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Editorial

�e German termHochschulbildung refers to teaching and learning at a broad range

of research and art institutions in tertiary education. Within this sector,Hochschul-

bildung builds bridges between professional and social e forts on the one hand and

scientific endeavours on the other. Its manifestations are shaped by social, cultural,

ecological, economic, and political dynamics (e.g. internationalisation and global-

ization). However, it is itself also a driving force of changing living conditions (e.g.,

digitality, mediality, and networking).

A key feature of Hochschulbildung is its interconnection with research. �e cur-

riculum and teaching practices at the university should align with the most recent

research findings and the scientific discourse. As part of the education system,

Hochschulbildung contributes significantly to shaping individual and collective

relationships to the world.

Teaching and studying should prepare for professional practice and promote real-

work capabilities as well as participation in public life.Hochschulbildung ultimately

aimsatproficiency,employability,and citizenship.To this end, it becomes crucial to

enhance subject-specific teaching by interdisciplinary and transdisciplinary forms

of cooperation.

�is series o fers a forum for the transformation of higher education in the context

of institutional and organisational development.We invite our authors and readers

to exchange views about in"luencing factors, diagnoses and designs of teaching &

learning in the 21st century.

�e series is edited by Tobias Schmohl and Johannes Wildt.

�orsten Philipp is a political scientist and lecturer for sustainability and politi-

cal communication at various universities. As a member of the presidential sta f at

Technische Universität Berlin, his task is to promote transdisciplinary learning at

the interface between science and society. His research focuses on the intersection

of sustainably theories and pop music.

Tobias Schmohl is a full professor of higher education research at Technische

Hochschule Ostwestfalen-Lippe in Germany. He advocates for university teaching

that bridges professional/social e forts and scientific pursuits, fostering transdis-

ciplinary skills, real-world abilities, and civic engagement.
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Preface

The f luidity of borders that feminist theorist Karen Barad discusses is both an op-
portunity and a risk. It contains liberation, renegotiation, and redistribution, as 
well as disorientation, confusion, and conf lict. The dynamism applies to research 
and education as well. As we continue to navigate the ever-evolving learning sci-
ences landscape, the need to create a community of professionals and students 
devoted to transdisciplinary learning grows. Hence, the Handbook of Transdisci-
plinary Learning aims to engage and inspire students, researchers, educators, and 
practitioners who seek a deeper understanding of the intricate connections that 
tie multiple disciplines in higher education.

Our publication retains the structural foundation of its 2021 German- 
language predecessor Handbuch Transdisziplinäre Didaktik, while incorporating 
new concepts, international expertise, postcolonial criticism, and in general a 
much broader perspective of the discussion’s global dimension. Comprised of 
37 entries, the Handbook unpacks key concepts to describe the broad panorama 
of transdisciplinary learning in the context of academic education. It examines 
the etymological origins, historical trajectories, disciplinary inf luences, inherent 
challenges, the criticisms it has provoked, and its consequences for academic ed-
ucation. By examining these terms through the lens of a historical-etymological 

“sense horizon” (Gadamer), our idea was to trace the evolution of ideas while si-
multaneously fostering critical dialogue and debate.

Recognizing that the pursuit of transdisciplinary learning is inherently dy-
namic and multifaceted, our compendium presents each entry as a point of con-
vergence and interaction between diverse threads of thought. The Handbook 
seeks to provide a comprehensive understanding of transdisciplinary practices 
and their impact on participative learning, as well as innovative methods of in-
formation dissemination, while departing from conventional modes of scientific 
communication and bibliography. Although all titles of the chapters are formu-
lated in the singular, they are in fact concealing an infinite number of divergent 
practices, educational attempts, and ways of thinking.

Despite all efforts to provide as comprehensive a perspective as possible on the 
complex dispute, we acknowledge our own limitations as editors with a predom-

Boundaries do not sit still.
Karen Barad
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inantly Western perspective on knowledge and knowledge production in devel-
oping this publication. Grappling with issues of global applicability, colonial and 
neocolonial thought structures, and the cross-cultural applicability of Western 
concepts – such as citizen science and science shop – our Handbook may nonethe- 
less serve as a first step toward engaging in a larger, global conversation about 
learning and overcoming barriers that have long impeded the expansion and ex-
change of ideas.

As a collaborative effort involving 113 authors and 39 scientific reviewers, the 
creation of this volume has been an exercise in critical thinking, concentrated 
analysis, and vigorous debate. We hope that this work will serve as a springboard 
for additional research, discussion, and development in the field of transdisci-
plinary learning, and that it will inspire others to join us in our pursuit of a more 
inclusive, interconnected approach to higher education.

As editors, we owe sincere gratitude to all contributors to this volume, who, 
despite the unusual concept, the tight schedule, and the unique requirements of 
the double-blind review procedure, took on the challenge of delving into the dis-
cussion of transdisciplinary learning based on a key concept. Numerous other ex-
perts provided the project with their professional and collaborative guidance. We 
particularly appreciate the reviewers’ contributions to quality control during the 
review process. We also express our gratitude to the entire crew at transcript Pub-
lishing for their dedicated work on this Handbook and their willingness to consider  
our suggestions, which helped the book take its own particular, unconventional 
turns. Our special appreciation goes to Joan Dale Lace for her careful copyediting.

Our book received support within the framework of the Berlin University Al-
liance and was co-financed by funds from the Excellence Strategy of the German 
Federal and State Governments. Our thanks are extended to Anika Rehder and 
her team at TU Berlin for their valuable support. Further funds were provided 
from the Alliance of European Universities of Technology ENHANCE. We owe 
gratitude to Paul Forberger, Sibylle Groth, and Ulrike Hillemann-Delaney at TU 
Berlin for their dedication. Additional support was provided by Stifterverband, 
Randstad Foundation and the Foundation of the OWL University of Applied Sci-
ences and Arts, Germany. We express our thanks to Hanna Daum, Andreas Bolder, 
Stephanie Wulfert, Sven Hinrichsen, and Jürgen Krahl for their commitment.
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Finally, our particular gratitude goes to our collaborators, Johanna Falken-
hagen, Nicole Hahn, and Nina Schmulius, who managed the administration of 
this project with the utmost accuracy, combining perseverance, enthusiasm, and  
meticulous care. Due to their dedicated efforts in editing and background re-
search, it was possible to conclude this project within only 16 months. We were 
privileged to draw from so many resources that we would never have dared to 
dream of.

Berlin and Lemgo, March 2023
Thorsten Philipp and Tobias Schmohl





Embracing the Rhizome: Transdisciplinary Learning  
for Innovative Problem Solving

Thorsten Philipp and Tobias Schmohl

Trampoline House in Copenhagen, a hub that assists migrants and asylum seek-
ers by providing shelter within the Danish asylum system, recently adopted the 
metaphor of a castle to describe its work and conditions: Kassel Castle, physically 
marked by a simple chalk circle at the international art exhibition documenta fif teen, 
was an impenetrable prison, a chain of invisible shackles and intangible politics. 
Inside, however, there was a hive of activity: in a theater workshop, rejected asy-
lum seekers and young refugees penned skits about their personal experiences 
with the migration regime. The contestants also served as models for a fashion 
show by designer Dady de Maximo Mwicira-Mitali. A massage workshop led by 
and involving displaced people serviced the seemingly utopian practice of “mas-
saging” the asylum system – to make it softer, more tranquil, and less stressful. 
The castle acted as a jail and a bulwark against an oppressive government. The 
guiding principles of a creative production of knowledge and practice of mutual 
learning became justice and freedom. 

Trampoline House’s artworks are featured on the endpapers of our book, not 
for aesthetic reasons, but rather to honor their subversive concept: Knowledge cre-
ated through the arts inf luences society and serves as an example of the transfor-
mative power of transdisciplinary education (Kaiza 2022, 205; documenta fifteen 
2022) – and in doing so, it is beneficial for sciences and educational systems as a 
whole. With techniques that cross traditional disciplinary lines and incorporate 
information from several fields, learners are given the ability to engage in critical 
thought and creative problem-solving.

The artistic attempt to produce knowledge resources beyond, against, and 
across disciplines coincides with another development: Science journalist Max 
Kozlov (2023) recently revealed that the number of scientific and technological 
research papers published has increased significantly over the past few decades. 
However, the disruptiveness of these papers, their impact on the status quo, has 
decreased, as measured by the degree to which they deviate from previous re-
search. Recent research is less likely to cause major upheaval compared to re-
search conducted at the end of the 20th century. Such an observation raises ques-
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tions about the current state of academic research and its capacity to generate 
innovative solutions and acknowledge responsibility. In pursuit of novel insights 
and transformative knowledge, it also highlights the need for a transdisciplinary 
approach that challenges conventional wisdom, integrates diverse perspectives, 
and pushes the boundaries of established disciplines. 

The purpose of this Handbook is to address this need by advocating for and 
demonstrating the potential of transdisciplinary learning in higher education, 
thereby fostering an environment that encourages the production of disruptive 
and transformative research. It aims to introduce transdisciplinary learning with 
a focus on the fundamental values of liberty and justice. By providing guidelines 
and strategies for implementing this educational approach, the Handbook seeks 
to contribute to an education culture in which both students and researchers con- 
tribute meaningfully to addressing the pressing global challenges of the present 
day. Transdisciplinary learning emerges as a promising means for enhancing inno-
vation and transformative knowledge in the context of academic research’s dimin-
ishing disruptiveness. It offers the potential to revitalize academia and address 
complex, real-world problems requiring a multifaceted approach by transcending 
the limitations of traditional disciplines and integrating a variety of perspectives. 

Transdisciplinary learning presupposes a systemic change in various ways, 
particularly in basic teaching attitudes and understanding of didactics. Teachers 
must be willing to (1) reduce their control if they want to allow a free (inter)play of 
creative forces. Transdisciplinary work requires a commitment to (2) activate par-
ticipation and co-creation on the threshold. As a consequence of acknowledging 
the plurality of knowledge paths, it is essential to (3) embrace failures, setbacks, 
and detours of students, learners, and teachers. Transdisciplinary practices will 
also change given structures in universities and contribute to (4) dismantling hier-
archies and extending collective responsibility. (5) Ref lective practices must be es-
tablished, respected, and defended. Finally, given the plurality of actors involved, 
transdisciplinary practices require sound and systematic (6) feedback literacy to 
ensure that lessons are learned from cooperation with the practical sphere and 
adequate measures are taken to meet future educational challenges.

With this predisposition, our Handbook enhances a search process that was al-
ready gaining momentum, when modern life and cognition models were increas-
ingly criticized. Gilles Deleuze and Félix Guattari, both disturbed by all attempts 
to dismember and categorize the world by linear and dichotomous patterns, iden-
tified the mental figure of the tree that blocked all access to the real world. The 
tree is a “taproot, with its pivotal spine and surrounding leaves” (Deleuze and 
Guattari 2013, 3), an organizational model of the trunk and secondary branches, 
of supporting order and derivatives, of dichotomous, structured categories and 
subordinate hierarchical ramifications, was debunked as an epistemic model 
of increasing fragmentation, hybridization, and volatility: “We’re tired of trees. 
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We should stop believing in trees, roots, and radicles. They’ve made us suffer too 
much. All of arborescent culture is founded on them, from biology to linguistics” 
(Deleuze and Guattari 2013, 15). For Deleuze and Guattari, the tree had to be re-
placed by the “tufted root”, a system of small, branching braids whose inconspic-
uous nodes form non-hierarchical nexuses to each other and are not subject to any 
categorical or binary order: “Nothing is beautiful or loving or political aside from 
underground stems and aerial roots, adventitious growths, and rhizomes. Am-
sterdam, a city entirely without roots, a rhizome-city with its stem-canals, where 
utility connects with the greatest folly in relation to a commercial war machine.” 
(Deleuze and Guattari 2013, 15)

Thinking in contexts and networks, along with the utopian ideal of the rhi-
zomatic city of Amsterdam, whose stylized canal plan illustrates the cover of our 
Handbook, have far-reaching implications. Science is no longer a hierarchical, di-
chotomous, or tree-like order to distribute and stabilize privileges, power, and sta-
tus. It is rather a cooperative-egalitarian network-based process in which a variety 
of knowledge resources, educational biographies, and knowledge potentials gain 
their form. Seen from this perspective, ‣transdisciplinarity (Vilsmaier, Merçon, 
and Meyer) is not a unidirectional integration of “non-disciplinary” or “non-sci-
entific” knowledge into research and learning. Terms of negation, which aim at 
denying eligibility and qualification, are unsuitable for this discourse. Rather, it 
is about research alliances of diverse but equal actors and about overcoming the 
rifts between university and society. ‣Learning in transformation (Jahnke and 
Wildt), ‣experimentation (West, Böttger, and Tang), and working responsibly to-
ward ‣global citizenship (Grobbauer and Whalen) are defining syntagms of change. 

The distinctive plural nature of transdisciplinary education equips students 
with the framework required to differentiate between diverse knowledge-based 
resources, evaluate their applicability to specific challenges, and devise strategies 
for integrating these diverse sources into their academic pursuits and research. 
 ‣boundary work (Vilsmaier and Thompson Klein), originally coined for analytical 
purposes to address the problem of dif ferences, has been adapted for boundary-
crossing and boundary-spanning research to support collaboration in heteroge-
neous teams. It is not only about the particular characteristics of knowledge fields, 
but about the participants’ specific features, their ability to elaborate on different 
objectives, roles, and tasks in collaborative processes. ‣Critical thinking (Barth 
and Pfister) is one of the most central skills in transformational dynamics. Though 
its roots lie in philosophy, it has significant metacognitive features, including 
the use of techniques for overcoming cognitive biases and navigating a variety of 
knowledge sources.  

Whereas ‣interdisciplinarity (Thompson Klein and Philipp) employs a variety of 
disciplines to tackle a specific issue, but still holds them constrained within disci-
plinary boundaries, transdisciplinary learning transcends the boundaries of tradi-



Thorsten Philipp and Tobias Schmohl16

tional disciplines and promotes the integration of knowledge from multiple fields 
such as practical or bodily experiences. This holistic approach to education fosters 
students’ critical and creative thinking, allowing them to apply their skills and 
knowledge in real-world contexts (Bammer 2015). Transdisciplinary learning ac-
knowledges the multifaceted nature of action and problems, which frequently exist 
independently, without any mutual relation. The current era necessitates integra-
tive approaches that unite disparate elements to create holistic solutions (Stokols 
et al. 2008). However, it remains challenging to capture the essence of transdis-
ciplinary learning within the confines of existing disciplines in higher education, 
highlighting the need for continued research and development of new educational 
paradigms (Klein 2010). 

Transdisciplinary learning promotes a “new production of knowledge” (Gibbons 
et al. 1994) by promoting experimental and transformative research designs. It ac-
tively seeks to integrate a vast array of knowledge resources, such as professional, ev-
eryday, and implicit knowledge from various sectors, including politics, civil society, 
business, and culture (Nowotny et al. 2001). By doing so, transdisciplinary learning 
calls for a science system that operates in ‣Mode 2 (Langemeyer and Zimpelmann). The 
distinction between two modes of knowledge production sparked an international 
discussion in the 1990s that focused its attention on the application of research and 
science in modern society. With this shift, the institutionally protected sphere of 
research and teaching, known as Mode 1 and established at universities and colleges, 
eroded. Knowledge became usable for concrete, problem-oriented solution of social 
challenges – often in cooperation with new partners from the societal sphere. The 
new production of knowledge addresses knowledge resources that are cultivated in 
unexpected and conf lictive spheres, as the discussions around ‣indigenous knowl-
edge (Le Hunte, Yunkaporta, Melvold, Potts, Ross, and Allen), ‣embodied learning (Allen, 
Pratt, Le Hunte, Melvold, Doran, Kligyte, and Ross), and ‣performative knowledge (van 
den Berg and Schmidt-Wulffen) show. By encouraging collaboration and inclusiveness, 
this type of learning advances the cause of justice, as it ensures that diverse perspec-
tives are acknowledged and valued in the pursuit of knowledge. 

Attempts to achieve participative learning encompass collective practices such 
as ‣citizen science (Jaeger-Erben, Becker, Prūse, Mendoza, Gutberlet, and Rodrigues), do-
it-yourself cultures, and ‣fab labs (Brandenburger, Adzaho, Mostert-van der Sar, Voigt,  
and Troxler). ‣Cooperative education (Coones, Johannsen, and Philipp), a particular 
form of transdisciplinary learning, combines academic coursework with practical 
work experience, enabling students to apply their knowledge in business and ad-
ministration settings. In fact, most study programs in higher education today pro-
vide opportunities to integrate practical experience, often in the professional field 
students strive for: ‣internships (Terhart and Weyland). Yet they are frequently not 
recognized as a valuable method of transdisciplinary learning, and educational 
quality can only be achieved if there is a mutual connection between the learning 
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experiences in the classroom and in the practical field. The preparation before, the 
support during, and the ref lection after an internship ensure a qualitative integra-
tion of diverse knowledge into students’ academic learning journey. 

The educational approach that supports the premise of transdisciplinarity 
encourages learners to discover solutions unrestricted by conventional wisdom 
in a freed setting. This way of ‣transformative learning (Taimur and Ross) enables 
learners to ref lect on their experiences, beliefs, and assumptions, resulting in pro-
found and long-lasting shifts in their perspectives and actions. The heterogeneity 
of actors involved, however, requires additional skills in managing the plurality: 
 ‣Feedback literacy (Schluer, Rütti-Joy, and Unger), with its high relevance for all areas 
of life, has long since been addressed by numerous disciplines. Nonetheless, feed-
back is still frequently thought of in the context of education as a one-way infor-
mation f low from teacher to student. The modern, socio-constructivist paradigm,  
in contrast, emphasizes the shared obligations of all participants in the feedback 
process. Feedback is therefore viewed as a dialogic exchange that is inf luenced by 
personal, interpersonal, and environmental aspects. Learners must have the at-
titudes and skills necessary to seek out, comprehend, and apply feedback to their 
learning in order to take part in these exchanges. 

The digital world and its currencies are likewise impacted by the necessary 
growth of competencies: ‣data literacy (Unger, Beck, and Husfeldt) encompasses the 
various knowledge components required for sensitive handling of data or decisions 
made on the basis of data, and it enables students to collect, process, evaluate, and 
apply data thoughtfully. On the other hand, ‣storytelling (Cortes Arevalo, Adamson, 
Fantini, Verbrugge, and Postma) ensures the pivotal capability of human problem- 
solving: describing experiences or expressing ideas through language and images 
supports transformative co-creative learning by tapping into personal and experi-
ential knowledge. Transdisciplinary learning, in addition, can be implemented as 
a form of ‣research-based education (Koltay and Karvalics) that integrates research 
activities into the learning process. ‣Participatory action research (Alatorre Frenk, 
Hensler, and Merçon), a collaborative approach to research that incorporates stake-
holders in the research process, promotes co-learning and empowerment. Instead 
of conforming to dichotomous, tree-like structures that distribute and stabilize 
privileges, authority, hierarchies, and status, transdisciplinary learning promotes a 
collaborative environment that supports a plurality of knowledge resources, educa-
tional biographies, and knowledge potentials (Nowotny et al. 2003). 

It is not surprising that the main topic of today’s debates is societal transfor-
mation, as transdisciplinary learning is fundamentally about societal change for a 
fair future for all. The educational goal ties transdisciplinary learning to ‣educa-
tion for sustainable development (Brennan and Sabogal-Paz) to empower people and 
communities with the knowledge, abilities, and attitudes required to contribute 
to a livable future. This emphasis highlights an additional key issue that is some-
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times overlooked: societal development cannot occur without the transformation 
of people’s values, beliefs, worldviews, and corresponding inner traits and capac-
ities. The objective is to promote students’ knowledge of their underlying motiva-
tions and highlight their ‣personal sustainability (Parodi, Wamsler, and Dusseldorp). 
Inevitably, learning is no longer a solitary or private activity: ‣engaged learning 
(Chmelka, Grif fith, and Weiner), a term that emerged from service learning, is today 
a general postulate to encompass pedagogical strategies and to allow students to 
gain knowledge through meaningful community engagement. From this angle, 
students are both engaged citizens and, at the same time – far from the logics of 
the capitalist market and its exploitation goals – ‣entrepreneurs (Mittelstädt, Myko-
lenko, and Wiepcke). Therefore, the educational objective across all subject areas, not 
just economics, may be to promote entrepreneurial action, spirit, or behavior. 

