solutions as change agents. Competency devel-
opment as a learning goal should guide the design of learning modules as a whole and the
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selection of formats and the arrangement of specific learning units. The focus on compe-
tency development should be communicated transparently and be adequately represented
through reflexive examination approaches. Key competencies in this context include nor-
mative competence, systems thinking competence, interpersonal competence, anticipatory
competence, and strategic competence (Brundiers et al., 2021; Wiek et al., 2011).

3.1.2 Learning environment

3.1.2.1 Facilitate collaborative learning Collaborative learning is a key feature of trans-
formative learning modules in higher education. For students to benefit from collaboration
with their peers, adequate formats should be established for students to meet together, and
discussions should be facilitated by lecturers (Corvers et al., 2016; Stauffacher et al., 2006).
Collaboration opportunities in multi-stakeholder settings should be supported by providing
contact with practitioners and training exercises for collaborative methods.

3.1.2.2 Address real-world problems Engaging with actual real-world problems is a cru-
cial feature of learning modules that aim at transformative learning and competency devel-
opment through transformative research. Identifying manageable local challenges for stu-
dents to engage in and developing trusted relationships with practitioners are crucial factors
for creating spaces where students can learn. Actively managing the expectations of both
students and practitioners allows for the development of collaborative settings where failure
can be embraced without negative consequences.

3.1.3 Research activities

3.1.3.1 Support students’ transformative research projects Lecturers in transformative
research-oriented learning environments must play the key role of supporting students in
the design and realisation of their own projects. Regular individual and group sessions with
students allow for the joint critical reflection of research and experiment designs. Offering
entry points to a demanding research process by inviting students into established collabora-
tive research settings allows students to quickly engage with actors and build on trusted rela-
tionships. Lecturers must take on the role of coaches who closely accompany students, react
quickly to their challenges, and respond adequately to specific and individual questions.

3.1.3.2 Build the capacity to navigate transdisciplinary and transformative research To be
able to create their own transformative research projects, students need to develop the abil-
ity to navigate the discourses of transdisciplinary and transformative research approaches.
Students need to be supported to position their work within the current discourse and build
on established concepts in this field of research. This includes reflecting on the normative
and ethical implications of transformative research. A particular focus lies on familiarising
students with methods and approaches that can inform their research, such as methods of
collaboration with practice partners, the design of interventions, and knowledge integration.

3.1.3.3 Encourage engagement with sustainability The discourse around sustainability
encompasses a wide field of concepts and topics; consequently, critical engagement with
different notions and issues should be encouraged. Jointly exploring, discussing, and
reflecting on own perceptions, theoretical concepts (Grunwald & Kopfmiiller, 2012) and
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political frameworks (e.g. Sustainable Development Goals (SDGs)) (UN, 2015) allow
students to position themselves and their research. This enables students to identify moti-
vating and challenging topics with which to engage.

4 Applying the design principles: the example of the Transformative
Innovation Lab (TIL)

Project context The TIL was developed as part of the EEVA project (the develop-
ment, testing, and dissemination of new qualification offer for ‘change agents’ for trans-
formative learning using the real-world laboratory approach). In two pilots, a TIL was
integrated into the Futures Studies Masters programme at Freie Universitidt Berlin and
the Sustainability Science Masters programme at Leuphana University Liineburg. The
project was coordinated by the Wuppertal Institute and ran from 2017 to 2020 and was
funded by the German Federal Environmental Foundation (DBU). Two student cohorts
with 34 students in total participated in the TIL pilots.

Over the course of the project and based on joint reflection with our students and
their feedback, the teaching approach was iteratively improved. Following the conclu-
sion of the project, we can present the TIL as a promising approach for realising many
of the aspects discussed in the literature around sustainability learning, transformative
research, and sustainability. The project outcomes have since inspired discussions on
transformative research practices in the German sustainability learning community.