As a distinct approach within the realm of higher education, transdisciplinary 
learning emphasizes the significance of successful communication between the 
academic community and various societal sectors, including politics, civil society, 
culture, and business. Through the involvement of a broad variety of stakeholders,  
 ‣science communication (Kiprijanov and Joubert) as a dialogue-focused and par-
ticipation-oriented activity, plays a crucial part in the exchange of knowledge and 
research. A wide range of techniques has been established by higher education 
and research institutions throughout the world as well as other training providers 
in order to foster the knowledge and abilities required for planning and imple-
menting open discussion and participatory scientific communication.

In a time when knowledge production increasingly transgresses national 
boundaries, ‣knowledge transfer (Alhassan and Ruser) is a practical issue of para-
mount significance, although the very concept is contested within academic envi-
ronments of research, teaching, and learning. Substantial learning opportunities 
in terms of transdisciplinarity can further be explored in ‣Living labs (Backhaus, 
Böschen, John, Altepost, Cloppenburg, Fahy, Gäckle, Gries, Heckwolf, Matschoss, Meyer, 
Münderlein, Schmitt, Sonntag, Timpe, and Gramelsberger) and ‣real-world labs (Parodi, 
Steglich, and Bylund): integrated research and innovation processes between uni-
versity and local stakeholders in a public-private-people partnership. Research 
no longer takes place in closed labs: society itself is the new “laboratory” (Krohn 
1994) to develop sustainable solutions. Although the research on these practices 
has grown in importance over recent years, the involvement of students often re-
mains poor. Most labs are research rather than education oriented. The task is to 
open the lab culture as a learning arena for students.

The plentiful practical experiences and a lack of ref lection on its educational 
dimension also characterize ‣science shops (Legris and Becker), institutionalized by 
several European universities during the 1980s. Their central goal is to provide par-
ticipatory research support in response to industry or civil society concerns, par-
ticularly with regard to environmental conf licts, urban development, consump-
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tion, or sustainable innovation. However, here again, their ability to contribute 
to transdisciplinary education depends on their degree of student involvement. A 
similar reform phenomenon, ‣student-organized teaching (Bönisch, Becker, Blömer, 
Raj Pandey, Prūse, and Vollbehr) offers a major opportunity to experience transdisci-
plinarity individually on any chosen topics. The idea is easy: Any student can set up 
a project workshop with other colleagues or stakeholders. This approach permits 
studying without any professors or research assistants, with guidance provided 
only by a student tutor.

The panorama of transdisciplinary learning is even broader than these insti-
tutionalized programs and also covers uncountable creative practices. Typical-
ly, ‣scrum (Heibges, Jungnickel, and Feufel) can be used as an agile, playful project 
management framework that emphasizes iterative progress, collaboration, and 
adaptability in order to efficiently achieve project goals. ‣Design thinking (Taimur, 
Peukert, and Pearce) is also frequently employed as it emphasizes empathy, exper-
imentation, and iteration to create solutions. ‣Hackathons and challenge-based 
learning (Massari, Roversi, Finn, Solimeo, Jatwani, Fusco, Solimeno, Cavicchi and Vignoli),  
short-term events, in which obstacles must be overcome in a collective, often 
tech-based strategy, are an increasingly popular way to bridge the gap between 
academic research and practical applications. Transdisciplinary potential can 
also be attributed to ‣case studies (Meyer, Brundiers, Mader, and Weiser): they aim at 
helping students to find a better understanding of identified problems, by investi-
gating their origins, extent, and dynamics in the specific context and by deriving 
transferable knowledge for similar and future problems.

Transdisciplinary action, by all these practices, takes place in a “Third Space” 
(Soja 2007) where practitioners, educators, curriculum developers, and other 
stakeholders work together to create learning scenarios. It is closely related to 
learner-centered, research-driven teaching strategies that adhere to construc-
tivist principles, prioritize active learning, and support the growth of higher- 
order thinking skills – strategies aim to produce ‣scientific knowledge (Walter 
and Kremer) by methodically observing, testing, and analyzing social phenomena. 
Transdisciplinary research may be open to accusations of solutionism or to being 
branded as tendentious commissioned research due to its emphasis on quick, us-
able solutions to problems. Thus, in order to conduct and report this particular 
form of research in accordance with ethical principles and professional scientific 
standards, it requires its own ref lection and discourse within the framework of  
 ‣research integrity (Alavi and Schmohl). 

Transdisciplinary learning, as our overview shows, involves a focus on practi-
cal challenges, knowledge integration, normative components, and collaboration 
among many stakeholders. Although transdisciplinary learning does not create a 
new field, it enriches existing ones. In conclusion, the contributions to this Hand-
book underline the importance of higher education as an environment for the 
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personal development of both students and instructors. The primary objective of 
academic education is not preparation for the labor market, but the participants’ 
personal development. The promise of comprehensive education applies to everyone. 
Universities are not neutral spaces, but rather sites of contentious debate. With its 
ability to house the rhizomatic diversity of knowledge resources, it serves as an ago-
nistic arena (Mouffe 2013) of the various forms of cooperation that societies create in 
response to complex problems. By encouraging a collaborative and equitable trans-
disciplinary approach to learning, this Handbook is a contribution to setting the 
stage for conf lict, passion, and difference across, beyond, and away from disciplines.
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Boundary Work

Ulli Vilsmaier and Julie Thompson Klein

Definition 

The term boundary work is conventionally traced in science studies to Thomas Gi-
eryn’s (1983) demarcation of science from non-science. He described boundary 
work as creation, relocation, and strengthening of boundaries between science 
and other forms of knowledge such as religion in 19th-century Britain. He aligned 
it with the “attribution of selected characteristics to the institution of science (i.e. 
to its practitioners, methods, stock of knowledge, values and work organization) 
for purposes of constructing a social boundary that distinguishes some intellec-
tual activities as non-science” (1983, 7–82). For Gieryn, boundary work explores 
the interrelation of boundary construction and social identity and belonging to 
a community. With his analysis, Gieryn highlighted how boundary work can be 
enacted as ideological means to expand and monopolize authority through dis-
tinction and separation. Originally applied for analytical purposes, it was subse-
quently adapted for research spanning and crossing disciplinary and professional 
boundaries. Donald Fisher proposed a more generic definition: “Boundary work 
is defined as those acts and structures that create, maintain and break down the 
boundaries between knowledge units” (1993, 13–14). It encompasses claims, activ-
ities as well as institutional structures (Klein 2021). Langley et al. define boundary 
work as a “purposeful individual and collective effort to inf luence the social, sym-
bolic, material and temporal boundaries, demarcations and distinctions affecting 
groups, occupations and organizations” (2019, 704). They consider boundary work 
a practice that clarifies differences and enables connections. The authors further 
distinguish actions that aim at creating, maintaining, blurring, or transforming 
boundaries. 

Other scholars followed, broadening the concept to include applications to 
inter- and transdisciplinary research. In transdisciplinary research and learning, 
boundary work further addresses not only characteristics of knowledge fields but 
also sectors of society, including positionality of all participants to elaborate on 
different objectives, roles, and tasks through negotiation of ethical-political chal-
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lenges in collaborative processes. In classifying the concept, Peter Mollinga (2010) 
identified three types of boundary work: (1) development of appropriate concepts 
of bordering, which allow us to address the multidimensionality of research; 
(2) configuration of adequate boundary objects as instruments and methods, 
through which incomplete and insecure knowledge, non-linearity, and diverging 
interests can be approached; and (3) creation of boundary situations where con-
cepts, instruments, and methods can be explored in a profitable manner. 

In addition, neighboring concepts relate to different dimensions and types of 
boundary work. Paulo Freire (1996), for example, aligned the concept with emanci-
patory and liberating pedagogy. He consideres “limit acts”, drawing on Vieira Pinto  
(1960), as practices that expand perception and understanding of an existential 
situation people are experiencing and people are because they are “in a situation, … 
rooted in temporal–spatial conditions which mark them and which they also mark” 
(1996, 90). Limit acts are provoked by being challenged and ref lect upon a situation. 
According to Freire, working on boundaries is where transformation happens. Sahr 
and Wardenga (2005) also locate this idea of boundaries playing a central role in 
understanding and appropriating the world in the origins of Geography as subject. 
According to Kant (cited in Hard 1993), Geography is the pre-exercise in knowledge 
about the world (German: Kenntnis der Welt) and a precondition of an understand-
ing of the world (German: Welterkenntnis). It is in this formation of worldviews that 
the political character of boundaries brings itself to the fore. The common drawing 
of geographical boundaries that is anchored in polarities and an Aristotelian logic, 
however, is distinct to the boundary work this chapter highlights. Here, boundary 
work is introduced as a praxis of differentiating that brings forth connections while 
working in inter- and transdisciplinary research and higher education. A generic 
definition of boundary work consists of multiple practices related to differentiating, 
mediating, and negotiating different ways of knowing, acting, and being, thereby 
opening up conditions for joint thinking and collaboration or closing down options 
for co-work due to epistemological or value-based reasons. Boundary work is the 
praxis of making differences visible, utterable, and tangible to confirm, reinforce, 
transgress, transcend, or transform boundaries.  

Background 

Boundaries are a universal category. They are at the bottom of any formation of 
identity and social order. This generalization applies to the experience of the self 
brought to bear in forming standpoints and positionalities in the sense of locating 
ourselves in the world and belonging to it. Heintel et al. (2018, 1) consider bound-
aries, boundary demarcation, and transgression deeply internalized abstractions 
and actions. Nevertheless, as fundamental as the category of the boundary is, its 
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character and constitution remain elusive. Whether boundaries are given, or 
processually brought forth, is the stuff big theories are made of (Vilsmaier 2018). 
Post-structuralist considerations have particularly informed theoretical discus-
sion in recent decades, and shown that the ambivalence of the core concept of 
boundary defies clear definition. Redepenning draws attention to this ambiva- 
lence when emphasizing “boundaries are somewhat confusing [as] they limit 
‘something’ and at the same time give us the instruction to overcome the limits of 
that ‘something’” (2005, 168, own translation, italics in the original). Boundaries 
therefore always imply transgression. According to Cassirer (1994), boundaries 
can only be thought of as networks of relationships and processes that connect 
aspects of perception, expression, and action. Thus, bordering and ordering can 
be considered complementary categories (Sahr and Wardenga 2005). Every pro-
cess involves acts of positioning and relationing that demarcate and transgress 
boundaries. While the concept of difference focuses on the one and the other, the 
concept of bounding shifts attention to a third process. Compared to the concept 
of border demarcation, bounding does not only describe demarcation but also the 
emergence and reconfiguration of boundaries. With his concept of Third Space, 
Bhabha (2004) introduces a topography that emerges from bounding and enables 
mediation of differences. Thereby, difference is considered a dynamic, or more 
precisely a diastatic, category that only comes into being in processes of differen-
tiation (Vilsmaier 2018). 

Boundaries are also at the bottom of the landscape of modern science. Disci-
plines only exist against the background of other disciplines they separate from. 
In this act of separation, Hamberger (2004) sees a transdisciplinary momentum 
in any discipline and Bhabha (2006) considers boundaries between disciplines 
as barriers to transverse or transcend when entering interdisciplinary inquiries, 
and at the same time “liminal forms of definition”. The ambiguity of boundaries 
is apparent within inter- and transdisciplinary research, teaching, and learning. 
Boundaries between disciplines or specialized fields of knowledge structure in-
stitutionalizing distinctions as while multiple forces drive us to transgress them. 
We draw our professional identities from limited fields that allow us to develop a 
standpoint, while at the same time seeking to transcend them. Often, the impos-
sibility of fully grasping a phenomenon from different disciplinary perspectives 
drives us towards boundaries. 

Yet becoming aware of boundaries prompts acting upon them (Freire 1996). 
What matters most here is different dimensions of reference from which we 
attend to boundary work. This imperative is central to boundary-spanning and 
boundary-crossing research, allowing us to understand underlying conceptions 
of boundaries. Of added significance, it is crucial to consider whether bound-
aries are conceived as stabilizing or narrowing entities from the perspective of 
differentiation or from a performative conception of boundaries. The distinction 
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pertains whether one strives towards fixating the separating elements (A and B, 
such as two different disciplines) as a basis of creating connections, or whether  
commonalities, differences, overlaps, and intersections bring forth C that not 
only includes but also modifies A and B. The focus is therefore on either objects 
or entities (e.g. disciplines) or subjects or people (e.g. researcher). If phenomena 
or problems require alteration of historically developed processes of ordering, of 
a shift or even demolishing of boundaries, this added caveat also requires atten-
tion to institutional practices and professional identities. When critiqued, what is 
known, customary, established, or unquestioned can hence shatter or weaken a 
supposedly sound terrain, or conversely be vindicated and open up to transgress-
ing boundaries (Vilsmaier 2018). 

Debate and criticism 

Despite the popularity of inter- and transdisciplinarity and neighboring bound-
ary-spanning and boundary-crossing forms of research, boundary work still re-
ceives little to no systematic attention. Transdisciplinary forms of research and 
learning are often more celebrated than they are founded epistemologically and 
conducted methodologically. Thus, they are not only vulnerable to attack but also 
prone to fail to transgress boundaries, integrate knowledge, or unfold transfor-
mative potential. A solid understanding of the kind of boundary spanning or 
crossing in research, teaching, and learning is key for conducting boundary work 
that enables mutual understanding of existing boundaries and also whether and 
how to work productively on these. 

A recent book placing boundary work at the heart of inter- and transdiscipli-
narity brought together prior and new recognition of its centrality while extending 
implications (Klein 2021). Boundaries have a dual function: they demarcate differ-
ent forms of expertise but are permeable and contingent as well, leading to both 
difference – in images of turf and territory – and interaction – in biological images 
of cross-fertilization. The two underlying metaphors, though, do not constitute a 
dichotomy. They operate simultaneously in the composite concept of an ecology of 
spatializing practices, illustrated by the evolving nature of disciplines as well as en-
claves of trading zones and communities of practice. Thus, boundary work entails 
navigating and negotiating existing divisions as well as catalyzing new enclaves, 
while also bridging sectors of the academy, government, industry, and communities. 
Updated descriptions of disciplines also acknowledge their porous nature. Open-
ness to change, however, is uneven, and lack of familiarity with inter- and trans-
disciplinarity limits prospects for transformational change. Michael Foucault (1995) 
stipulated boundaries that prescribe social order, and dualisms of normality and 
deviance, as well as belonging and not-belonging. In that sense, a boundary clas-
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sifies, categorizes, sorts, segments, and normalizes. It also includes and excludes, 
privileges and de-privileges. Yet boundary remains uncrossed. Moreover, boundar-
ies are contested and their authority is disputed. The boundary rhetoric of both inter- 
and transdisciplinarity, then, is complex: it “compasses acts of spanning, crossing, 
and bridging; processes of interacting, integrating, and collaborating; strategies of 
brokering, mediating, and negotiating; operations of demarcating, constructing, 
and refiguring; new relations of interdependence and convergence; and outcomes 
of breaching, transgressing, and transforming” (Klein 2021, 22–23). 

Methods of boundary work support systematic approaches to elaborate on 
differences while differentiating and thereby laying the ground for integration 
(Vilsmaier 2018). The term method encompasses different types of proceedings. 
Methods of boundary work serve multiple purposes, ranging from creating condi-
tions for shared thinking and acting by creating understanding for one’s own and 
others’ standpoint and positionality, support problem framing and mutual learn-
ing, and, depending on the types of research, theoretical or methodical integration 
or product development. They often deploy a related concept highlighted in this 
chapter: boundary objects. According to Star and Griesemer, who introduced the 
concept in 1989 in the field of Science and Technology Studies, boundary objects 

“are both adaptable to different viewpoints and robust enough to maintain identity 
across them” (1989, 387). Boundary objects can mediate between different social 
worlds: “They have different meanings in different social worlds but their structure 
is common enough to more than one world to make them recognizable means of 
translation” (Star and Griesemer 1989, 393). The authors distinguish between re-
positories, ideal types, coincident boundaries, and standardized forms. Bergmann 
et al. broadened the meaning of boundary objects for practices of integration in 
transdisciplinary research. The concept is applied to all sorts of “interfaces where 
actors from different fields, such as science, politics and business, meet and com-
municate” (2012, 105). Deployed as integration methods, different entities play out 
as boundary objects, such as artifacts, products, abstract ideas, common research 
goals, illuminating examples, or publications (Bergmann et al. 2012). 

In methods of boundary work, boundary objects first and foremost serve the 
elaboration of differences. Peukert (2022) experimented with design prototyp-
ing as boundary work, using prototypes as boundary objects in transdisciplinary 
research. The dual characteristic of process character and object status could be 
identified as a particular quality of prototyping. Working with highly diverse re-
search participants in a case study in rural Romania, language of form of proto-
types and common abilities in constructing and modifying these turned out to 
be a powerful way of navigating differences and unequal means of conceptual 
expressions (Peukert et al. 2020). 

Conceptual work is an elementary form of boundary work in transdisciplinary 
research. The more heterogeneous a research team, the more likely that the same 
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concepts carry different meanings in different social worlds. Boundary concepts 
are key means of making connections. They are semantic anchors for developing 
coherent research frameworks and meaningful results that exhibit communica-
tive, epistemic, and ethical–political dimensions. Conceptual work aims at cre-
ating mutual understanding for different semantics and roles of concepts in a 
research field, as well as negotiating the use of concepts. However, the process 
is often not explicitly placed within research processes, leading to difficulties 
(Hoffmann et al. 2017). Many technical terms are used in everyday language and 
mutual understanding is often presumed, but without exploring their meaning 
(Bergmann et al. 2012). These tendencies can become obstacles showing the par-
adoxical nature of such concepts. Quotidian usage of terms can be made produc-
tive for communication, but semantic differences are too easily glossed over (ibid. 
2012). Conceptual work, however, is by no means limited to academic clarification 
of meanings. It has a significant political dimension where disciplinary or, more 
generally, scientific hegemonies and inequalities in conceptual abilities may easily 
play out. Here, conceptual work as boundary work has the potential to create vis-
ibility not only for different semantics of terms but also for differences amongst 
collaborators. In that sense, conceptual work can be defined “as the collaborative 
process of clarifying the meaning and use of concepts across disciplines and epis-
temic cultures, developing mutual understanding and balancing power inequal-
ities amongst participants in order to support knowledge co-creation” (Juarez-
Bourke and Vilsmaier 2020, 25).

Current forms of implementation in higher education 

Boundary work draws on difference. In higher education, it is particularly useful 
when guiding students from different study fields. Multi-, inter-, and transdisci-
plinary classrooms present great opportunities for boundary work. Experiencing, 
exploring, and systematically approaching different perspectives and ways of act-
ing upon a given problem, boundary work equips students with abilities and tech-
niques to elaborate on and integrate different knowledges or practices. In research 
on environmental science education, Fortuin (2015) further distinguishes bound-
ary-crossing skills from inter- and transdisciplinary cognitive skills and ref lexive 
skills. Boundary-crossing skills should equip students to (1) be aware of different 
disciplinary, cultural, theoretical, and practical perspectives; (2) acknowledge the 
values of using these perspectives in addressing complex problems, and (3) use vari-
ous disciplinary perspectives and connect them, to collaborate, negotiate, make de-
cisions in intercultural settings, and deal with complexity and uncertainty (Fortuin 
2015, 133). 
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To illustrate: in a student-driven transdisciplinary research module, conducted 
over several years in a Master’s program of sustainability science, different forms 
of boundary work were applied to train students in boundary work on three levels 
(Vilsmaier and Lang 2015). (1) On the personal level, students explore and elaborate 
their professional profiles and identities related to their study fields. This kind of 
boundary work departs from the perception of others’ professional characteristics. 
For instance, a sociologist provides a description of his or her imaginary of a sus-
tainable chemist and vice versa, thereby laying bare often glossed over assumptions, 
supporting ref lection and building self-awareness of the student’s specialization. 
The process aims to uncover assumed positions from which a research or study 
subject is approached. Thereby, not only abstract systems of knowledge. Individual 
configurations of the same unfold, helping visualize researchers’ positionality with 
regard to their situatedness within knowledge fields, paradigms, and personal situ-
ated accounts that inform study and research (Rose 1997). Within transdisciplinary 
research and learning, this procedure also takes on cultural and social situatedness 
while taking values and norms into consideration (Rosendahl et al. 2015). Boundary 
work allows for visualizing situated relations of researchers or learners with each 
other (Klein 2010). (2) On the level of knowledge fields, students explore their study 
fields by developing topographies of knowledge fields with regard to core topics, 
dominant theories, and common methods. Based on individual maps, student 
teams elaborate on commonalities while exploring differences. As a result, a map of 
the student team is developed that provides insights into the team’s expertise, abil-
ities, and perspectives. Already at this stage an interdisciplinary in-between space 
shapes and serves as a starting point for collaborative research. (3) On the level of 
societal domains, boundary work includes elaboration of differences with regard to 
roles, responsibilities, interest, and objectives in a transdisciplinary team. At this 
level, students enter the constitution of a transdisciplinary in-between space that 
emerges from difference (for more details see Vilsmaier and Lang 2015).