4.1 Applying the design principles to the overall course design

To illustrate how the design principles can be applied, the following section builds on
our experience in designing and conducting a higher education teaching module as part
of the three-year EEVA research project (Wanner et al., 2021a, 2021b). The TIL was
designed as an experimental space offering a safe environment in which students could
explore both themselves and the transformative research approach as potential sustain-
ability change agents. Students from two different Masters programmes at two Ger-
man universities were jointly invited to develop their own real-world laboratories and
explore sustainability transitions through collaborative experimentation with local prac-
tice partners.

We designed the course to focus on the learning process, building on transdiscipli-
nary and transformative research processes as a guiding structure. The practical engage-
ment of students in a real-world context and with real-world problems formed our
starting point. From the outset, students were encouraged to identify and engage with
real-world sustainability problems in their respective local contexts, e.g. sustainable
mobility, the role of church communities as drivers of sustainability transformations or
renewable energy transitions in local economies. Over the course of the seminar, stu-
dents worked on their own transformative research projects, with the aim of developing
research projects that contributed to the solution of sustainability problems. We guided
the students, step by step, in developing and realising their own research projects, link-
ing engagement with sustainability, building the capacity to navigate the discourses and
methodologies of transdisciplinary and transformative research to the students’ own
research activities.
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In the learning environment we designed, we focussed strongly on the development
of competencies, both through dedicated exercises and by transferring the learnings
to students’ own projects. The hands-on approach that our students followed in design-
ing and planning their own research projects with partners was a central feature of the
course design, which enabled competency development in and through transdisciplinary
collaboration.

We aligned inputs, critical discussions, and options for reflection and feedback needed
to support the students in each step. Through a variety of formats, we challenged students
to make their own mental models explicit, to take a critical stance towards theories and
methodologies and to reflect on their own processes and individual developments.

Furthermore, the TIL encompassed continuous reflection and feedback within the teach-
ing team and between the teaching team and the students, which also supported the itera-
tion of the course design. We explicitly integrated the different competencies, knowledge
areas, and needs of the group (including the teaching team) and built on teamwork and peer
exchange (e.g. the formation of small student groups for feedback and support) to foster a
collaborative learning setting. The open reflection and exchange on the course develop-
ment and the peer feedback contributed to creating a safe learning setting for the students
that allowed for failures and redesigns, thereby supporting the empowerment of the stu-
dents to set their own goals and directions for their learning journey.

4.2 Example: a kick-off retreat as the foundation for a transformative sustainability
learning process

The following section describes the kick-off of the TIL to illustrate the application of the
principles within a single learning unit of the TIL. It complements the description (above)
of how the principles are applied within the general course design. For a detailed descrip-
tion of the TIL and its modules, please refer to the handbook (Wanner et al., 2020) and the
bi-lingual overview article (Wanner et al. 2021a, 2021b). Rather than connecting single
aspects of this learning unit to specific design principles, we want to highlight how the
principles support the design of such a learning unit and help to lay a foundation for apply-
ing the principles within the whole course.

The TIL started with a five-day kick-off retreat in which the group of 20 students from
different Masters programmes and the interdisciplinary teaching team gathered at a hostel
in a rural location. The kick-off was crucial for setting the overall atmosphere and frame-
work for the TIL. Part of the aim of the retreat was to establish common (theoretical)
ground and to find starting points for the students’ own research projects. However, the
overriding purpose of the kick-off retreat was to allow everyone to experience a specific
teaching and learning mindset and learning environment. Consequently, getting to know
each other and developing an atmosphere of trust were central aspects of the kick-off.
Therefore, we dedicated time to team building exercises, peer exchange, and group dynam-
ics in general and ensured that the students were invited not only to design their own learn-
ing journeys, but also to co-design our kick-off.

The activities at the kick-off retreat combined multiple principles, which interlinked
mindset, learning environment, and transformative research activities. For example, we
played a simulation game in which students adopted different roles in fictitious countries,
trying to balance well-being, economic development, and natural resource consumption.
This game combined team building, engagement with sustainability discussions, systems
thinking, and team competency training and allowed for critical (self-) reflection. It also
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fostered a collaborative learning setting and supported an atmosphere of experimentation,
mutual trust, and open (self-) critical discussion.