Didactical approaches that prepare students to deal with the complexity they 
will face conducting transdisciplinary research must pay particular attention to a 
literacy of dif ference – supporting students in ref lecting on their own positionality 
and in developing an attitude of openness for mutual learning. 
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Definition

The term case has its etymological roots in the Latin casus and literally stands for 
“a fall”, being understood as an “accident” in terms of “a chance, occasion, oppor-
tunity” (Harper 2022). Thus, a case study refers to the investigation of a specific 
event, for example a product, people, or organization, or processes such as policy-
making, decision-making, and transformation. It illustrates a rich and multi-lay-
ered picture of the selected phenomenon and its setting, which is often charac-
terized by complex circumstances. The aim of a case study is first to gain a better 
understanding of the phenomenon by investigating and revealing its mechanisms 
and origins in its specific context, and then to derive lessons learned, which may 
be transferable to other and future cases. Cases can be real phenomena, fictitious 
inquiries, or circumstances drawn from the literature. Considering the versatility 
of case studies, they are applied in many disciplines in research and teaching at 
higher educational institutes. 

Yin (2018) provides general guidelines on planning, preparing, and executing 
case studies, and sharing results from case study research, which can be adjust-
ed and applied to various disciplines. In general, designing a case study offers 
choices along several variables: scope (e.g. depth, breadth, and boundedness), 
function (e.g. theory-testing versus action-oriented problem-solving), and out-
come (e.g. theoretical practical insights, lessons learned, policy options), as well 
as format (e.g. single versus multiple case studies). Single cases may contribute to 
either confirming or challenging a theory, or to represent a unique or extreme phe- 
nomenon, which can be a fictitious inquiry or circumstance drawn from the lit-
erature. Single cases require careful investigation to avoid misrepresentation. 
In contrast, using multiple cases in conjunction with quantitative research ap-
proaches allow for cross-case comparison and potential replication of research 
approaches, holding the possibility of providing findings that are more robust and 
generalizable or transferable to other cases (Adler et al. 2018; Stake 2013, 39–41). 
Both single and multiple case studies should use multiple sources of information 
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to integrate knowledge from the case study with scientific and other pertinent 
societal discourses. While some disciplines rely on qualitative sources of evidence, 
such as interviews, observations, documentation (Yin 2018, 111–13), multidisci-
plinary approaches to complex problem-solving call for mixed-method data col-
lection that integrates qualitative and quantitative resources, such as systems 
dynamics modeling and formative scenario analysis (Scholz and Tietje 2002).

Transdisciplinary case study research explores socially relevant problems in 
collaboration with scholars from different disciplines and practitioners from var-
ious sectors (Bergmann et al. 2012). To facilitate the collaborative study mode, a 
transdisciplinary case study typically contains three main phases: (1) joint prob-
lem-framing, (2) co-production of knowledge, and (3) integration and application 
of knowledge (Bergmann et al. 2012; Brundiers and Wiek 2013; Lang et al. 2012).

In sustainability studies, transdisciplinary case studies evolved from conduct-
ing research on sustainability problems, resulting in deeper analysis and descrip-
tion of the problem, to studies that also investigate solutions to these sustainabil-
ity problems. This solutions-oriented research may focus on developing solutions, 
studying their actual implementation, or evaluating the effects of implemented 
solutions. In either process, researchers, students, and practitioners can select 
different degrees of collaboration and co-production of knowledge, ranging from 
informing and consulting each other to collaborating with potential implementers 
(e.g. policymakers or NGOs) and affected actors (Lang and Wiek 2022; Lang et 
al. 2012; Stauffacher et al. 2006). In higher education teaching, transdisciplinary 
case study approaches offer students opportunities to learn how to methodically 
approach complex action-oriented problem-solving processes in a collaborative 
format (Brundiers and Wiek 2013). 

Background

The general case study method was first applied at the beginning of the 1900s in 
qualitative case study research in social and anthropology studies (Platt 1992). 
Since then, different strands evolved in parallel (Table 1). Various disciplines em-
braced the problem-centered case study approach, including law, business, and 
management, as well as educational sciences. Those studies were rather single-
case-based, descriptive, and qualitative in nature and were considered as a special 
form of experimental, statistical, or comparative methods. At the same time, case 
studies were introduced as a teaching demonstration tool in disciplines such as 
business, law, and medicine (McNair and Hersum 1954). In these disciplines case 
studies are continuously used to derive and evaluate knowledge about individuals, 
groups, and organizations and related social and political phenomena (Carter and 
Unklesbay 1989).
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In the 1950s, systems dynamics offered a new modeling approach for simu-
lating the behavior of real-life social systems (Forrester 1971). Drawing on the ad-
vancement in systems thinking and complex real-world problem-solving through 
Checkland’s (1972) soft systems methodology and Meadows’ (1999) system-inf lu-
encing leverage points, it became possible to understand how phenomena change 
through time and how to direct future developments. Since the 1980s, knowledge 
on the design of the case study approach and on its process has been solidified 
(Merriam 1998; Ragin and Becker 1992; Stake 1995; Yin 1981) and case studies were 
increasingly used in many more disciplines, such as planning sciences, and de-
cision-making and risk research. This fostered the incorporation of scenario 
planning as a quantitative source of evidence into the environmental case study 
approach (Gomm et al. 2000). In the mid-1980s, environmental problem-solving 
emerged as a goal of education, research, and application; the transdisciplinary 
case study approach was developed at the Eidgenössische Technische Hochschule 
(ETH) in Zurich (Müller-Herold and Neuenschwander 1992). Since then, univer-
sities have adjusted case-based learning courses, providing real-world learning 
opportunities for students to identify the interdependencies and complexities of 
(research) problems and striving to integrate pertinent academic disciplines. In 
the 1990s, the case study approach became more collaborative as more methods 
and approaches for transdisciplinary collaboration were developed (Scholz et al. 
2006), and as participatory action research had advanced in education, combining 
theory, research, and practice towards a problem-based methodology focusing on 
theories of action (Carr and Kemmis 1986).

In the 2000s, case studies evolved towards an integration of various types of 
methods and were used not only to describe and observe phenomena, but also to 
analyze how to change, fix, and improve contemporary situations. As sustainabil-
ity science emerged as a research field, solutions- and action-oriented case study 
approaches were applied in various sustainability-related contexts such as disas-
ter recovery, bioenergy, and precautionary purchasing, vulnerability assessment, 
or water resource management (Wiek et al. 2012). The concept of sustainability 
science inf luenced the learning situations at universities (Stauffacher et al. 2006) 
and spaces were created to shift the focus from the disciplinary perspective to the 
inter- and transdisciplinary collaboration of science and practice. 

The complex challenges facing societies in the 21st century, such as the climate 
emergency, increasing urbanization, rising inequalities, and loss of biodiversity 
(IPCC 2022) expand the focus of case study analysis for transformational change 
towards advanced participatory research settings and stakeholder involvement as 
well as capacity-building and better generalization of single and multiple cases 
(Caniglia et al. 2021; Lang and Wiek 2022; Wiek et al. 2012).
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Table 1. Developments in the history of case studies and educational innovations 

Case studies (~1900) Transdisciplinary 
research (~1990)

Sustainability Science
(~2000)

Learning that is… – individual
– problem-centered
– context-related

– collaborative and  
 participatory

– social and  
 participatory
– problem- and  
 solution-oriented
– competency-based
– centered on  
 real-world issues

An epistemology 
that is…

– descriptive and  
 exploratory

– integrative – transformational

The investigated 
phenomenon is…

– mostly a single case
– often defined as  
 monodisciplinary

– complex
– requiring inter- and  
 transdisciplinary  
 approaches

– complex and difficult  
 to define
– requiring transdisci- 
 plinary approaches

Applications of 
case studies…

– in research or  
 teaching

– that combine  
 research and teaching

– that integrate  
 research, teaching  
 and goal of social  
 transformation

Debate and criticism

The co-evolution of case studies as a research method and teaching tool in differ-
ent disciplines produced diverse approaches to case study work. Thus, the litera-
ture contains numerous examples that are referenced as case studies in research, 
teaching, or practice, but not all of these approaches ref lect the characteristics 
and guidelines for the use and design of case studies (Gerring 2004). Comparing 
these case studies in attempts to gain generalizable insights remains a challenge, 
because case studies differ in disciplinary approaches and scope (complexity, 
context), as well as function and outcome. The multi-methods design of the case 
study approach is still considered to be a weaker form of analysis compared to a 
quantitative methods approach, as the latter may promise repetitions, which may 
increase representativeness, reliability, and validity (Takahashi and Araujo 2020). 
In either case, interpreting observations requires robust data collection and anal-
ysis, as well as competencies including critical thinking and normative and ethi-
cal competencies (Takahashi and Araujo 2020). In writing up the results of their 
case study analysis, researchers need to differentiate results that describe the 
studied unit and results which may apply to a broader set of units (Gerring 2004). 
Thus, considering these challenges, common research protocols for case studies 



Case Study 35

are needed to yield comparable data on inf luencing variables and to enhance the 
reliability of cross-case comparisons. Case studies in transdisciplinary sustain-
ability science aim to develop context-sensitive sustainability solutions and an 
understanding of whether and how such solutions could be transferred to other 
contexts and what adaptations such transfer might entail (Forrest et al. 2020). 

Case study methods are a suitable strategy for teaching and learning about 
problem-solving competencies to address complex issues. Case study teaching 
and learning in transdisciplinary settings is a demanding task. Nevertheless, the 
application of criteria for developing good case study teaching, such as establish-
ing a framework for student discussion and debate, is not as strict (Yin 2018, 19). 
This allows for adjusting the case study to the level of students being taught, to be 
relevant to the course content, and to provide a way for students to practice the 
knowledge and skills they have learned so far in their study program. More em-
phasis needs to be put on better understanding context conditions across various 
cases to improve the generation of socially robust knowledge. The implementation 
of a common framework on self-directed learning and key competencies in sus-
tainability could help support students dealing with the demanding case study 
work (Brundiers et al. 2021; Pearce et al. 2018; Wiek et al. 2015). 

Teaching case studies also demands additional skills from instructors (e.g. 
coaching, supporting the learning processes). To ensure that case studies as teach-
ing tools can best fulfill their potential, instructors need to be trained in teaching 
good case studies (Barnes et al. 1994; Brundiers and Wiek 2013; Weber and Kirk 
2000). Weber and Kirk (2000) stressed that attempts to align demands and ex-
pectations of scientists and practice partners often lead to difficulties. To avoid 
burdening instructors with additional tasks related to stakeholder collaboration, 
it is recommended to hire a “Transacademic Interface Manager” – a person who 
is trained in facilitating transdisciplinary sustainability research and education 
in collaboration with stakeholders (Brundiers and Wiek 2013). A Transacademic 
Interface Manager can help facilitate alignment among researchers and stake-
holders around shared purposes, by explaining different approaches and devel-
oping curricula and standardized protocols (Caniglia et al. 2021). Tools to support 
collaboration exist and are offered, for example, through platforms like the td-net 
(td-net 2023) and the tdAcademy (2023).

In summary: (1) Benefits for students in transdisciplinary and solutions-ori-
ented sustainability case study learning include investigating real-world sustain-
ability issues in collaboration with stakeholders with the goal of co-producing a 
potentially transformational solution as a motivational driver. This offers valu-
able opportunities for intellectual, professional, and personal growth as a sus-
tainability change agent. (2) Challenges comprise collaborating with stakeholders 
and diverse scholars in a research-based educational setting requires reconciling 
different ways of knowing and working, as well as timelines and reward systems. 
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Finally, (3) to embrace the challenges, the interpersonal skills and personal strengths 
needed for such collaboration can be trained and are valuable professional skills 
in the workforce (Inner Development Goals, n.d.; Ives et al. 2020). Similarly, skills 
for inter- and transdisciplinary research can be developed through self-directed 
learning and seeking out training opportunities offered, e.g. through campus 
transdisciplinary living learning labs (Fam et al. 2018). 

Current forms of implementation in higher education

As discussed above, various disciplines use (transdisciplinary) case studies in 
research, teaching, and practice and implement them in diverse ways specific to 
their topics, disciplines, and contexts. Contextual aspects shaping implementa-
tion include socio-ecological and cultural dimensions of place as well as the edu-
cational and political system of countries (Mieg et al. 2022, 441–43). Selected ex-
amples show that sustainability-related challenges and collaborative approaches 
are gaining momentum in case study implementations.

A case study in the Seychelles addressed the problem of solid waste and in-
volved students and researchers from ETH Zurich and the University of Seychelles, 
as well as representatives from the Seychelles’ Ministry of Environment, Energy 
and Climate Change, the private sector, and the community. By applying soft sys-
tems methodology and design thinking, students learned to better understand 
the problem and developed place-based and context-sensitive solutions together 
(Krütli et al. 2018; Pohl et al. 2018). Urban sustainability was addressed within a 
socio-ecological systems framework in case studies in southern Africa (Thondh-
lana et al. 2021) and Austria (Biberhofer and Rammel 2017). They investigate chal-
lenges, such as poor sanitation and power supply in different southern African 
urban areas and increasing CO2 emissions and limited fossil resources in Austri-
an cities, respectively. Case studies in Mexico, Colombia, Nicaragua, and China 
(Transdisciplinary Student Team Research) investigated rural development ac-
counting for local conditions (Acevedo-Osorio et al. 2020). Students were engaged 
in problem-based- and co-learning with peers to develop responsible actions that 
support sustainable rural development. 

These examples highlight the spectrum of teaching and learning approaches 
ranging from student-centered, experience-based service learning to approach-
es that aim to increase broader social learning in transdisciplinary learning. The 
examples also illustrate how learning objectives for students combine, in varying 
degrees, content knowledge, professional skills, and sustainability competencies 
to create a meaningful teaching and learning environment in higher education. 
As such, they emphasize the need to provide good teacher training offerings when 
implementing such complex teaching innovations. Real-world laboratories sup-
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port long-term learning and teaching at the science–society interface, engaging 
students with all phases of transdisciplinary research, including framing the 
project as well as developing and testing solutions, and evaluating processes and 
outcomes (Barth et al. 2017; Beecroft 2018; Singer-Brodowski et al. 2018). Thus, 
in conclusion, the examples show how transdisciplinary case studies may vary, 
ranging from a traditional focus on a deep understanding and co-development 
of the problem in its context to an emphasis on co-designing solution approaches 
and using gained knowledge to advance science and practice. 
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Citizen Science

Melanie Jaeger-Erben, Frank Becker, Baiba Prūse, Jimlea Nadezhda Mendoza,  
Jutta Gutberlet, and Eliana Rodrigues

Definition

The term citizen science originates from Anglo-American contexts and generally de-
scribes the procedure of involving citizens who are not institutionally anchored in 
academia as active participants in a scientific research process. The use of the term 

“citizen” (etymologically derived from the Anglo-French word citisein “inhabitant of 
a city or community”, approx. 13th century), indicates a specific understanding of 
the persons involved, who, in the sense of the term citoyen coined in the French 
Enlightenment, actively and autonomously participate in the community and help 
to shape it. The tasks of citizens in this context range from collecting data to co-de-
signing the entire research process, applying scientific quality standards, and pro-
ducing scientifically usable results (Haklay et al. 2021; Pettibone et al. 2017). Citizen 
science as a designation for a specific form of knowledge production is mainly used 
in the European and North American context, where a differentiated research and 
funding landscape has evolved since the beginning of this century (Haklay et al. 
2021). Similar approaches can be found in other parts of the world, but are framed 
under alternative terms such as community science (Conrad and Hilchey 2011) and 
community-based research (Amauchi et al. 2022). Citizen science brings together a 
multiplicity of approaches ranging from mass data collection events for citizens 
to forms of independent or self-determined research by non-academic groups or 
communities, calling the term itself into question (Eitzel et al. 2017).

Background

Long before the term citizen science was coined in 1989 (Kerson 1989), citizen en-
gagement in science shaped the history of science in North America and Europe 
and was vital to its formalization and institutionalization (Mahr and Dickel 2019; 
Vetter 2011). For example, amateur experts like bishops, farmers, hunters, and so-
called gentleman engaged in the collection and processing of data and information 
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and pushed the evolution of humanities and natural science up to the 18th century 
(Brenna 2011; Chuine et al. 2004; Porter 1978). However, during the course of the in-
stitutionalization of science in North America and Europe in the 19th and early 20th 
centuries, voluntary scientific work by citizens was marginalized (Miller-Rushing 
et al. 2020). As disciplines differentiated, the pressure increased to legitimize and 
standardize scientific methods and procedures. Scientists started to claim a certain 
status as professionals which led to citizen science being more and more displaced 
as an (equal) actor from the scientific community. Nonetheless, data collection en-
abled by citizen engagement has retained a certain prominence in the natural sci-
ences (Bonney et al. 2016; Resnik et al. 2015), with sometimes thousands of citizens 
participating in the observation of birds or insects, collecting and classifying data. 

It is only since the end of the 20th century that citizen science has been in-
creasingly associated with a programmatic call for opening up science in the Eu-
ropean and North American context. This can be seen as an after-effect of the 
Mode 2 science debate coined in the 1980s (Gibbons et al. 1994), which describes a 
change in the organization and epistemology of scientific knowledge production. 
The protagonists of the Mode 2 debate call for the participation of social groups 
outside science in knowledge-producing processes, in addition to a stronger ref-
erence to application. The Mode 2 debate has primarily shaped the emergence of 
transdisciplinary sustainability research, but is often used to justify the relevance 
of citizen science (Pettibone et al. 2017). Another related but different term is 
Science 2.0, which highlights new possibilities of communication and knowledge 
production due to the emergence and diffusion of digital tools and media (Büchel-
er and Sieg 2011). Science 2.0 emphasizes not only the expanded possibilities for 
science communication, for example through open access, but also the opportu-
nity for increasing interactivity between research and society. This relates to ini-
tiatives in the context of Open Knowledge and Open Education which advocate for 
open data and open source infrastructures, not only to increase the level of trans-
parency and reproducibility of science, but also to build the foundation for civic 
engagement with technologies and facilitate bottom-up technology development 
(Voigt 2021). 

Beyond this particular development of citizen science in European and North 
American science systems, a separate line of participatory procedures which 
broadly fall into the category of citizen science has developed among others in 
postcolonial countries and regions. The focus here is often on the exploration and 
visualization of indigenous knowledge, which not only facilitates the collection 
of a type of data that is more closely oriented to the lifeworld of local populations 
(e.g. Eicken 2010; Snively and Corsiglia 2001), but also follows emancipatory objec-
tives. These attempts can be associated with the plea for a decolonization of science 
that goes beyond (colonial) hierarchies in knowledge production and ownership 
(Bhawra 2022; Mistry and Berardi 2016).
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The background is thus complex and citizen science is a colorful and broad 
landscape of phenomena rather than a clearly definable methodological practice. 
A variety of typologies describe different intensities of participation along the re-
search process (see Haklay 2013; Riesch and Potter 2013; Wiggins and Crowsten 
2011). Haklay (2013), for example, distinguishes between Crowdsourcing (mainly 
virtual participation and data collection), Distributed Intelligence (cooperation in 
different phases of the research process), Participatory Science (cooperation in all 
phases of research), and Extreme Citizen Science (research mainly led by citizens or 
non-academics). Wiggins and Crowston (2011) describe education as a particular 
form of citizen science which represents a vast variety of different types of pro-
jects, where citizen science tools are used in courses at schools, universities, mu-
seums, and other educational institutions to enhance learning and science com-
munication. But even though most typologies try to be as exhaustive as possible, 
they do not cover all cases of citizen science, particularly hybrid forms, like the 
integration of art projects and participatory action beyond disciplinary, sectoral 
or national borders (see Filgueira Risso and Greco 2020).

Debate and criticism

The increased attention towards citizen science can be connected to different 
transitions and innovation impulses in science systems. Since the beginning of 
the 21st century, the debate about the social relevance of science has gained mo-
mentum and traditional hegemonies of knowledge production are questioned 
(Böschen 2019). In this context, citizen science is supposed to overcome looming 
crises of legitimacy, such as declining trust in scientific evidence (Saltelli and 
Funtowicz 2017) and the call for citizen-oriented or citizen-involving research be-
comes part of a plea for greater engagement of science in societal transformation 
(Schneidewind et al. 2016). Modern science can also see citizen science as an op-
portunity to improve science communication, where citizens are more than an 
audience consuming research results (Bonney et al. 2016). 

While citizen science has gained some popularity in science and science policy, 
a main challenge to a systematic overview of the debate is the increasing confu-
sion of formats, goals, and actors in the growing field (see Strasser et al. 2019). 
Authors from different disciplines have repeatedly questioned the trend to gather 
many different approaches under the umbrella of citizen science (Eitzel et al. 2017; 
Haklay et al. 2021), since it obscures not only the differences but also the problems 
that can be associated with citizen science. Three critical issues in the rise of citi-
zen science can be discerned.

The first issue relates to the quality and credibility of citizen science practices. 
On the one hand, the increasing availability of funding and the inclusion of cit-
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izen science in political strategies such as the European Green Deal (European 
Commission 2020) are revitalizing the field and giving it necessary attention. On 
the other hand, these measures can also lead to citizen science degenerating more 
and more into a label that is used primarily because the term is currently in vogue 
and not because it is scientifically or socially necessary. There is a certain risk that 
citizen science serves as a legitimacy provider instead of an “honest” attempt at 
co-creating socially relevant knowledge. This is particularly delicate in the con-
text of funded citizen science research between the so-called Global North and 
Global South. Since citizen science originates from a Western European–North 
American context, terminologies and procedures are used that reproduce a West-
ern image of science and implicitly reproduce hierarchies and power relations be-
tween those who offer participation and those who participate. It might lead to 
situations where the wrong questions are posed (Vela et al. 2021) or stereotypes 
arise about what “indigenous” means (Eitzel et al. 2017). Particularly in projects 
that aim for  “eye-level” research beyond hierarchies of power in knowledge pro-
duction, academic scientists might still superimpose their terminologies – and 
with them their paradigms and values – onto the research process and reproduce 
the (colonial) hegemonies they intend to overcome (Vela et al. 2017).

This related to a second critical issue which considers the claim of the promo-
tion of democratization and participation. Even if citizen science has the potential 
to break down stereotypes about “science in the ivory tower”, it seems question-
able whether the projects, which are mostly tied to short-term funding and whose 
funding is also decided by scientific and political elites, can at all overcome cur-
rent hegemonies of knowledge production and injustices in the education and 
science system (Strasser et al. 2019). The inclusion of citizens in scientific knowl-
edge production is not just a matter of establishing channels of communication. 
Citizen science requires conf lict management and, for academic researchers, 
always means relinquishing some responsibility and control over the research 
process (Weng 2015). The role of expert is not reserved for academic partners. 
Rather, different forms of expertise need to be defined (Mistry and Berardi 2016). 
Engaging in citizen science requires training of representatives from society in 
scientific methods which transforms them into some sort of experts. The crucial 
question then is: Is this expertise accepted by the “professionals” or not? Further-
more, questions of intellectual property and possible conf licts of interest need to 
be clarified (Resnik et al. 2015). Since citizens are often expected to volunteer for 
research, the question of potential exploitation arises (Riesch and Potter 2013). At 
the same time, there is the risk of delegitimizing professional academic work and 
an “Uberizing” of research (Strasser et al. 2019, 67). 

The third critical issue relates to the work and roles of academic scientists and the 
contexts in which they are working. Notwithstanding the mentioned opportu-
nities, motivating citizens to engage in research collaboration is a double-edged 
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sword. Generating and sustaining interest and motivation over an extended pe-
riod of time requires target-group or even person-specific approaches which con-
sume much time in a situation where time is rare (Aristeidou et al. 2017). Co-de-
signing research projects requires a high degree of ref lexivity and the freedom 
(and time or resources) to adjust methods, strategies, and forms of communica-
tion (see Figure 1). Conducting citizen science is also a risk for academic research, 
because it is by no means clear whether the hoped-for effects will occur at all, de-
spite greater effort, and whether the results will meet scientific standards (Riesch  
and Potter 2013). Furthermore, doing citizen science is not only a question of 
forms and methods, but also of developing relationships. Institutionally inte-
grated, professional scientists need to apply communication skills and to develop 
forms of interaction – mostly without relevant training – in order to address, ac-
tivate, and continuously interact with citizens. Intense forms of collaboration and 
co-design require high ref lexivity from each person involved, particularly when 
developing research questions and interpreting data (see Figure 1).

Citizen science – if designed as an action- and transformation-oriented pro-
cess – is an invitation to academic scientists to leave self-referential communica-
tion contexts, make their knowledge more accessible and debatable, and increase 
the chance that this knowledge becomes socially relevant (Stilgoe 2009; Wildschut 

Figure 1. The two-stage ref lection process in a citizen science collaboration  
(illustration: Frank Becker)
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2017). This openness also entails taking the notion of the citizen (citoyen) in citizen 
science seriously, and recognizing their interest in participating in societal devel-
opment and shaping their lifeworld contexts (see the Irish Citizens’ Assembly as an 
example for framing this notion of citizen in science: The Citizens Assembly 2022).

Current forms of implementation in higher education 

The (often confusingly large) variety of citizen science approaches has some ad-
vantages since it offers many opportunities of implementation in higher educa-
tion. A considerable challenge for a discussion of current forms of implementation 
is that published literature on empirical examples is rare. A recent review of by 
Vance-Chalcraft et al. (2022) revealed that most published literature stems from 
the United States, which could only represent part of the picture. The review shows 
that the majority of applications of citizen science reported in the literature is on 
topics like ecology and environment, followed by health and medicine. At lower lev-
els of education (introductory courses), the participation was mainly concentrated 
on collecting data, whereas in higher levels of education it also stretched to the 
analysis of data and the development and test of hypotheses. The learning objec-
tives for using citizen science in higher education were manifold, but mostly teach-
ers wanted to foster the students’ excitement about science, bring them into con-
tact with authentic research, and demonstrate the relevance of science to society. 

Citizen science is often applied in such a way that students act as citizen sci-
entists (e.g. Esmaeilian et al. 2018; Heigl and Zaller 2014; Oberhauser and LeB-
uhn 2012), but there are also examples where students applied citizen science to 
co-produce knowledge about their study topic (Britton and Tippins 2015). Some 
universities try to strengthen their profile in applied sustainability research by 
integrating citizen science and transdisciplinary methods like living labs explic-
itly in their program (e.g. MSc program on Ecology and Citizen Science at Uni-
versity College London). While the courses follow a disciplinary focus, they often 
integrate different disciplinary perspectives. The advantages of citizen science in 
teaching can be summarized as follows: (1) By learning and applying citizen sci-
ence methods, students’ motivation as well as their interest in socially relevant 
research can be strengthened. (2) Skills for self-ref lection as a researcher and for 
ref lecting on the role of science in society are increased. (3) Students practice 
communicating research to society. (4) Students learn how to engage themselves 
and communities affected by their research in action research. In the following 
we present three examples which illustrate different approaches and objectives. 

An example of the role of students as citizen scientists is the paper by Esmaeil-
ian et al. (2018). In the course described, engineering students were motivated to 
systematically collect examples of product designs in their own everyday lives that 



Citizen Science 47

wear out quickly, are not very functional, or are unwieldy, and to describe them via 
text and images. The collections were jointly evaluated and categorized. The goal 
was for students to use their own observations to learn principles of sustainable 
design as well as sustainable production methods.

A participatory approach in applying citizen science in higher education in the 
Philippines was reported by Mendoza et al. (2022). The transdisciplinary endeavor, 
bringing together local fisherman with teachers, students, and the Bureau of Fish-
eries and Aquatic Resources, aimed at a better understanding of changes in the fish 
habitats and environmental quality at the Laguna lakes of the Philippines. Given the 
cooperative attitude of local collaborators, the study shows that local resource users, 
including teacher and students along with fishers, can be research guides in explor-
ing further ecosystems that experience major environmental changes. 

An action-oriented approach (Haklay 2013) is the UNICATA university with 
and for waste pickers (Gutberlet et al. 2021), which was created based on citizen 
science research in São Paulo, Brazil. In January 2022, a small group of academics 
and citizen scientists (waste pickers, NGO members) in São Paulo, Brazil resumed 
the idea of creating a university with and for waste pickers (UNICATA), inspired 
by Paulo Freire’s theoretical and praxis of popular education pedagogy and peer 
learning (Freire 2009). The approach underlines the crucial importance for a 
learner-experience to inf luence the design of the teaching, and address a whole 
system of change, thinking relationally about the social, economic, and environ-
mental aspects regarding the work of waste pickers and their livelihoods.

A form of extreme citizen science can be found in participatory ethnobota-
ny, which can in particular be employed in teaching and education in the con-
text of conservation. Two exemplary projects were conducted by a Brazilian team 
composed of members of academia and the community, acting as ethnobotanical 
researchers in the Atlantic Rain Forest. In such projects, members of the com-
munity are trained from both botanical and anthropological perspectives, so that 
they can conduct the ethnobotanical survey themselves, with technical support 
from the academics. One of them started in 2015 and has been carried out in two 
Quilombola communities (Rodrigues et al. 2020). 

Nevertheless, citizen science in academic teaching encounters similar chal-
lenges as citizen science in general: contrasting conceptions of science, conf licts 
over different ideas of the goals of research, and the ever-present question of re-
sponsibility for the process and product of collaborative research. To facilitate 
experimentation with such formats at universities (or even schools), the corre-
sponding courses should not be subject to the pressures of time, publication, and 
success that are common in research. Rather, they should be recognized as learn-
ing experiments that require time for negotiation and adjustment of design, and 
in which mistakes reveal opportunities for learning and need not be avoided at all 
costs through excessive standardization.
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Cooperative Education

Wendy Coones, Thies Johannsen, and Thorsten Philipp (authors contributed equally) 

Definition

Cooperative education programs are a learning practice inspired by the dual ed-
ucation system of the German-speaking countries. They seek to combine theory 
and practice, academic and professional knowledge, ref lection and application. 
A consensus about a precise definition of cooperative education is still lacking, 
and many countries and higher education institutions implement these programs 
individually (Eames and Coll 2010, 182). A study program can be defined as ‘co-
operative’ (lat. co-operare ‘to work together, combine, unite’) if the university and 
a practice partner (e.g. company, business, or social institution) are structurally 
intertwined, i.e. content and program organization are aligned so that whenever 
students apply knowledge practically the same knowledge is then ref lected theo-
retically within the university. This requires a conjoined coordination policy be-
tween practice partners and university personnel. 

In most cases, practical elements comprise from one-third to one-half of a co-
operative education program. Depending on the design of a program, practical 
elements may be integrated at various times: before, during (most commonly), or 
even after the theory-oriented learning phases at university. The involvement of 
the practice partner is not necessarily limited to the practical elements but may 
also include content, methodology, and assessment. Therefore, students are con-
tinuously challenged to combine academic expert knowledge with hermeneutics, 
situational understanding, and ref lections on the contradictions between theory 
and practice. This is also true for study programs which are not part of the human-
ities, such as engineering or health professions. Cooperative programs require 
students to meet the academic standards of university education while simulta-
neously fulfilling the expectations of an economic business or social institution. 
Their academic training has to satisfy the demands of two addressees.

International higher education uses a variety of descriptors to identify study 
programs that combine theoretical coursework with relevant practical experience. 
All these approaches have in common that they demonstrate intersections with 
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cooperative education. Among these are experiential learning (Kolb 2015), prac-
tice-based professional learning (Kennedy et al. 2015), work-integrated education 
(Jackson 2015), work-based learning (Cunningham and Dawes 2016), Youth Par-
ticipatory Action Research (Anyon et al. 2018), professional development (Web-
ster-Wright 2009), extra-occupational doctoratea (Kaiser 2020), and degrees 
combining studies with work (Eames and Coll 2010, 185–88). Options between 
these forms can provide different access points, ranging from vocational edu-
cation offered at upper-level secondary schools, employer-centered placements 
with curricular collaboration between universities and industry, to academically 
comprehensive programs integrating practice throughout. Depending on the reg-
ulations and preferences of a country’s educational system, cooperative education 
can carve out a niche to thrive. It can offer opportunities to those students best 
suited to benefit from a balance of learning outcomes.

While cooperative learning is a pedagogical practice that promotes learning in 
groups (as opposed to individualized and competitive learning), cooperative edu-
cation and transdisciplinary learning refer to a specific understanding of learning 
that is grounded in experience and ref lection on one’s doing (Gillies 2016, 39; Kolb 
2015, xviii). The latter, therefore, is utilized in work-related learning (Beard and 
Wilson 2013, 18). 

Background

Cooperative education is an attempt to offer a study degree at the interface be-
tween academic and vocational training. The concept and origins of cooperative 
education derive in many countries from the increasing demand for a specialized 
workforce, the expanding academization of professional activities, and growing 
criticism of the low practical relevance of academic curricula. In view of the vari-
ous structures of these programs, work-based learning is increasingly considered 
to encompass a meaning broader than cooperative education, as it refers to a 
spectrum of opportunities both inside and outside the workplace. However, it also 
becomes so broad that didactics and learning structures are difficult to define or 
examine. Cooperative education that integrates co-curricular elements provides 
a valuable feedback loop from the world of work back into higher education.

Research and literature on cooperative education consist strongly of region- 
related empirical analyses, case studies, and position papers (Graf et al. 2014; Jacobs  
and Renandya 2019; Newhook 2016; Schiller and Leisyte 2020; Tanaka and Zeg-
waard 2019; Zegwaard et al. 2022). Empirical research on cooperative education 
focuses on student populations’ previous education and socio-demographic char-
acteristics, selection and access criteria, and expectations and motives for career 
choices (Hemkes et al. 2019). Analytical ref lections on the interplay between sci-
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entific claims, the logic of the labor markets, the postulate of the practical turn 
(Stern 2003), the material culture of knowledge production, and the liberal ideal 
of integral education are still rudimentary (e.g. Davidson 2021). 

Debate and criticism

A central challenge of cooperative education programs arises from the conf licting 
interests of the two learning venues: While practice partners, on the one hand, 
are usually focused on profitability, on fast, cost-effective, and practice-oriented 
training, and thus on the knowledge that can be utilized in the short term, uni-
versities, on the other hand, are focused on sustainable academic education and 
on developing individual, holistic, and long-term knowledge resources. This leads 
to a multitude of further problems. On an institutional and organizational level, 
divergent interests and opposing positions raise questions like: How do (implicit) 
ideas of practice partners, professional interest groups, chambers of commerce, 
and ministries impact the curricula? What inf luence can practice partners exert 
on financing and quotas for programs? On an individual or personal level, depen-
dencies, power structures, expectations, and involving supervisors from the prac-
tice partner come into focus and lead to questions such as: To what extent is grad-
ing affected if employees of practical partners are involved in assessments, e.g. a 
thesis or a dissertation? What measures are taken to address conf licts of interest? 
Comparing public and private universities mainly gives rise to a considerable need 
for analysis and further research. Transdisciplinarity must be a clear part of the 
curricula for universities and their practice partners to work together.

Four central questions determine the further development of cooperative 
education. (1) In addition to financial resources, time is a scarce resource that is 
indispensable for successful implementation. As higher education institutions 
coordinate a large number of different practice partners and, in addition, are re-
sponsible for quality control, workload poses a particular challenge. Additionally, 
in curricular terms, transdisciplinary learning depends on appropriate ref lection 
phases to permit students to process their experiences at the interface between 
science and society. In most study programs, however, transdisciplinarity is more 
of a phenomenon of application than ref lection. Time for a systematic evaluation 
of transdisciplinary experiences is lacking. (2) Cooperation between universities 
and companies requires extraordinary efforts in coordinating the plurality of in-
volved actors, managing the necessary participation forums, and discerning the 
knowledge resources needed to solve a given problem. (3) From a student’s per-
spective, it is imperative to assess whether the practical relevance, the high prob-
ability of employment, and the salary during the program outweigh the increased 
demand for self-organization and efficiency. Cooperative education will remain 
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attractive to employers if employability is its primary goal, but it will deter stu-
dents from developing a learning biography that ref lects their particular interests. 
Two of the qualification goals of a study program are in question: the ability to 
engage in social activities and personal development. Nevertheless, cooperative 
education can hardly meet the objective of enabling contextualized thinking or 
interdisciplinary perspectives. Cooperative education requires commitment and 
motivation of all participants to test, ref lect, and integrate transdisciplinary tech-
niques. (4) In terms of expansion, cooperative education programs thrive in appli-
cation-driven STEM disciplines, health, social, and educational professions but 
seem less attractive to the humanities, arts, and social sciences. Most of these dis-
ciplines are oriented more towards theory, but also show potential for integrating 
practical components. Examples include empirical social research, museum stud-
ies, and teacher education. Practices of transdisciplinary learning in situ could be 
a promising teaching innovation when expanding into application-driven fields 
because they tend to be solution-focused. It seems likely that cooperative educa-
tion will grow to meet the needs of regional business ecosystems and large-scale 
political programs like the Sustainable Development Goals (Mazzucato 2018).

From the perspective of transdisciplinary learning, cooperative education 
is an ambivalent issue. The concept and claim of cooperative education parallel 
transdisciplinarity as a collaborative, society-oriented learning experience in-
volving experts and practitioners from different disciplines. In either case, the 
aim is to bridge the gap between academia and a critical public, enhance partici-
patory processes, introduce case-specific practical expertise into abstract deliber-
ation, promote f luidity between communities, and thereby overcome boundaries 
between academia and society. Cooperative education can be a means to generate 
knowledge inclusively, make decisions in a participatory way, and foster an un-
derstanding of the differences between everyday, practical, and scientific knowl-
edge resources. As in all transdisciplinary practices, cooperative education can 
thereby contribute to encounters with or avoidance of crises in science legitima-
cy. However, essential hindrances arise from limited opportunities for ref lection, 
critique, and contextualization of disciplinarity in cooperative study programs; 
in many cases, a narrow view of disciplines in their value for the labor market ag-
gravates contextual awareness, openness, and perception of the plurality of scien-
tific questions within, beyond, and across disciplines (Eames and Coll 2010, 184). 
The potential inadequacy or absence of ref lection on disciplinarity highlights the 
challenge for universities to integrate transdisciplinary ref lection in their curric-
ula – instead of leaving it to the students.

Cooperative education programs offer a symbiosis between vocational and 
academic education. At the same time, they remain a compromise between the 
liberal ideal of integral education and the capitalist logic of labor exploitation 
(see Milley 2016). In genesis and essence, they are a product of Western educa-
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tion concepts, and their applicability to differing cultural systems and knowledge 
traditions is questionable. Although there are established practices, e.g. in Latin 
America (Zamora-Torres and Thalheim 2020) and Russia (Lešukov et al. 2018), and 
initiatives to introduce cooperative education in other world regions, e.g. as part 
of a “new engineering education” in China (Shen et al. 2020, 890–91), research is 
conducted almost exclusively in English and German. This implies that local adap-
tations strongly rely on Western publications. It remains to be seen whether local 
forms of cooperative education will prevail independently of the hegemonic dis-
course and address local needs as well as develop innovative approaches. In gen-
eral, academic institutions should be aware of their risk of being reduced to fac-
tories to produce a trained workforce. Cooperative education, then, contributes  
to a general tendency of realigning the education sector along with market princi-
ples and economic purpose rationality. Even though cooperative education grew 
out of the world of work and gave students a practical connection to it, the implic-
it criticism aims to give students chances to develop deeper critical and holistic 
thinking.

From a student’s perspective, critical assessment is also essential when decid-
ing for a cooperative education program, as it may include different forms and 
degrees of practice. Not all programs advertised as cooperative education or un-
der one of its many synonyms offer genuine cooperative education, as described 
above. For example, a mandatory internship would not qualify as cooperative ed-
ucation. While there is no binding definition, we suggest two minimum criteria 
that must be met: (1) An academic study program that includes practical elements 
encompassing one-third to one-half and awards credit points for them. (2) stu-
dent, practice partner, and university have all signed a contract agreeing on obli-
gations and funding.