We also established a common understanding of transformative research. We combined
inputs from teachers and students, invited discussions and presentations of existing knowl-
edge, and facilitated peer exchange. We used a "buzzword-bingo’ game to create a safe
space for asking questions that might otherwise seem too obvious to ask, with the aims
of fostering critical discussion of concepts and theories and of identifying potential topics
for subsequent inputs. Moreover, we combined theoretical aspects with input from guest
speakers’ case studies, transferring theory to practical examples. To enable self-directed
learning, we prepared some of the basic input and planned time for emerging topics.

To kick-off the project work, we started by asking the students to personally reflect on
their favourite SDG. This exercise engaged students in sustainability discussions and sup-
ported them to find an anchor point for research into real-world sustainability challenges.
This activity simultaneously served as a team-building exercise to connect students who
shared similar interests, which supported subsequent project team formation. With a first
direction in mind, we invited students to a ’fast forward exercise’. In groups, they ‘ran’
through a transformative research project in the fashion of a thought experiment. They
started by brainstorming and choosing a real-world problem, before brainstorming differ-
ent potential practice partners and stakeholders, deliberately ranging from close and easily
accessible ones to actors out of their reach. After discussing potential practical issues for
a selected stakeholder, the students brainstormed potential interventions and experiments,
again ranging from the small and easy to a large-scale real-world laboratory. Finally, the
students jointly discussed how they could evaluate, measure, and document this process
from the perspective of scientific research requirements. This exercise, again, supported
team building, translated theoretical and methodological concepts into the TIL environ-
ment, fostered strategic competencies, and encouraged the students in their own research
work.

These examples illustrate that applying the principles means approaching the course
design with a simultaneous focus not only on the content needed to enable the students’
project work, but also on the collaborative and safe atmosphere and how to foster the emer-
gence of individual learning journeys.

5 Discussion

In this discussion, we reflect on three critical aspects involved in advancing sustainability
learning in higher education through transformative learning and transformative research:
(1) the challenges for course leaders and students in such learning formats; (2) the poten-
tial and limitations of the presented principles for designing learning modules; and (3) the
importance of such learning formats for universities to adopt new roles as drivers of urban
sustainability transitions.

5.1 What purpose do the design principles serve?

The design principles aim to support programme directors and lecturers in higher educa-
tion institutions to implement sustainability learning-oriented courses by building on trans-
formative learning and transformative research. Both concepts are considered crucial for
fostering sustainability transformations. On an individual level, transformative learning
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builds capacities to reflect on and actively address sustainability problems. In a comple-
mentary way, transformative research involves designing transition processes and generates
robust knowledge based on interventions.

However, implementing courses that integrate these perspectives is challenging due to
institutional inertia and the demanding complexity of teaching in such settings. We deem
these to be the main reasons why the various pilot projects and experimental teaching mod-
ules that have been developed have only occasionally been transferred into regular cur-
ricula and teaching culture (Dabaieh et al., 2018; Pfau & Uhl, 2018).

In this context, the design principles serve two purposes. First, as a comprehensive set,
the principles allow for the holistic planning of courses without having to reinvent the
wheel and without being overly specific to a single context or location. Second, the princi-
ples serve as a tool for reflection during the teaching phases of other pilots or current mod-
ules, offering orientation and areas for discussion concerning crucial teaching and research
concepts.

Therefore, the strength of the design principles lies in a high degree of practicality,
which makes the highly advanced discourses of sustainability learning theory and trans-
formative research accessible. While a course that is designed according to single princi-
ples can already contribute to enhancing the learning experiences of students, this set is
intended to be used holistically as an overall design in which the principles complement
each other. This creates a better representation of the current concepts of sustainability
learning and transdisciplinary and transformative sustainability research.

Although the principles address and encompass the content, organisation, and didactics
of higher education sustainability learning through transformative learning and transforma-
tive research, they do not tackle the fundamental aspects concerning the need to embed
such modules and programmes in higher education institutions. A chapter in the handbook
does focus on aspects to be aware of when integrating such modules into study programmes
(Wanner et al., 2020, p. 52), including the selection of an appropriate study programme,
the importance of considering semester schedules and study programme structures, as well
as examination requirements, group sizes, and the promotion of the course. However, local
educational actors must meet the challenge of how to ensure that there is both the will and
adequate resources to embed such modules into higher education institutions. This action
must happen from the top down by ambitious academic leaders in higher education institu-
tions via mission statements, changes to institutional structure and resource allocation, and
from the bottom up by engaged academic staff who choose to develop and lead suitable
educational programmes.