Undeniably, cooperative education’s innovative achievement is to synthesize 
the dichotomy of the education system of Western industrialized countries and to 
increase social mobility: In addition to the binary options of higher education and 
vocational training, between which it was almost impossible to mediate in the past, 
cooperative education provides a third – hybrid and integrating – alternative. It 
strengthens the education system by meeting the needs of different learning bi-
ographies, including educational and vocational profiles. It thereby anticipates 
the plurality of knowledge resources, participation forums, involved actors, and 
educational biographies that form the core of transdisciplinary learning. Moving 
beyond criticism and encouraging expansion into new learning approaches that 
include learners of all backgrounds, cooperative education programs clearly hold 
the potential to be holistic and ref lective or to address specific societal problems. 
By combining practical and academic elements, transdisciplinary learning is pos-
sible, and is a natural part of application-oriented education. 
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Current forms of didactic implementation

The number of cooperative education programs has grown steadily since their in-
troduction. As a result of increasing state funding, programs have become more 
diversified. Specific transdisciplinary study programs have not yet been estab-
lished in cooperative education. There is, however, potential in methodological 
and didactic ref lections on practice.

A multifaceted and long-institutionalized culture of cooperative education 
has developed mainly in German-speaking countries, where the demand for em-
ployment security, a qualified workforce, and the advanced integration of plural 
forms of learning during the 1970s were significant incentives (Faßhauer and Sev-
ering 2016; Graf 2015). Several European countries, such as France, Spain, and 
the United Kingdom, offer comparable degree programs (Schmees et al. 2019, 8). 
In the United States, cooperative education was introduced as early as 1906 and 
has increased in demand since the 1960s. In Canada, work-integrated learning 
expanded in the 1970s and is institutionalized today in many universities (Anger-
illi et al. 2005; Bowen and Drysdale 2017; Milley 2016). In Australia, one-third of 
the university students, on average, undertake an experience in work-integrated 
learning (Zegwaard et al. 2022, 1).

In this context, it is possible to distinguish not only individual countries but 
also educational systems, which can be divided into three ideal-typical systems 
based on their “institutional distance”, i.e. their respective institutional frame-
works (Graf et al. 2014). (1) Germany is a federal system with standardized educa-
tion and vocational training systems involving chambers of commerce and social 
partners. (2) The US is also a federal system, but hardly standardized. Education 
and training take place in market-oriented environments. (3) France, on the other 
hand, is comparatively centralized and school-based. However, vocational educa-
tion is not highly valued in secondary education. Therefore, vocational orientation 
has assumed a more prominent role in higher education since the 1960s (Powell et 
al. 2012, 410). Regardless of the institutional framework, cooperative education is 
considered a means to link the world of work to academic training and education 
(see Maassen et al. 2019).

Despite these differences, the general development shows that learning out-
comes that are important to the learner, the university, the employer, and other 
stakeholders are possible through experiential learning with academic support and 
critical thinking in a higher education setting. Costley (2015) makes a strong case for 
applying a transdisciplinary approach to work-integrated learning in the design, fa-
cilitation, and evaluation of work-based initiatives and programs. Transdisciplinary 
learning in a cooperative education setting can be facilitated as the field defines its 
body of knowledge, researches distinctive phenomena such as learning through ex-
perience, and expands the expertise of its practitioners. The enhancement of life-
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long learning skills, contributing to people’s working lives, and the economy can 
all be linked to cooperative education. Thus, it can position itself to meet students’ 
needs for experiential learning and society’s needs for transdisciplinary thinkers.

Proper planning and curricula development in cooperative education pro-
grams can integrate transdisciplinary learning with some of the following as-
pects: (1) Clear learning agreements between students and placements that ref lect 
authentic and world-relevant learning outcomes. (2) Access to superiors in ref lec-
tive dialogue so students may shadow higher-level thinking. (3) Project work that 
requires concentration on socially relevant topics rather than commercial profit. 
(4) Mechanisms for personal ref lection on learning in group or mentor–student 
settings. (5) Building program teams representing a variety of disciplines and 
roles. As transdisciplinary research and developing practice unfolds while so-
ciety’s challenges transform and emerge in a new form, so should teaching and 
learning evolve parallel to these real-world processes. 

A university can transform the student work experience into potential trans-
disciplinary learning when institutions and employers enable engagement with the 
complex and emergent real-life challenges naturally present in genuine work experi-
ence. Cooperative education will continue to move towards more transdisciplinary 
learning as Stern’s practical turn intertwines with the growing need for industry 
and education to tackle significant global challenges. If binding quality standards 
succeed in combining academic knowledge production with practical expertise and 
theoretical approaches by including experts from civil society, industry, politics, 
public administration, the cultural sector, etc., then cooperative education can un-
leash its transdisciplinary potential (Carayannis and Campbell 2009; Gibbons et al. 
1994). Including educators from all parts of society in higher education and guiding 
students in their ref lections and analyses with experience from practice will con-
tribute to bridging the gap between academia and society. Thus, cooperative educa-
tion may initiate a process of universities becoming more open and socially respon-
sible, thereby contributing to an overdue change of attitude in higher education.
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Critical Thinking

Philip Barth and Jonas Pfister

Definition 

The term critical has its origin in the Ancient Greek word κρίνειν (krinein), which 
means “discerning, judging”. Critical thinking is therefore to be understood as 
thinking that aims at reasonable judgment. There is consensus about the basic 
concept as careful ref lective thinking (Allen et al. 2020; Hitchcock 2018). To be 
groundlessly skeptical about anything or to blindly follow a rule is not critical 
thinking.

The basic concept can be found in different formulations. In a consensus pa-
per known as the Delphi Report, by a panel of 46 experts with different scientific 
backgrounds ranging from philosophy to physics, zoology, psychology, social sci-
ences and economics, critical thinking is defined as “purposeful, self-regulatory 
judgment which results in interpretation, analysis, evaluation, and inference, as 
well as explanation of the evidential, conceptual, methodological, criteriological, 
or contextual considerations upon which that judgment is based” (Facione 1990, 
3). Ennis (1993, 180) characterizes it as “reasonable ref lective thinking about what 
to believe or do”. Bailin et al. (1999, 287) add that it is thinking for the purpose of 
making up one’s mind about what to believe or do and, in doing so, trying to fulfill 
certain standards of adequacy and accuracy of thinking. Critical thinking is ratio-
nal thinking in the following sense: “To be a critical thinker is to be appropriately 
moved by reasons” (Siegel 1988, 32). Reasons are related to criteria and standards 
(Lipman 1987). 

To educate for critical thinking means to aim for the ideal of a critical thinker.  
The ideal critical thinker is one who is “habitually inquisitive, well-informed, 
trustful of reason, open-minded, f lexible, fair-minded in evaluation, honest in 
facing personal biases, prudent in making judgments, willing to reconsider, clear 
about issues, orderly in complex matters, diligent in seeking relevant informa-
tion, reasonable in the selection of criteria, focused in inquiry, and persistent in 
seeking results which are as precise as the subject and the circumstances of in-
quiry permit” (Facione 1990, 3). Hence, to be a critical thinker requires knowledge, 
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skills, and dispositions (habits). Knowledge of the critical thinker includes, among 
others, the concepts of observation and inference, of conclusive and defeasible in-
ference, of necessary and sufficient conditions, of hypothesis and prediction, of 
argument, premise, and conclusion (Hitchcock 2018).

The skills of the critical thinker can be categorized under the headings of (1) 
interpretation, (2) analysis, (3) evaluation, (4) inference, (5) explanation, and (6) 
self-regulation (Facione 1990, 8). The last one includes the recognition of the inf lu-
ence of emotions. It also involves the use of strategies for dealing with cognitive 
biases (Stanovich and Stanovich 2010). Skills are not sufficient because one can 
have them and not use them, and hence not be a critical thinker; therefore, cer-
tain additional dispositions are needed. The relevant dispositions, understood as  
habits and attitudes that contribute to being a critical thinker, include attentive-
ness, the attitude of inquiry, self-confidence, courage, open-mindedness, the will-
ingness to suspend judgment, trust in reason, and the search for truth (Allen et al. 
2020; Facione 1990, 25; Hitchcock 2018). 

Many subjects are becoming increasingly complex in theory as well as in their 
practical application and require the integration of multiple disciplines and stake-
holders. Critical thinking solidifies as a necessary competence for doing and in-
terpreting research. It is a central educational goal and serves as basis for (higher) 
education policymaking. 

Background 

Critical thinking is considered to be one of the central skills in higher education 
and research and also increasingly in the public sphere (post-truth era, social me-
dia, and the use of artificial intelligence in different fields, notably in text pro-
duction). Its origin lies in philosophy and finds application in all fields, from the 
humanities to social sciences and natural sciences. Teaching critical thinking in-
volves crossing the boundaries of traditional disciplines and helping to develop 
general thinking skills such as conducting an inquiry (which involves, among oth-
ers, the ability to formulate a research question, to effectively search for relevant 
information, to assess the epistemic justifications of claims made and the truth-
fulness of sources, to assess the usefulness of the information for answering the 
research question, to apply methods of investigation, etc.). Such skills are central 
to transdisciplinary learning and research. 

The concept and educational goal of critical thinking has a longer history than 
its name. An older, more rationalist conception of critical thinking goes back to 
the Age of Enlightenment, in particular to Kant, who in a famous article pleaded 
for the courage to use the faculty of reason (Kant 1784, 481). Another, more em-
piricist conception goes back to Dewey, who, inspired by Bacon, Locke, and Mill, 
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described what he called “ref lective thought” as follows: “Active, persistent, and 
careful consideration of any belief or supposed form of knowledge in the light of 
the grounds that support it, and the further conclusions to which it tends, con-
stitutes ref lective thought” (Dewey 1910, 6). Dewey (1916) stressed the relation 
between critical thinking and democratic participation. Both conceptions aim at 
teaching autonomous thinking.

In the 1930s, Dewey’s ideas of teaching thinking through inquiry were put into 
practice at several schools in an eight-year study of the Progressive Education 
Association. Glaser (1941) developed a test for measuring critical thinking abili-
ties, and showed that they can be improved through education. Later, in the 1970s, 
Lipman (2003) took up Dewey’s idea of inquiry and applied it to philosophy with 
children. Critical thinking abilities were included in Bloom’s inf luential taxono-
my of cognitive learning objectives (Bloom et al. 1956). A landmark in the research 
on critical thinking was Ennis (1962), who proposed a list of 12 aspects of critical 
thinking as a basis for research and evaluation. The movement of critical thinking 
and the movement of informal logic inf luenced each other. They led, from the late 
1970s and 1980s, to the creation of associations, to international conferences, and 
to the creation of scientific journals (Lipman 2003). 

Debate and criticism 

Critical thinking is a central educational goal. What is the justification for it? 
There are several fundamental reasons: to respect the students as persons, which 
means, among others, to recognize their right to ask for reasons and justifications, 
to empower them to control their own destiny, to initiate them into the rational 
traditions, and to prepare them for democratic living (Siegel 1988, 55–61). Edu-
cation in critical thinking is opposed by those who see the fundamental aim of 
education as the preservation and tradition of given values or the indoctrination 
of an ideology. 

Critical thinking has been criticized for favoring certain kinds of thinking and 
knowledge over others, in particular reason over emotion, imagination, intuition, 
and collaborative inquiry (e.g. Thayer-Bacon 2000). However, such criticism pre-
supposes too narrow a concept (for further references and discussion, see Allen 
et al. 2020; Hitchcock 2018). A basic concern is the relation between general and 
domain-specific skills, both conceptually – are there general critical thinking 
skills? – and didactically – can general thinking skills be taught as an independent 
subject? McPeck (1981) argued that there are no general (critical) thinking skills 
since all thinking is about some subject matter. There are obvious counterexam-
ples to this, e.g. the abilities to identify assumptions, to reason from premises to 
conclusions, or to recognize a confusion of necessary and sufficient conditions 
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(Siegel 1988, 20). McPeck used the argument also to support the claim that critical 
thinking skills can only be taught in subject-specific courses. This didactical claim 
is more controversial. Lipman argues that the existence of philosophy and logic, 
which are concerned with specifying what good thinking ought to be, shows that 
it is wrong (Lipman 2003, 44). But the question remains how critical thinking can 
be learned. 

Arguing against teaching critical thinking in a separate course focusing on in-
formal logic (which has become common in college education in the United States), 
it has been noted that the focus on single arguments taken out of context does not 
help much in acquiring critical thinking abilities since these require knowledge of 
the area, knowledge of methodological principles and norms of practices specific 
to the area (Bailin et al. 1999). Instead, according to Bailin and her colleagues, stu-
dents should be engaged in tasks pertaining to complex issues calling for reasoned 
judgment, and they should be supported in developing the abilities to do so. On 
the other hand, learning general thinking skills cannot take place only within dis-
ciplines, as this would ignore those aspects of argumentation that transcend the 
boundaries of the disciplines, such as the procedures for conducting an inquiry, 
the analysis of arguments, and the evaluation of sources (Battersby and Bailin 2015). 

Ennis (1989) distinguishes four types of approaches to teaching critical think-
ing: general, infusion, immersion, and mixed. (1) The general approach teaches 
principles of critical thinking explicitly and independent of a subject matter. (2) 
The infusion approach combines subject matter teaching with making principles 
of critical thinking explicit. (3) The immersion approach encourages students to 
think critically in a subject without making the principles of critical thinking ex-
plicit. Finally, (4) the mixed approach combines the general approach with either 
the infusion or the immersion approach. Abrami et al. (2015) found in a meta- 
study that all four types of approaches lead to a significant increase in critical 
thinking skills, and no big differences between the approaches could be observed. 
Additionally, they used a classification into the following categories: dialogue 
(learning through discussion), anchored instruction (learning through analysis of 
real-world problems), and mentoring (one-to-one interaction with a mentor). They 
figured out that all three categories had positive effects on the critical thinking 
outcomes. The largest effect in terms of a gain in the ability to think critically was 
achieved in courses where a combination of all three aspects was present.

The result of any study purporting the measurement of gains in critical think-
ing ability faces the criticism of how to measure such gains. First, it “requires that 
we be clear about what we are trying to assess” (Ennis 1993, 179). This means that 
a definition of critical thinking is needed. Standardized test inventories exist for 
different definitions (for an overview see Ennis 1993 and the supplement on as-
sessment in Hitchcock 2018). While such tests are used for the assessment of the 
knowledge and abilities aspects of critical thinking, it is much more difficult to 



Critical Thinking 67

evaluate gains in attitudes, especially since these might only develop slowly, call-
ing for more long-term research in this area.

Jahn (2012) distinguishes four standards of thought: analysis, perspectivity, 
ideological criticism, and constructivity. Analysis is concerned with the assess-
ment of arguments. Perspectivity means to take on multiple perspectives and 
contrast them with each other. As human beings, we are biased in favor of our 
own perspective, sometimes including views from our own (often small) in-group. 
Critical thinking requires grasping multiple perspectives, sharpening one’s own 
perspective, and assessing reasons to hold it. This is especially true when norma-
tive questions are in focus. To be a critical thinker sometimes requires ideological 
criticism which involves analysis of the (hidden) power structures. Such struc-
tures can be found not only in political contexts but also in institutions such as a 
university or committee that decides on the distribution of funds for research in 
different fields. Finally, constructivity means developing new solutions to a prob-
lem. It can also mean developing action plans that help improve practice. 

Current forms of implementation in higher education

Critical thinking is implemented as an educational goal in educational systems 
and institutions across the world. The teaching is often done in a course devoted 
to critical thinking. Useful material for such courses can be found, for example, on 
the University of Hong Kong’s Critical Thinking Web (Lau and Chan 2023). Howev-
er, education in critical thinking is not restricted to such courses. 

Identifying successful didactical approaches helps to elucidate factors that 
are conducive for learning critical thinking (for a study about practices in insti-
tutions of higher education in the global south, see Okolie et al. 2022). Signifi-
cantly better outcomes are found in forms of teaching that involve some kind of 
mentoring along with dialogue-based instructions and the use of authentic tasks. 
While using real-world examples clearly increases the relevance of the topic (for 
the students), and hence fosters students’ intrinsic motivation, the findings that 
dialogue-based instruction has even greater effects highlight the importance of 
cognitively activating methods. This effect is especially strong when roleplaying 
is used (being a combination of real-world tasks and dialogue-based instruction, 
Abrami et al. 2015, 299). The boost in effect when adding elements of mentoring, 
in turn, emphasize that feedback and some form of guidance are beneficial. In-
deed, teaching critical thinking often starts with an initial irritation. This can be 
in the form of a real-world problem, presented as a text, a video, research data, 
etc., which triggers in the students the urge to resolve it. 

The meta-study by Abrami et al. (2015) cuts across all disciplines. Different as-
pects of teaching critical thinking can be illustrated by a course, designed in the 
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context of the critical thinking initiative at ETH Zurich, titled Scientific Concepts 
and Methods (Sieroka et al. 2018). It is a compulsory, one-week course in the Mas-
ter’s program of the pharmaceutical sciences curriculum. Each day, the students 
receive input on a certain aspect of the philosophy of science (e.g. scientific rea-
soning, use of images) and input on a thematically aligned scientific method in 
modern biomedicine (e.g. reproducibility models in drug development, biomed-
ical imaging), leading up to an interdisciplinary discussion of each day’s topic to-
gether with the philosopher of science and the biomedical expert. 

When planning to integrate critical thinking as an intended learning outcome, 
it is necessary to clarify which standards of thought should be considered. One 
can follow the four standards by Jahn (see above). Analysis can be taught in a sepa-
rate course but might as well be integrated into any subject matter that deals with 
arguments, such as devising formal proofs in mathematics, interpreting experi-
mental results in the natural sciences, debating arguments in political sciences, or 
justifying value judgments in economics. Classical debates can be one means to 
integrate the analysis of arguments into a course. Writing an argument based on 
a scaffolded structure and then giving feedback to and receiving feedback from 
course peers can be another (Kölbel and Jentges 2017). In order to achieve the stan-
dards of perspectivity, students need to be exposed to multiple perspectives on 
the topic or issue. However, mere exposure is not enough. It is essential also to 
take on the perspective of others, as in the examples before or in role play, which 
has a rather high impact in terms of gains in critical thinking (Abrami et al. 2015). 
Adding transdisciplinary elements into a course can be a great opportunity for 
students to take on new and different perspectives, either from experts in a dif-
ferent field or from people who are unfamiliar with the research field in question. 
This can feel rather odd for teachers who are used to passing on knowledge to stu-
dents. If critical thinking is one of the aims of the course, the teacher should act 
as a role model of a scientist in the field and share not only the standard canon of 
knowledge, but also its uncertainties and boundaries, as well as the scientific atti-
tude of dealing with such uncertainties. Including a historical perspective in the 
course may help to shed light on the process of scientific development – a useful 
text here is still Kuhn’s The Structure of Scientific Revolutions (1962). 

Including aspects of ideological criticism in a course can add to the curiosity 
of students and hone their critical thinking skills. At the level of constructivity, 
students are asked to find constructive solutions to existing problems and invit-
ed to integrate their newly acquired knowledge into their everyday (professional) 
lives. It is therefore important to allow the students to relate any subject matter 
and critical discussion to their own context, ideally to some work or produced out-
put of their own. Adding elements of the scientific process to a course can lead to 
high engagement of students and the acquisition of critical thinking skills. These 
can involve the writing (and peer reviewing) of grant proposals, article abstracts, 
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scientific presentations, and posters. The use of mentoring will increase the likeli-
hood of students successfully learning to think critically.

The intended learning outcome of a single course cannot be to become a critical 
thinker because this requires much more time. It is rather to be seen as part of the 
aims of education in general (or even of lifelong learning). For a particular course, 
it is helpful to specify which aspects of critical thinking will be in focus and what 
the teacher expects the students to learn (for example, to be able to reconstruct an 
argument, to be able to apply their critical thinking skills in real-world problems 
or to acquire the habit of a critical thinker to be open to new information and to 
objections). A very effective way is to offer learning activities to students where 
they can practice, for skills can only be acquired by practicing.

Generally, aligning the learning activities and the assessment to the intended 
learning outcomes is a basic requirement of good teaching (Biggs and Tang 2011). 
And a learning and teaching culture that de-emphasizes teacher-centered or solu-
tion-focused teaching approaches are likely to be conducive to learning critical 
thinking (Okolie et al. 2022). 

But how should the assessment be done? In order to answer this question, one 
should first be clear about the purposes of the assessment: Is the primary purpose 
to diagnose the individual (or collective) level of critical thinking as information 
for the teacher (or for some institution)? Is it to give feedback to the students so 
that they know what they are good at and where they need to improve? Is it to mo-
tivate students by letting them know what they have learned? 

The methods to be used in assessment can vary. One can either use one of the 
commercially available tests in English (see Norris and Ennis 1989 for guidelines 
choosing among them) or devise one’s own multiple-choice test (see Norris and 
Ennis 1989 for recommendations). However, devising a valid multiple-choice 
test is challenging and time-consuming. Since it is inherently difficult to com-
prehensively assess critical thinking using closed questions, Ennis (1993, 184) rec-
ommends asking for a brief written defense of the chosen answer, and generally 
implementing open assessment formats, especially when going beyond the diag-
nostic aspects of the exam. Open-ended techniques include short-answer tests, 
argumentative essays, and individual interviews (Norris and Ennis 1989). Other, 
rather open forms of assessment can also be used, for example doing a case study, 
designing a poster, or taking part in a panel discussion. 

Due to a widespread bias, one aspect in teaching is often underestimated: the 
expert blind spot. The time it takes to learn to think critically (or to learn anything 
for that matter) must not be underestimated. Learning does take time, and so 
does learning of critical thinking.
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Data Literacy

Valentin Unger, Michael Beck, and Vera Husfeldt

Definition

The competence to deal with data sovereignly, or “Data Literacy” is one of the fun-
damental skills of modern society. To define the term data literacy, its two seman-
tic constituents data and literacy are examined in more detail.

1. Data are signs or symbols based on observations of the world and are con-
stantly collected by or through us – both consciously and unconsciously (Cam-
bridge University Press 2023b; Zins 2007, 482). Etymologically, the term data 
goes back to the plural of the Latin datum, which can be translated as “that 
which is given, a present” (Glare 2012, 532) and has been associated with com-
puter processes since the mid-1940s (Harper 2021). Early on, data was associ-
ated with a prospective meaning: data have an impact on the future. 

2. In 2000, the OECD defined literacy as follows: “The ability to understand 
and employ printed information in daily activities, at home, at work and in 
the community – to achieve one’s goals and to develop one’s knowledge and 
potential” (OECD 2000, x). This definition of literacy was criticized for sever-
al reasons, first, the focus on standardized testing. By the late 20th century, 
it was pointed out that a measurable continuum cannot ref lect the diversity 
of ways in which people interact through spoken and written language (St. 
Clair 2012, 771). Second, the OECD’s definition of literacy is also driven by the 
idea that the measured areas of reading, numeracy, and problem solving are 
directly related to economic and social progression in modern societies. By 
excluding other factors and focusing on one’s own culturally shaped world, 
the model remains very simplistic and limited according to some critics (e.g. 
Guadalupe 2017, 334; Perry et al. 2020, 12; Sellar and Lingard 2014, 922). The 
increasing use of digital technologies over the past two decades has also made 
it necessary to refine the OECD’s concept of literacy, which originally focused 
on printed information (OECD 2021, 5). Eventually, the original concept of 
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literacy changed to a multiplicity of knowledge, skills, and values relevant to 
society’s success (Vincent 2003, 342; Ware et al. 2016, 307).

The term data literacy emerged around the turn of the millennium and is often 
used in the context of digital competencies (Schüller 2020, 11–12). It is, therefore, 
socially relevant knowledge, skills, and attitudes necessary for dealing with and 
handling (digital) data sensitively, in a society characterized by permanent multi-
faceted information (Ridsdale et al. 2015, 4). 

The model of the data–information–knowledge–wisdom pyramid states that 
data must be transformed into usable knowledge by sequencing its hierarchical 
ascent from data to information, knowledge, and wisdom. Each level can be seen 
as a precursor to the next, with unorganized and therefore useless data being 
the lowest. Data becomes usable information only by ascending the levels, which 
can then be used to build knowledge (Rowley 2007, 163–68). The highest level is 
the so-called “wisdom”, which can be described as integrated, usable knowledge 
(Rowley 2007, 174). Appropriate use of data includes the insightful perception and 
production of data. Data literacy also includes knowledge, skills, and attitudes 
for insightful and ethical data collection, processing, and interpretation. It is 
also relevant when decisions are made based on the data that affect other people 
(Schüller 2020, 11). Schüller (2020, 23–40) has described six steps that need to be 
taken when encoding and decoding information: (1) “Establish a data culture”, (2) 

“provide data”, (3) “evaluate data”, (4) “interpret results”, (5) “interpret data”, and (6) 
“derive actions”.

Background 

Data literacy is increasingly more relevant at work and in private life, which is why 
research is also increasingly addressing this phenomenon. “Data literacy is a hot 
topic” (Van Audenhove et al. 2020, 2) for various reasons:

 As societies become more digital, people receive information from around the 
world – almost in real time (Hai et al. 2021, 25–28). The Covid-19 pandemic gave 
a significant boost to digitization. Many organizations had to switch to a remote 
mode of operation almost overnight and adapt their ways of communicating and 
working (Amankwah-Amoah et al. 2021, 605). Of course, this adaptation has not 
happened equally everywhere, but it is astonishing how quickly and widely digi-
talization has been adopted in order to avoid face-to-face contact. According to 
a study by Dingel and Neiman (2020, 1), 37 percent of jobs in the US can be done 
entirely from home. Schools around the world have also had to adapt to the new 
circumstances (Unger et al. 2022, 174). 
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Aside from the advantages of the increase in constantly updated information 
(accessibility of general education to almost everyone, worldwide information can 
help people form opinions and generate knowledge, the world is moving closer to-
gether, etc.), there are also problematic aspects. For example, digitalization  increas-
ingly leads to poor quality data, i.e. deliberately misinterpreted or misleadingly pre-
pared information that can be disseminated unfiltered – especially via the internet 
(Schüller 2020, 11). New ethical challenges also arise, such as the increased need for 
awareness about privacy and data protection (Faraj et al. 2021, 4). Furthermore, the 
ability to detect misinformation has become more important (Nguyen 2021, 212).

“The world’s most valuable resource is no longer oil, but data” (The Economist 
2017). Referencing this, the slogan “data is the new oil” became a popular refrain, 
claiming data, especially “big data”, was becoming increasingly valuable. Big data 
can be defined as “very large sets of data … that can only be stored, understood, 
and used with the help of special tools and methods” (Cambridge University Press 
2023a). Data is collected and used commercially everywhere and at all times – in 
smartphones, online shopping, mobility services, etc. Based on big data, numer-
ous decisions are made that directly or indirectly affect citizens. While there are 
positive effects attributed to big data such as improved public safety or cancer di-
agnostics optimized by machine learning (Bhagespur 2019; Chang 2021, 1–10), the 
conclusions drawn from big data are often criticized – especially in the context of 
screening people for economic reasons under questionable data protection rules 
(Brayne 2017, 980; Zuboff 2019). Nonetheless, it is relevant that people are familiar 
with the basics of big data mining and how big data is interpreted and acted upon.

 Understanding decisions on the basis of data is becoming more complex (Van 
Audenhove et al. 2020, 3), while data analysis is automated via algorithms and 
artificial intelligence. Data literacy can enable people to understand and challenge 
these automated data analyses and the decisions based on them through relevant 
knowledge, skills, and values. Furthermore, people should also be able to recog-
nize and evaluate algorithmic bias (Baker and Hawn 2021, 1083).

Another argument for data literacy is “misunderstandings, misperceptions, 
mistrust and misgivings” (Wallmann 1993, 1) regarding statistics: Data is often 
aggregated in order to generalize information as far as possible. However, this 
aggregation inevitably means that information is lost, making individual infer-
ences very difficult (Holderness 2016, 9). One must be aware of this to interpret the 
omnipresent data in an informed way. Furthermore, there are often misconcep-
tions in society, which can be traced back to a simplified or simply incorrect view 
of statistical terms, statistical evaluation procedures, and how they can be inter-
preted. For example, some people misunderstand the mean value as the highest 
expression of the values in a population (Yilmaz 2013, 22). Problems can also arise 
from improperly drawing causal conclusions from correlations (Pearl 2000, 1) due 
to a lack of knowledge about (1) how data are generated, (2) what conclusions are 
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even possible, (3) and by what process of data generation (observational or exper-
imental) or (4) statistical analysis procedures (traditional statistical inference or 
modern causal inference). 

This shows that data literacy subsumes competencies that help to address 
challenges systematically by enabling the confident handling of data. It is a trans-
disciplinary key competence for 21st-century society (Ludwig and Thiemann 2020, 
436; Schüller 2020, 44), which is relevant in several fields. Data literacy can be an 
important skill when assessing the nature, quality, and credibility of different 
sources of information, which can vary greatly between different disciplines. Ac-
cordingly, data literacy can be adapted anywhere in a specific subject context with 
corresponding learning cultures. For example, data literacy is relevant for dealing 
with “big data” in large companies as it provides the basis for making future deci-
sions based on this data, but also for understanding major societal issues such as 
climate change, mass migration, or pandemics. 

Debate and criticism

The evolution of the term data literacy itself as distinct from other closely related 
and sometimes synonymous terms, such as statistical literacy or information liter-
acy, is worth highlighting. As early as 2004, Schield (2004, 8) presented an integra-
tive model in which data literacy is seen as one of the core competencies for critical 
thinking. He emphasizes the technical component of data literacy, especially the 
use of suitable software solutions (e.g. databases, analysis, and presentation soft-
ware); the term is closely related to practical aspects of data collection and analysis. 
In his model, data literacy can be seen as an essential sub-competence of statistical 
literacy, which is an essential sub-competence of information literacy. 

Given this, it is surprising that Schüller (2020, 11) notes that even today, defi-
nitions and competency frameworks do not distinguish between data, statistical, 
and information literacy. The delineation of the term, as well as its classification as 
a super- and sub-category of other forms of literacy, turns out to be fundamentally 
problematic, as Gould (2017) demonstrates. Partly under the inf luence of a work-
shop (Oceans of Data Institute 2016), he calls for broadening the concept of sta-
tistical literacy to include aspects of data literacy (and thus follows Schield’s 2004 
model), although he immediately notes that definitions of data literacy include 
statistical literacy but also go far beyond it. According to his observations, “this is 
because the notions of SL [statistical literacy] that have arisen from the statistics 
education community are perceived by those who work in data science as falling 
short of what is required” (Gould 2017, 23). It remains unclear whether data literacy 
is a subset of statistical literacy, or vice versa. The quote suggests that data litera-
cy may also be statistical literacy in a new (more digital) guise. This is supported 
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by earlier definitions of statistical literacy that are indistinguishable from current 
definitions of data literacy (e.g. Gal 2002, 3–4; Wallmann 1993, 1). A closer look at 
the levels of associated skills and competencies often reveals little difference (apart 
from a stronger focus on the creation and collection of data and the inclusion of 
buzzwords such as “big data” and “machine learning” in the term data literacy).

 Schield’s (2004) article gives an opportunity to explore the evolution of the 
term data literacy and its relative importance in the context of critical thinking, 
information literacy, and statistical literacy. His search of the ERIC database (In-
stitute of Education Sciences n.d.) at the time yielded over 10,000 hits for “critical 
thinking” and just under 1,500 for “information literacy”, whereas “quantitative 
literacy”, “statistical literacy”, and “data literacy” only received a maximum of 65 
hits each (Shield does not provide individual figures for the last three aspects of 
competence). In 2022, on the other hand, “critical thinking”, “information liter-
acy”, and “data literacy” have between 12,000 and 15,000 more entries, whereas 

“statistical literacy” (just under 3,000 more entries) and “quantitative literacy” (just 
over 1,600 more entries) have become much less established as terms (see Figure 1).

Figure 1. Occurrence of dif ferent terms in Education Resources Information Center 2022 
(Institute of Education Sciences n.d.)

As can be seen from the output deposited in the Education Resources Information 
Center, the interest in data literacy, as well as in information literacy and critical 

thinking, has grown substantially, whereas statistical literacy has seen a compar-
atively small increase in hits. It seems that statistical literacy is now seen as part of 
data literacy. Information literacy, on the other hand, continues to be considered 
quite separately. However, it would undoubtedly be instructive to break down the 
frequency of use of the terms by discipline to consider the extent to which the 
different terminology is simply a consequence of subject-specific differences in 
terminology.

However, based on the definitions and competence frameworks in use today, 
it remains unclear to what extent competencies in data literacy differ from sta-
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tistical literacy, information literacy, or problem-solving competencies in general, 
especially in comparison to Schield (2004). It seems problematic that most defi-
nitions tend not to focus explicitly on information technologies, but data literacy 
without reference to digitalization seems to have no added value. 

A critical problem in defining the term seems to be that in the course of digi-
talization, the distinction between “data” and “information” now seems obsolete 
(Schüller 2020, 11), as information that cannot be stored in the form of data has 
become almost inconceivable. Schüller (2020, 11) makes a claim for the “triumph” 
of data literacy: she assumes that it is a fashionable term resulting from the fact 
that jobs with the title “data engineer” or “data scientist” pay higher salaries than 
comparable titles such as “statistician” or “IT specialist” (unfortunately, she does 
not support this assumption with actual salary analyses).

Current forms of implementation in higher education

Data literacy has significant role in today’s educational landscape. When it comes 
to curricula for schools or universities, the significance of digital literacy and data 
literacy, in particular, is undeniable (Bandtel et al. 2021, 396).

As part of a European Erasmus+-funded program, an international research 
group was able to show that it is essential to support educators in acquiring data 
literacy skills in order to enable them to deal with data and base their decisions 
on data (Papamitsiou et al. 2021, 21). Using an extensive literature review of in-
ternational databases from academic publishers, the authors identified different 
courses that include educational data literacy training in higher education or pro-
fessional development (Papamitsiou et al. 2021, 8). Some of them are brief ly pre-
sented here. The Norwegian University of Science and Technology offers a course 
on digital literacy and smart learning that aims to develop a thoughtful relation 
to the use of digital services in various teaching and learning processes (Norwe-
gian University of Science and Technology 2020). A 15-week interactive hands-on 
course on data literacy is given online by the RETAIN Center of Excellence at New-
berry College for educators from South Carolina (n.d.). Edx, a consortium of uni-
versities from all over the world that offer online courses, provides various courses 
for teachers. One of them is a six-week course on learning analytics that addresses 
schoolteachers who want to improve their teaching through valuable data-driven 
insights during three to four hours a week (Edx 2023a). Another course focuses on 
big data in education (Edx 2023b), and again another one focuses on wise action 
in connection with data (Edx 2023c). 

In addition, there are other examples from around the world. In Tanzania, the 
Tanzania data lab (dLab), is fostering data literacy to engage communities to ad-
dress issues like the HIV/AIDS epidemic but also gender inequality and economic 
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growth by using data. Together with the University of Dar es Salaam, College of 
Information and Communication Technology (UDSM CoICT) they helped to start 
the first East African Masters in Data Science (dLab 2021).

As part of the “Swiss Digital Skills Academy”, a project funded by Swissuni-
versities, the association of higher education institutions in Switzerland, led by 
the École polytechnique fédérale de Lausanne, the “Develop Data Literacy” project 
was launched in 2021, with four universities of applied sciences participating as 
a core group. At the University of Applied Sciences of the Grisons, two courses 
were held where information science students first studied the theoretical foun-
dations of data literacy and subsequently developed Open Educational Resources 
on various topics of data literacy. Open Educational Resources are freely accessi-
ble learning opportunities that are mostly made available digitally (UNESCO & 
Commonwealth of Learning 2011, v). At the St.Gallen University of Teacher Edu-
cation, an Open Educational Resource is currently being developed in cooperation 
with educational researchers and in-service teachers as part of the same project, 
which will enable in-service and prospective teachers to receive further training 
regarding computer-based educational technologies as an example. 

The contribution shows that data literacy – despite existing terminological 
imprecision – is a transdisciplinary key competence of our time, which should be 
fostered more actively in university teaching.
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Design Thinking

Sadaf Taimur, Daniela Peukert, and BinBin Pearce

Definition

Design refers to “the plan, project, or working hypothesis which constitutes the 
‘intention’ in intentional operations” (Buchanan 1992, 10). Or as Rittel (1971, 19) for-
mulates it, “a [wo]man designs whenever [s]he has a purpose in mind and devises 
a scheme to accomplish this purpose”. In this chapter, design thinking is defined 
as a human-centered problem-solving approach which was intended originally to 
aid in the development of novel products but has more recently been adapted to 
deal with system-level challenges and “wicked” problems (Buchanan 1992; Dam 
and Siang 2018; Von Thienen et al. 2014).

The meaning of words changes with time and the term design is no exception. 
In the 14th century, the word originated from the Latin designare, which means 

“to plan” or “to devise”. In the 16th century, the Italian disegnare developed the 
meaning “to plot, to draw, to embroider”, etc., which was absorbed into the French 
language in different forms and then passed on to English. In the English-speak-
ing world, the term design covers all creative, planning, and drafting activities, 
various disciplines of both design and engineering, as well as the designed object 
itself. Only the noun and verb forms of the term are distinguished. As a noun, de-
sign refers to various disciplines and the designed object. As a verb, design encom-
passes planning and drafting procedures, i.e. process-oriented action. 

The term design thinking originated and was used in 20th-century literature, 
e.g. in the Architect and Engineer Magazine in 1946, but it has mostly been used by 
researchers in the field of design since the 1980s (Dorst 2015; Rowe 1987). Start-
ing from the 1990s, various models and understandings of design thinking have 
emerged, e.g. design thinking as a mindset, toolkit, method, and process (Dorst 
2011). Dorst (2011) elaborates that there is a reason why people from diverse fields 
are interested in design: Designers have been dealing with complex and open prob-
lems for years, and they have developed professional practices to do so; therefore, 
adopting their practices can help solve such problems. Adopting design thinking 
in other non-design fields led to a demand for definite and clear knowledge about 
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design thinking, which included a definition and methodological guidelines for 
non-designers to understand and engage with. With a consistent gain in popular-
ity, literature has reported a considerable number of success stories of the applica-
tion of design thinking in diverse fields (e.g. Brown 2008; Brown and Wyatt 2010; 
Dorst 2010). However, considerable ambiguity still exists regarding the use of the 
term and its definition.

Using design thinking in education has a long history, and the use of the term 
varies in application. For example, Panke (2019) conducted a literature review on 
applying design thinking in different educational settings and concluded the re-
view with seven themes. These themes identified design thinking as: (1) a method 
for instructional design for course material development; (2) a technique for cur-
riculum development; (3) a strategy for teaching to achieve specific objectives; (4) 
a learning goal; (5) a facilitation technique to support students; (6) an approach 
for leadership and organizational development; (7) a method for product develop-
ment or process improvement.

Background

Various models of design thinking have been developed over time based on Simon’s  
(1969) design thinking process. Simon’s design thinking approach was focused 
more on creating a way to change or adapt the existing conditions to ones compli-
ant with the current context. Another discourse on design thinking comes from 
Schön (1983), who emphasized the role of ref lection in design thinking and re-
garded ref lection as a core of design thinking. Design thinking as a problem-solv-
ing activity is related to Rittel’s interpretation and Buchanan’s elaboration of the 
wicked problem’s solution approach (Buchanan 1992). According to this approach, 
the process of design is divided into two segments, i.e. problem definition and 
problem solution (Buchanan 1992, 15). Another discourse by Krippendorff (2005) 
elaborates design thinking as an approach to create meaning rather than arti-
facts, and making meaning becomes the core of the design process while artifacts 
become the medium of communicating the meaning (Johansson-Skoldberg et al. 
2013, 126) The most notable design thinking approach for its application in the field 
of education is developed by the Hasso Plattner Institute of Design at Stanford 
University (Hasso Platter Institute 2023; Melles et al. 2015; Plattner et al. 2009). 
This transferable approach emerges from the human-centered design principles 
and entails five iterative stages: (1) Empathize – building empathy by deeply un-
derstanding the problems and realities of people who are facing the problems; (2) 
Define – defining a specific problem by unpacking and synthesizing the findings 
from the empathize stage; (3) Ideate – generating creative and radical ideas to deal 
with the framed problem; (4) Prototype – bringing the ideas into some physical 
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form to eliminate ambiguities and check the feasibility; (5) Test – putting low-res-
olution prototypes into a real-world context and refining the solution idea further 
by gathering feedback from stakeholders (Hasso Plattner Institute 2023).