5.2 Challenges for teaching

As suggested in the literature, teaching sustainability learning-oriented courses necessitates
novel understandings around modes of collaboration and engagement with students. Creat-
ing safe environments for students to learn in a self-directed way and to explore sustain-
ability problems with practitioners demands a high degree of support from course leaders.
While teaching in the TIL, we found ourselves covering a wide range of activities, such as
providing input, practical guidance, emotional and psychological support, managing con-
tact with practice partners, organising peer learning encounters outside the university, and
supervising Masters theses. In a similar way in which researchers adopt diverse roles in
transdisciplinary settings (Wittmayer & Schipke, 2014), course leaders are forced to adopt
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wide-ranging roles that in many ways transcend the traditional understanding of teaching
in higher education (namely that of passing on knowledge).

We therefore advise that further investigation should be carried out into the necessary
roles and competencies of lecturers in these contexts. Moreover, we encourage lecturers
in this field to further connect, mutually reflect on their experiences, and establish support
networks across institutions where they can jointly address the challenges they encounter
in their practice. This would be especially valuable for early-career researchers at universi-
ties who are often highly motivated to teach demanding real-world focussed courses but are
ultimately often left alone to experience learning-by-doing. In addition, such options for
exchange could and would facilitate interdisciplinary exchange locally and (inter-) nation-
ally. In universities that are still structured according to the different disciplines, interdisci-
plinarity—as a basis for transdisciplinary projects—is particularly hard to achieve in single
study programmes.

A specific issue to be aware of is the potential for the students to experience emotion-
ally challenging and individually disorienting dilemmas. Transformative learning as an
approach that encompasses profound individual reflection ideally calls for demanding situ-
ations in order to open a window for questioning personal perspectives and transforming
problematic frames of reference. Although this approach seems rational and effective, it is
difficult to manage. Inviting students to create their own learning environment and journey
is not a sure-fire method of inducing a disorienting dilemma—and if such a dilemma is
induced, this can raise psychological and ethical questions. Accordingly, the challenge is
to provide students with sufficient incentives and a safe space that enables them to create a
situation that is individually challenging but not overwhelming.

5.3 Universities as drivers for experimental urban and regional transformations

As stated in introduction, the world needs scaled and accelerated transformation processes
towards sustainable development. Universities as relevant hubs for innovation, modern
higher education, and regional development play an important role in urban and regional
development. At stake is the role of universities as drivers for a new, co-creative, and sus-
tainability-oriented transfer and third mission (Evans et al., 2015; Karvonen & van Heur,
2014; Schneidewind, 2020; Trencher et al., 2014). The complex cycle of technical innova-
tion through to market launch was thoroughly and effectively developed in the twentieth
century, but the greatest task currently facing the world is to ideologically divest from fos-
sil fuels and other unsustainable industries and technologies and focus on clean, future-
proof innovation. In the realm of social innovation, we still need a similarly developed
complex of mechanisms for producing socially robust knowledge between universities and
society. If universities want to play an influential role in this sphere—which they should—
they must develop widely institutionalised, thematically differentiated, and socially effec-
tive means of teaching and researching (see also Konig, 2013). The various approaches
already mentioned in this paper (urban or sustainable living laboratories, urban transition
laboratories, real-world laboratories, or similar) illustrate the multi-faceted search for ade-
quate research formats for such a sustainable and socially robust third mission. We assert
that developing a variety of learning options at every university, based on the principles
we have set out, would be an important and necessary step towards fruitful teaching for-
mats. Taken together, transformative research formats, transformative teaching offerings,
and the associated necessary institutional changes would fulfil the idea of an encompassing
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transformative science (Schneidewind et al., 2016). The principles outlined in this paper
aim to contribute to this discourse and to institutional change.
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