The application of design thinking in the field of education is recent and var-
ied. However, design thinking can effectively promote transdisciplinarity by 
connecting students to the practice via real-world experiences (Pohl et al. 2018). 
Transdisciplinarity is defined as the process of extended knowledge production 
that encompasses a variety of actors and requires openness to the different forms 
of knowledge produced by scientific and lay communities (Mobjörk 2010). Design 
thinking takes an interdisciplinary approach and put learners into diverse teams 
which expose them to a plurality of knowledge and perspectives – this set-up 
encourages transdisciplinary learning as it allows learners to establish a shared 
understanding of the content while considering multiple perspectives (Taimur et 
al. 2022). We need to encourage transdisciplinarity (Darbellay 2015; Polk 2015) in 
order to deal with wicked, real-world problems while collaborating with different 
actors from society and science to produce robust and action-oriented knowledge 
(Biberhofer and Rammel, 2017). Design thinking, as a problem-solving approach, 
aims to deal with wicked problems, and in an educational setting it can encourage 
real-world, practice-oriented learning experiences – hence, it can be regarded as a 
transdisciplinary didactic tool for training learners to deal with wicked challenges.

Debate and criticism

There have been elaborate discussions regarding the transdisciplinary nature of 
design thinking among educators (Buchanan 1992; Cross 2006; Welsh and Dehler 
2013), demanding that more research is needed on design thinking in education 
from a transdisciplinary perspective. Most of the literature focuses on design 
thinking in education within a specific discipline. For example, in architecture and 
design (Lloyd 2013), natural sciences, technology (Mubin et al. 2017), entrepreneur-
ship, and business management (Nielsen and Stovang 2015; Von Kortzf leisch et al. 
2013), medicine (Deitte and Omary 2019), and engineering (Dym et al. 2005). 

However, the application of design thinking in an educational setting requires 
individuals to consider multiple perspectives from different actors during the 
empathize phase in order to frame the problem well. If perspectives from a sin-
gle discipline are considered to frame the problem, it may solve the problem in 
the context of that discipline but may end up creating problems for other fields. 
Therefore, educators must pay attention to how design thinking is being used in 
educational settings to promote transdisciplinarity. Panke (2019) explains that 
design thinking is being used in educational settings in different forms, and 
that this pluralism is worth appreciating. However, educators should be aware 
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that dealing with complex problems (in any field), which is the purpose of design 
thinking, requires individuals to consider multiple perspectives from diverse ac-
tors and be exposed to real-world experiences. Koria (2015) argues that deep and 
diverse disciplinary expertise should be brought into design thinking education 
to create disciplinary capabilities and promote interdisciplinarity, and that design 
thinking education should not be limited to teaching skills, but students should 
be engaged in the application of these skills, learning to collaborate across func-
tions, people, and cultures.

Mobjörk (2010) discusses two types of transdisciplinarity, consulting and par-
ticipatory. Consulting transdisciplinarity allows learners to consult stakeholders 
on their projects; however, the participation of actors is limited. On the other hand, 
participatory transdisciplinarity involves actors fully in the knowledge production 
process along with learners. Both kinds of transdisciplinarity can be promoted 
through design thinking, but educators should determine what kind of transdis-
ciplinarity is relevant to their context and to the objectives of the educational pro-
gram – specifically, when design thinking is applied in formal educational settings 
with time constraints related to its application. For example, one course is sched-
uled only for six months; in such a case, consulting transdisciplinarity works well 
to engage actors in the design thinking process (e.g. Taimur et al. 2022).

The application of design thinking in education also has ethical implications, 
as educators are required to organize diverse perspectives from different actors, 
disciplines, and functions. In this regard, educators (taking the role of facilitators) 
should ensure that they expose learners to all the perspectives (dominant and sub-
servient) without concealing any perspectives based on their personal preferences 
to implement design thinking for promoting transdisciplinarity. The ethical con-
siderations imply that applying design thinking may be difficult in undemocratic 
or authoritarian regimes as participants will not be able to encounter diverse per-
spectives or pluralism to develop the competencies required to frame problems in 
a real-world setting.

Current forms of implementation in higher education

Multiple cases have been reported in the literature that focuses on applying design 
thinking in education to foster transdisciplinarity. Cases from Germany, Roma-
nia, Japan, and Switzerland identify the essential elements of design thinking for 
transdisciplinary learning by showcasing how this approach can be adapted to 
varying contexts. 

A Romanian–German case study (Peukert and Vilsmaier 2021) focuses on the 
application of a specific aspect of design thinking: design prototyping. Design pro-
totyping is a method of constructing small two- and three-dimensional designs to 
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develop and visualize ideas, which can then be discussed and revised. The appli-
cation of design prototyping in transdisciplinary research processes differs from 
the application of prototyping in design disciplines in several ways. The role of a 
designer facilitates the prototyping process, prototyping context is detached from 
design or a product orientation, and the heterogeneity of the actors in a transdis-
ciplinary team can be far more diverse than those of product development teams. 
Design prototyping in transdisciplinary research is strongly embedded in the pro-
cess and is, therefore, in itself only an intermediate step in the overarching frame.

A case study by Taimur et al. (2022) identified the use of design thinking in 
higher education settings. That article used design thinking to implement a six-
month-long, graduate-level field exercise course at a public university in Japan 

– where learning processes and environment were referred to as pedagogy. The 
course’s overall objective was to deal with sustainability challenges in a specific 
context (Kashiwa no ha). Five-stage design thinking (adapted from Hasso Plattner 
Institute 2023) was used for pedagogy and all the stages of design thinking were 
implemented during the course, as indicated in Figure 2.

Figure 2. Stages of design thinking implemented during the field exercise in the 
sustainability science course (Taimur et al. 2022)

In this case, design thinking promoted consulting transdisciplinarity (Mobjörk 
2010), where stakeholders collaborated with the learners to respond and react to 
their questions, projects, and research. The case study showed that design think-
ing can support the characteristics of transdisciplinarity as it allows learners: (a) 
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to understand the sustainability problems (which lack distinct system boundaries) 
and define these problems; (b) to move back and forth between different stages of 
design thinking and to iterate their shared understanding openly; (c) to collabo-
rate with other learners and with the stakeholders outside the university settings. 
In order to establish a shared understanding of the problem and the solutions, it is 
crucial for learners to collaborate with each other. 

Tackling Environmental Problems is a first-year bachelor-level course that is com-
pulsory for students who are part of the Department of Environmental System 
Science at ETH Zurich. This intensive, year-long course builds on a tradition of us-
ing real-world case studies as a basis for group learning but also incorporates new 
elements of the integration of design thinking with systems thinking. The course 
provides students with the mindset and tools that allow them to analyze and take 
action on complex problems in the environmental field using the design thinking 
approach adapted from the process codified by Hasso Plattner Institute of Design 
at Stanford University (Figure 3). 

Figure 3. The structure of design thinking followed in Tackling Environmental Problems 
(author’s work adapted from Hasso Plattner Institute of Design 2023)
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The transdisciplinary approach of this design-based course is exhibited in four 
ways. First, the course is an inherently interdisciplinary course because it not only 
introduces first-year students to methodologies or methods specific to a particu-
lar discipline, but also to the perspective of systems thinking as a whole. Second, 
the course makes use of approaches from a variety of disciplines to push students 
to understand the world through an analytical lens. It also introduces a design 
perspective to students that enables them to develop a sense of empathy for the 
people taking part in the systems they are studying and encourages them to iden-
tify leverage points in the system where action can be taken. Thus, the method-
ology interweaves qualitative systems modeling and soft systems methodology 
with design thinking (Pohl et al. 2021). Third, the course relies on the contribution 
of real-world stakeholders for the identification of case studies and for providing 
feedback to students throughout the course. Fourth, collaboration and self-ref lec-
tion have a particular emphasis in the course. 

Another case study described by Ambole (2020), Living Lab at the University of 
Nairobi, Kenya, highlighted a model for embedding design thinking in the Afri-
can context. Through the Living Lab, design thinking workshops were facilitated 
for community engagement and to run problem-based learning programs from 
urban development. Most notably, workshops were facilitated in urban develop-
ment for urban actors drawn from five East African countries; the purpose of the 
workshop was to engage local actors to co-create ideas for local solutions by con-
textualizing local expertise and knowledge through design thinking. Further, the 
study placed the design thinking work done by the Living Lab in the context of 
transdisciplinary research, as these workshops allowed the design teams to con-
textualize the design thinking tools to tackle local challenges. This contextual-
ization enabled the researchers and learners to engage meaningfully with diverse 
multiple stakeholders and local actors to realize sustainable solutions. The study 
highlighted that design education, infused with transdisciplinary lenses, needs to 
gain prominence in Africa for sustainable development, because in Africa disci-
plinary boundaries are still concrete and the use of technology has not been rooted 
in urban development. 

The cases presented in this section have identified that design thinking can 
promote transdisciplinarity by encouraging autonomy, openness to appreciate 
diverse perspectives, and active learning in the real-world setting. This kind of 
transdisciplinarity develops learners’ ability to solve real-world complex prob-
lems. The way design thinking has been implemented in the case studies differs 
according to the context, indicating that it can be applied to diverse teaching en-
vironments, but it has to be contextualized and adapted to the specific learning 
objectives and context. In all the cases, participants (learners) followed a specific 
sequence of thinking: (a) building early thoughts and views (how to visualize them, 
thinking which aspects are important, where feedback is necessary); (b) commu-
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nicating the early thoughts and views; (c) thinking of how to test them; (d) openly 
giving and receiving feedback on early thoughts and views (giving appreciative 
feedback, taking different perspectives); (e) iteratively developing and rejigging 
the thoughts and ideas. This thinking pattern can also be termed as a design 
mindset for transdisciplinarity, which can be promoted via design thinking.

Transdisciplinary collaborations also come with many challenges, like manag-
ing the diversity in a team, translating different ways of communication, leveling 
power imbalances, bridging different epistemological approaches, dealing with 
personal and team issues, and keeping a common focus (Peukert and Vilsmaier 
2021). Design thinking as a process and its methods, like design prototyping, do 
not provide a general cure in overcoming these challenges, but by adding for ex-
ample a visual and tangible dimension (through working with drawings or proto-
types) to the collaborative process, a further cognitive mode is added that comple-
ments written text and the spoken word. The common design ideas and objects in 
design thinking processes can act as boundary objects (Carlile 2002; Heiss 2020; 
Leigh Star 2010), which are able to improve communication, level power imbalanc-
es, bridge epistemic difference, and create a common focus.
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Education for Sustainable Development 

Michael Brennan and Lyda Patricia Sabogal-Paz

Definition 

The word sustainable derives from the Latin sustinere, which means “to hold up, 
hold upright”, or “furnish with means of support” (Stevenson 2010, 4612). The uses 
and meaning of the word have evolved gradually to include the provision of the 
necessities of life. This contemporary usage can be understood in two ways: as a 
broad concept relating to ecosystems, but also in a narrow sense relating to hu-
man well-being (Harrington 2016). In universities, sustainability encompasses a 
wide range of activities and is commonly identified using the term education for 
sustainable development or ESD, defined as “holistic and transformational educa-
tion which addresses learning content and outcomes, pedagogy, and the learning 
environment” (UNESCO 2020, 8). Engagement with sustainability and sustain-
able development in higher education continue to expand in scope since the publi-
cation of a comprehensive review in 2016 (Barth et al. 2016). Recent developments 
have highlighted the significance of transdisciplinary approaches to producing 
and circulating knowledge, as well as transforming higher education for global 
sustainability (Parr et al. 2022).

However, each of the ESD words is contested, and there are multiple interpre-
tations in higher education. A sense of the definitional challenges is highlighted in 
the first volume of the International Journal of Sustainability in Higher Education (Leal 
Filho 2000). The different meanings of the word sustainability in different lan-
guages are illustrated, encompassing, for example, the long-term use of resources;  
how social and economic development takes place; the ethics of development; and 
the environmental impact of development. Combining sustainability with the 
different perspectives of the global north and south, post-colonial societies, and 
post-conf lict settings generates additional complexity (Janssens et al. 2022).

How does one make sense of this kaleidoscope of ideas? Three key points can 
be made. Firstly, how do we define sustainable development? A seminal United 
Nations publication, Our Common Future (also called the Brundtland Report), de-
scribes sustainable development as “meet[ing] the needs of the present without 
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compromising the ability of future generations to meet their own needs” (Brundt-
land 1987, 43). The broad scope of this definition has been questioned and mul-
tiple alternative definitions proposed, but the sentiment expressed is enduring: 
the idea that sustainability encompasses the intergenerational needs of humanity. 
Nevertheless, the redefinition of sustainable development is ongoing, with, for ex-
ample, the introduction of new perspectives such as sustainable entrepreneurship 
within planetary boundaries (Hummels and Argyrou 2021).

Secondly, how do we engage with the idea of sustainable development? UN-
ESCO, the United Nations agency tasked with education relating to sustainable 
development, emphasizes the nature of ESD as: “a lifelong learning process and 
an integral part of quality education that enhances cognitive, social and emotion-
al and behavioural dimensions of learning” (UNESCO 2020, 8). However, at least 
two approaches along a gradient of types of engagement have been recognized in 
educational settings. A narrow approach conceives of ESD as an addition to, or 
extension of, conventional courses and taught within established academic disci-
plines. This contrasts with a broad approach to ESD that is holistic and privileges 
education reform and transformation (Sterling 2021).

Thirdly, how do we practice sustainable development? A considerable effort 
has been made over the last 20 years to identify the knowledge, skills, and atti-
tudes (i.e. competencies) that are relevant outcomes for higher education learners. 
Different frameworks and models have been used, of which the most inf luential 
is that proposed by Wiek et al. (2011). This framework is the most accepted among 
experts in the field and informs the learning objectives for achieving the United 
Nations Sustainable Development Goals (Redman et al. 2021).

In summary, the multiple definitions, approaches, and frameworks associ-
ated with ESD have highlighted the limitations of partial and discipline-based 
approaches to sustainability. To overcome these limitations, it is argued that 
transdisciplinarity must become the lens through which the relevance of all dis-
ciplinary research and teaching relating to sustainability needs to be understood. 

Background 

Since the early 1960s the emergence of debate, research, and actions relating to 
sustainable development can be tracked though a series of historical events trig-
gered by increasing concerns about how human actions impact the environment. 
Table 1 identifies and includes highlights relating to some of the more inf luential 
ESD-related events which predate the introduction of the UN’s Sustainable Devel-
opment Goals in 2015. 

The historical development of education for sustainable development outlined 
in Table 1 has inf luenced, and is inf luenced by, transdisciplinary thinking. The 
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seminal work of Erich Jantsch (1970) viewed education as evolving from “train-
ing for well-defined, single-track careers and professions [...] towards an educa-
tion which enables judgement of complex and dynamically changing situations” 
(Jantsch 1970, 407). Underpinning this evolution was the increasing adoption by 
universities of transdisciplinary approaches to teaching and research as a means 
of increasing the capability for innovation. More recently, Scholz (2020) has high-
lighted the significance of transdisciplinary approaches for transitioning to sus-
tainable development and reiterated the role of universities for the public good. The 
50-year period separating the work of Jantsch and Scholz has witnessed a wealth 
of research and practice reported in dedicated academic journals and handbooks. 
In addition, interest in the approach is ref lected in the emergence of global com-
munities of practice, such as the Network for Transdisciplinary Research (td-net) 
and the International Center for Transdisciplinary Research (CIRET).

Table 1. History of education for sustainable development  
(adapted from UNESCO 2020, 65) 

Year Event or publication UNESCO ESD highlights

1972 United Nations Conference on the Human 
Environment, Stockholm.

The need for education in environmental 
matters.

1987 Our Common Future (Brundtland Report). Sustainable development defined. 

1992 The United Nations Conference on Environ-
ment and Development (Rio Summit),  
Rio de Janeiro.

Education is critical for promoting  
sustainable development. 

2002 World Summit on Sustainable Development 
(Johannesburg Summit), Johannesburg. 

Designated 2005–2014 as the United Nations 
Decade of Education for Sustainable 
Development.

2005 UN Decade of Education for Sustainable 
Development (2005–2014). 

Reorientation of education globally towards 
a central goal: to learn to live and work 
sustainably. 

2009 UNESCO World Conference on ESD, Bonn. Emphasized ESD as a “life-saving measure” 
for promoting ESD as “an investment in the 
future”. 

2012 The United Nations Conference on Sustai-
nable Development (Rio +20),  
Rio de Janeiro.

The need to integrate sustainable develop-
ment more actively into education. 

2014 UNESCO World Conference on ESD,  
Aichi-Nagoya. 

Launched the Global Action Programme: 
scaling up action in education to accelerate 
progress towards sustainable development. 
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What can be synthesized from the coevolution of sustainability and transdiscipli-
narity of relevance to education? Arguably, the most profound concept is that of 
mutually dependent knowledge. This idea is underpinned by a typology consisting 
of systems, target, and transformation knowledge, which together give meaning to 
a particular interpretation of a problem area (Brennan and Rondón-Sulbarán 2019; 
Pohl and Hirsch Hadorn 2007). Systems knowledge relates to a current situation 
and questions about the interpretations, origins, interactions, and trends relating 
to a problem. Target knowledge looks to desired future states and questions relat-
ing to better ways of operating and behaving. Transformation knowledge exam-
ines the means of changing from a current situation to a desired future state. The 
dynamic relationship between the three types of knowledge is important and mu-
tually dependent. In other words, the knowledge about, and assumptions relating 
to, a particular challenge in sustainable development are provisional and not abso-
lute. This interdependence creates a particular way of knowing about a challenge: 
such knowledge is conditional and interpretative (Popper 1959, 79). 

The contingent character of knowledge, implicit in sustainable development re-
search, has resulted in an emphasis on key ESD competencies and specific learn-
ing outcomes. The reason for this focus is partly due to the continually evolving in-
terpretation of sustainable development, as well as the need to span the different 

“worlds” of the physical environment, societies, and economies – for example, de 
Haan’s articulation of the concept of Gestaltungskompetenz (“shaping competence”) 
relating to the capacity to act and solve problems in a particular setting (de Haan 
2010, 318). In addition, several frameworks have been developed with attendant lists 
of different types of competencies, though this approach has been criticized repeat-
edly for the “laundry list” manner of articulating such competencies (Brundiers et al. 
2021). Wiek’s introduction of a model-based framework (Wiek et al. 2011) resulted 
from a reported convergence in the education literature around a set of key compe-
tencies in sustainability: systems thinking; futures or anticipatory thinking; values 
or normative thinking; strategic and action-oriented thinking; and collaboration 
or interpersonal approaches. These were subsequently broadly adopted, with addi-
tions, by UNESCO in the identification of the learning objectives for achieving the 
United Nations Sustainable Development Goals or SDGs (UNESCO 2017). 

Debate and criticism 

The Sustainable Development Goals act as a framework that identifies 17 end-states 
that are important for human survival on earth. Education relates to all 17 areas and 
in addition has a dedicated focus within SDG4: Quality Education. SDG4 encompass-
es a series of targets with associated indicators that explain what is involved in the 
each. Table 2 highlights key ESD-related events and publications linked to the SDGs. 
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Table 2. Education for sustainable development and the Sustainable Development Goals 

Year Event or publication UNESCO ESD highlights

2015 UN introduction of the SDGs 
and the 2030 Agenda for 
global transformation. 

Global Action Programme on ESD (2015–2019) aimed at 
promoting concrete actions in ESD.

2017 UNESCO ESD goals: learning 
objectives identified.

“ESD requires is a shift from teaching to learning … 
inter- and transdisciplinarity … linking of formal and 
informal learning” (UNESCO 2017, 2).

2018 UNESCO highlights issues 
and trends in education for 
sustainable development. 

“ESD entails rethinking the learning environment, physi-
cal and virtual” (UNESCO 2018, 8).

2019 40th Session of the UNESCO 
General Conference.

Adoption of a framework for the implementation of ESD 
beyond 2019 (2020–2030).

2020 Education for Sustainable De-
velopment Goals: A Roadmap.

“Often ESD is interpreted with narrow focus on topical 
issues rather than with a holistic approach” (UNESCO 
2020, 9).

2022 Berlin Declaration on 
Education for Sustainable 
Development.

“ESD must be based on … respect for nature, as well as 
human rights, democracy, the rule of law, non-discrimi-
nation, equity and gender equality” (UNESCO 2022, 3). 

2022 Knowledge-driven action: 
transforming higher education 
for global sustainability.

The imperative need for institutions to become open, 
fostering epistemic dialogue and integrating other ways 
of knowing (Parr et al. 2022, 14).

The emerging discourse summarized in Table 2 emphasizes the need for trans-
disciplinarity to tackle the complexity of sustainability challenges. This need is 
based on a recognition that individual scientific disciplines can only ever provide 
partial solutions: challenges can be perceived and interpreted in different ways. 
This takes place through knowledge integration and a recognition of differing 
societal and scientific discourses (Jahn et al. 2012). Increasingly, the evolution of 
ESD approaches is being viewed as a series of phases. An initial orientation phase 
(1970–1990), with a focus on environmental issues; a secondary transition phase 
(1990–2000), with the broadening of the debate to include development themes; 
and finally, the current expansionary phase (2015 onwards), with a focus on sus-
tainability as a key agent of change (Michelsen et al. 2016). However, debate and 
criticism highlight a concern that the ESD concept is more often described than 
defined. This is unsurprising, as “no one discipline can claim education for sus-
tainable development” (UNESCO 2005, 31). ESD is typically explained in terms of 
frameworks of competencies, despite no explicit consensus on a specific frame-
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work (Brundiers et al. 2021). More critical debate suggests that international ef-
forts to promote ESD have been hampered by lack of clarity on how to implement 
this form of education (Vare et al. 2019). Further, there is a need to include other, 
non-European, ways of knowing, including indigenous perspectives (Rondón-Sul-
barán et al. 2021) and experts from Latin America, Middle Eastern, and African 
higher education with alternative perceptions on development. 

Current forms of implementation in higher education 

The aspiration is for education for sustainable development in higher education 
research and teaching to become transdisciplinary in perspective and transfor-
mational in practice (Parr et al. 2022). This transformational aspect of education 
encompasses learning content and outcomes, pedagogy, and the learning envi-
ronment itself. How this takes place in practice is conditioned, arguably, by the 
contrasting narrow and broad approaches to education for sustainable develop-
ment. A narrow approach deconstructs ESD into component parts (students, fac-
ulty staff, and institutions) and then looks at novel ways in which learning and 
teaching engage with sustainable development. In this way discipline-based cur-
ricula are modified and redesigned to ref lect the sustainability agenda. Faculty 
staff are encouraged to collaborate with colleagues from different disciplines, 
and institutions register and promote such initiatives as examples of ESD with 
relevance to regional or national economies. This approach arguably fails to un-
derstand the inherent complexity of sustainability challenges and at worst can be 
viewed as an optional addition to education practices.

An alternative, broad approach to education for sustainable development recog-
nizes the complexity of sustainable development and the dynamic nature of human 
actors, social groups, and institutions involved in education. A useful way of un-
derstanding the implications of this approach is to view education as an innovation 
system (Jantsch 1970), consisting of a nested hierarchy of analytic dimensions (Geels 
2004). This approach privileges different forms of innovation activities at different 
levels. A micro-level involves novel configurations or niches that are shaped by an 
existing education regime in a particular local or regional setting – for example, 
Utrecht University in the Netherlands with its emphasis on transformative hubs in 
Future Food; Negative Emissions; Transforming Cities; Water, Climate, and Future 
Deltas; and Circular Economy and Society (Parr et al. 2022, 40). A second, meso-level 
is envisioned as patchworks of regimes encompassing sociocultural elements; mar-
ket networks; policy; science; and technology. These regimes constantly evolve and 
interact with micro-level learning and teaching innovations. For example, the Qual-
ity Assurance Agency for Higher Education in the United Kingdom has produced a 
guide (QAA/Advance HE 2021) that promotes practical actions for higher education 
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across British universities. The opportunity for ESD to reinforce individual institu-
tional objectives is explicit and includes the promotion of transdisciplinary learning, 
employability, enterprise, entrepreneurship, and civic engagement. Key competen-
cies are linked to an overarching model of learning which is identified as central to 
the transformational learning experience. A third, macro-level is conceived as an 
evolving sociotechnical landscape that is transformed by a patchwork of meso-re-
gimes. The dynamic nature of this evolving macro-landscape creates emerging op-
portunities. For example, GreenComp, the European competence framework (Bian-
chi et al. 2022) is an organizing framework consisting of: developing sustainability 
values, embracing complexity, envisioning sustainable futures, and acting for sus-
tainability. The benefit of such a micro-, meso-, and macro-innovation systems ap-
proach is that it provides a more contextualized and dynamic understanding of the 
increasing numbers of case study examples of ESD in different contexts across the 
globe, as illustrated in Table 3.

Table 3. Learning and teaching education for sustainable development 

Source University Education for sustainable development as …

Baumber 
2022

University of 
Technology Sydney, 
Australia

A transdisciplinary approach to facilitate transformative 
learning through a focus on real-world challenges. 

Taylor et al. 
2021

Tampere University, 
Finland

Skills and competencies required and effective pedagogic 
practices that could help educate future professionals.

Cavalcanti-
Bandos et al. 
2021

Higher education 
institutions in Peru, 
Brazil, and Colombia

Critical thinking surrounding rational bases for exploring 
the environment. Organizational development, supporting 
culture, and planning for sustainability integration. 

Galvão et al. 
2020

University of Lisbon, 
Portugal

Student learning as collaborative experience towards 
transdisciplinary knowledge creation.

Jia et al. 
2019

Tongji University, 
China

Comprehensive transformation of curricula and pedagogy 
to bring coordinated innovation at multiple levels. 

Awuzie and 
Emuze 2017

Central University  
of Technology, 
South Africa

Implementation drivers such as cost-related, regulations, 
competitive advantage, and community engagement. 

In summary, the idea of education for sustainable development is continual-
ly evolving but broadly speaking can be understood in three ways: (1) Education 
about sustainable development with an emphasis on raising awareness. (2) Educa-
tion for sustainable development as a way of widening perspectives with a view to 
inf luencing practice. (3) Education as sustainable development involving behav-
ioral and paradigm change.
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Embodied Learning

Lucy Allen, Susanne Pratt, Bem Le Hunte, Jacqueline Melvold, Barbara Doran,  
Giedre Kligyte, and Katie Ross

Definition

Within transdisciplinary education and beyond, educators are increasingly incor-
porating embodied learning as part of an expanded understanding of intelligence 
and cognition. Embodied learning is grounded in the recognition that experience, 
perception, and knowledge are shaped through the activity of our body in relation 
to the world and also shape the world (Dewey 1997; Goldin-Meadow 2009; Lakoff 
and Johnson 2020; Lindgren and Johnson-Glenberg 2013). The term embodied 
learning is etymologically based in the Old High German botah, meaning “body”. 
In recognizing that “the human mind is a relational and embodied process that 
regulates f lows of energy and information” (Siegel 2010, 52), embodied learning 
offers an educational approach that integrates physical and sensory learning 
alongside “the work occurring between the ears” (Henriksen et al. 2015, 8). This 
is not to suggest that simply engaging the body in physical activity within edu-
cation constitutes embodied learning. Rather, embodied learning occurs when  
 “the meaning of what is learned is grounded specifically in body movement and 
perception” (Nathan 2021, 81). In this chapter, embodied learning is applied as an 
umbrella term to encompass the various ways learning is discussed and realized 
across different fields, where there is an emphasis on learning that “joins body 
and mind in physical and mental acts of knowledge construction” (Nguyen and 
Larson 2015, 332). Embodied learning moves beyond mind–body dualism to em-
brace learning as a holistic, integrated, and felt act. For this reason, it can be seen 
as a crucial component of transdisciplinary learning in that it supports “attentive 
[ness] to the body and its experiences as a way of knowing” (Freiler 2008, 40). 

In transdisciplinary education, embodied learning supports students from 
different disciplinary backgrounds to move across disciplinary boundaries and 
make sense of complex real-world challenges through explicit engagement of 
their bodies and sensory systems, including ref lexivity, creativity, and complexi-
ty through attentiveness to body–mind–environment interactions. It also enables 
students to develop core transdisciplinary competencies in integrating and imple-
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menting diverse perspectives, wisdom, and knowledge. Keeping mind–body–en-
vironment relations central to education provides opportunities for students to 
develop meaningful views of themselves as competent learners within a “commu-
nity of experience” (Nguyen and Larson 2015, 339). It also encourages students to 
move back and forth between the background, histories, beliefs, choices, expe-
riences, and expressions that inf luence their own and others’ actions (Satina and 
Hultgren 2001) to support ref lexive transdisciplinary ways of being and knowing.

Background

As an approach for transdisciplinary learning, embodied learning has the potential 
to effectively support students to integrate their felt and emotional experiences, 
connect knowledge with action and make sense of complex real-world challenges. 
The 20th century has brought increased interest from academics across disciplines 
in the role of the body in education, including transdisciplinary learning. 

Embodied learning has established itself as a significant field of research and 
practice in recent decades (Lindgren and Johnson-Glenberg 2013) as scholars 
adopt an expanded understanding of cognition and acknowledge the limitations 
of traditional education models. The body has historically been dismissed in edu-
cation due to its subjective nature and perceived irrelevance in processes of know-
ledge construction (Dewey 1997; Henriksen et al. 2015; Johnson 1987). Yet at the 
turn of the 20th century expanded notions of cognition and intelligence emerged. 
Most notably, embodied cognition is informed by the work of contemporary phi-
losophers such as John Dewey (1997), Martin Heidegger (1975), and Maurice Mer-
leau-Ponty (1962, 1964). Embodied cognition acknowledges that “the brain is not 
disconnected from the rest of the body and solely responsible for cognition, but an 
organ occupied with processing perceptions experienced in the body” (Branscom-
be 2019, 3). Embodied learning offers a holistic approach to education in which 
the learner’s physical, emotional, mental, and spiritual development is suppor-
ted, and assumptions about the nature of knowledge are challenged (Forgasz and 
McDonough 2017). As the body is put back inside the mind (Johnson 1987, 7), lear-
ners are supported to engage their felt and bodily experiences as a means to make 
sense of knowledge and the world in new ways.

Embodied learning has a natural affinity with the goals of transdisciplinary 
education in striving for an “equilibrium between analytic intelligence, feelings, 
and the body” (Nicolescu 2012, 15). Both embodied learning and transdisciplinary 
education have emerged in response to postmodern views around the nature of 
knowledge that recognize it as not static or rational but complex, indeterminate, 
interpersonal, and contested. To grapple with and develop complex knowledge, le-
arners require higher-level skills, competencies, and diverse approaches to obser-
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ving and making sense of complex knowledge and social problems (Murray 2009). 
Mishra et al. (2011, 25) argue that embodied thinking is one of seven transdisciplinary 
skills that support individuals in facing challenging situations through engage-
ment with empathy and by integrating the “physical, mental and the emotional 
aspects of how we think and experience the world”. Within transdisciplinary edu-
cation, embodied learning is both an approach to learning and a transdisciplinary 
competency that should be developed. Despite increasing interest and recognition 
of the value of holistic, integrative education – such as transdisciplinary education 
and embodied learning – there are still challenges around bridging the gap bet-
ween these domains and theory and practice, as the next section highlights.

Debate and criticism 

The 20th century has seen great theoretical advancement in the domain of em-
bodied learning, yet further empirical research is required to better understand 
how embodied learning is applied within educational contexts, including that of 
transdisciplinary higher education. There is still a stigma around embodiment, 
which presents challenges, as articulated by Gregory (2006, 316): “students of my 
generation were taught to view embodiment as a circus sideshow, a vulgar dis-
traction like the fat man and the bearded lady who, we assumed, had nothing in 
common with the glittering f lights of mind exhibited by the intellectual trapeze 
artists soaring high above the centre ring of the educational circus tent”.

Table 1. Overview of debate, criticism and limitations of embodied learning research 

Debate, criticism,  
and limitations

Details References

Criticism and resistance 
by learners, practitio-
ners, and the institution.

Embodied learning challenges our understan-
ding of what it means to teach and learn. Stu-
dents and educators have been socialized to 
see learning as the act of knowledge transfer 
(involving sitting, thinking, and repeating back 
information). As such, embodied learning can 
be seen as alternative, unnatural, unintellec-
tual, and uncomfortable.

Gregory 2006; Gus-
tafson 1999; Monk et 
al. 2015; Nguyen and 
Larson 2015
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Debate, criticism,  
and limitations

Details References

Limited scholarship 
addressing embodied 
learning in transdiscipli-
nary higher education.

Research connecting the domains of embo-
died learning and transdisciplinary higher 
education is limited. Existing scholarship is 
currently focused on the application of em-
bodied learning within Kindergarten to Year 
12 in contrast to higher education, and when 
discussed in relation to higher education, the 
focus is typically discipline-specific rather 
than transdisciplinary in focus.

Henriksen et al. 2015; 
Monk et al. 2015

Embodied learning re-
quires time, resources, 
training and support, 
which can be challen-
ging in resource-cons-
trained environments.

Students and practitioners must be supported 
to develop an understanding of the value 
of embodied learning. There must also be 
careful consideration of body politics within 
the classroom and the role of gender, power, 
culture, trauma, and emotion within embodied 
learning. If embodied learning is to be 
supported in academia, education cultures 
and structures need to change, not just the 
educators themselves. Institutions must also 
recognize and support the labor-intensive 
nature of embodied approaches.

Fugate et al. 2019; 
Lipson Lawrence 
2012; Macintyre 
Latta and Buck 2008; 
Nguyen and Larson 
2015; Wagner and 
Shahjahan 2015

Debates around what 
constitutes embodied 
learning and when it is 
appropriate.

It is easy to assume that bodily engagement 
is always necessary and effective in learning. 
Yet scholars seek to dispel this assumption, 
recognizing that embodied learning does 
not claim that all movement and bodily 
engagement supports learning. There should 
be careful consideration of how and when 
embodied learning can support meaning-
making.

Nathan 2021; Skul-
mowski and Rey 2018

Current forms of implementation in higher education

There are various ways in which embodied learning is implemented within trans-
disciplinary higher education. However, the emergent nature of both domains 
means limited scholarship and few case studies explicitly discuss implementation. 
Therefore, the following discussion does not offer an exhaustive list but instead 
highlights the various ways embodied learning is currently being implemented 
within transdisciplinary higher education around the globe, and the need for insti-
tutions and practitioners to make these applications more explicit. Given the emp-
hasis on collaborative, real-world, and integrative learning, transdisciplinary edu-
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cation naturally leans towards and draws on embodied learning. Movement and 
physical activity are often integrated into the classroom as students work collabo-
ratively and in hands-on ways with one another as part of transdisciplinary teams 
and engage in real-world contexts where students interact with stakeholders to 
understand and respond to complex challenges. Furthermore, bodily sensations, 
feelings, and emotions are required to make sense of and integrate different ways 
of knowing. As a result, higher education institutions and practitioners may un-
consciously engage students in embodied learning when designing and delivering 
transdisciplinary learning. However, the following examples highlight how embo-
died learning can be engaged intentionally within transdisciplinary higher educa-
tion, both as an embedded curricula approach and through specific activities. 

Within the undergraduate degree of the Bachelor of Creative Intelligence and 
Innovation at the University of Technology Sydney, embodied learning forms a 
core approach to transdisciplinary teaching and learning. The course was launched 
in 2014 as a combined degree that enables students from 25 different “core degrees” 
from faculties across the university to undertake transdisciplinary learning along-
side another undergraduate degree (e.g. design, science, business, communicati-
ons, and engineering). Within the Bachelor of Creative Intelligence and Innovation, 
embodied learning is used to foster engagement with complexity, ref lexivity, and 
creativity to support students from different disciplinary backgrounds to work 
collaboratively on complex real-world challenges with different people (Allen et al. 
2021). For example, in a complexity-focused subject, students respond to an assess-
ment brief asking them to enact a complex system in which their challenge occurs. 
Students use systems thinking and complexity frameworks, such as Dave Snow-
den’s Cynefin framework (Kurtz and Snowden 2003) and Donella Meadows’ (2009) 
leverage points, to intervene in a system and explore extreme challenges facing 
humanity today, such as out-of-control bushfires, drought, unsustainable farming 
practices, and overconsumption. These frameworks are introduced alongside dif-
ferent creative embodied practices, such as role-play, improvisation, and “Complex 
Systems Tableau” (Allen et al. 2021), drawing on systems thinking and theatre-ba-
sed practices, such as the drama convention of tableau, in which participants make 
a frozen scene using their bodies, striking different poses and facial gestures. As 
a result, students design various embodied enactments of complex systems, from 
games in which the rest of the cohort participates to poetic imaginings of the sys-
tem from more-than-human perspectives. This embodied experience contributes 
to students’ capacity to question their assumptions and develop a situated, col-
lective, and relational understanding of the system they are engaging with, inclu-
ding an empathetic sensibility to different stakeholders’ values and perspectives. 
Empathy towards other actors in the system and understanding of our complicity 
in propagating problems was much harder to grasp for students in the past when 
more analytical approaches to systems thinking and complexity were adopted. 
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In other cases, embodied learning is applied within specific subjects as part 
of a broader course to enhance creativity and support transdisciplinary learning 
in higher education. At the University of Vermont in the USA, students studying 
the environmental sciences can participate in subjects that draw on an approach 
called Kitchen-based Learning (O’Neil 2015), developed by environmental scien-
ces instructor Joy Kcenia O’Neil. Within the subject “Environmental cooking”, 
students are invited to learn about the interdisciplinary field of sustainability 
through experience and interactions in the kitchen “ecosystem”. Creativity is 
enhanced through the coming together of seemingly disparate domains – sus-
tainability and cooking – and by engaging students’ sensory systems and embo-
died emotional states, feelings, and moods. For example, students take part in 
sensory-based activities such as “Palate solving”, where they describe and ref lect 
on the texture, taste, and smell of their dish to “deeply experience their food by 
connecting to their senses and what memories might be elicited or insights gai-
ned” (O’Neil 2016, 326). In this activity, students use their bodies to access hidden 
wisdom and understanding, which leads to collective and unanticipated learning, 
trust, and relationships that create the conditions for deep, enriched learning. 
O’Neil (2016, 328) also describes the broad range of emotions that are “all over the 
place”, and interactions, both human and non-human, that take place within the 
kitchen as “students go back and forth from the refrigerator, stove, cupboards, 
talking to one another, with clanking sounds of chopping and cooking … laughing, 
silence and focus”. Transdisciplinary embodied experiences, such as kitchen-ba-
sed learning, value and amplify the emotional and energetic states that inform 
cognition, perception, and creativity (Cherukunnath and Singh 2022) and play a 
crucial role in transdisciplinary higher education. 

Transdisciplinary embodied learning can also be implemented via specific 
learning activities rather than a specific curricular approach within a subject or 
course. The Swiss Academies of Arts and Sciences emphasizes studies in the sus-
tainable sciences and society and focuses on strengthening the exchange across 
scientific disciplines (SCNAT 2023). Scholars and educators within the academy 
have developed a range of activities that utilize embodied learning approaches 
to support transdisciplinary learning. For example, the Actor Constellation is an 
activity developed by Christian Pohl that draws on role-play and physical mapping 
to unpack different perspectives and interactions relating to a central challenge 
question. Participants are invited to represent different scientific and societal ac-
tors, positioning themselves physically and spatially in relation to the challenge 
question and other actors to question and demonstrate their relevance to the chal-
lenge (Pohl 2020). Embodied activities such as the Actor Constellation support le-
arners in moving beyond current perceptions and biases they may hold in relation 
to the challenge and to stakeholders. Furthermore, it supports the integration of 
different perspectives and ways of thinking. Pohl (2020, 1) argues that “the actor 
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constellation helps to bridge thought styles by making the underlying assump-
tions of the person that positions the actors explicit. The assumptions become 
known and open for deliberation and discussion”. This is an “embodied ref lexivi-
ty”, generating insights that only become accessible through critical engagement 
with embodied action (Midgelow 2017, 130) that can “disrupt assumptions, passive 
learning, and mind/body division” (Nguyen and Larson 2015, 341). This activity 
has also been successfully adapted and applied within the Bachelor of Creative 
Intelligence and Innovation to support students from different disciplines to no-
tice (and make sense of) the world with their bodies in ref lexive ways (Allen 2021).

In conclusion, embodied learning in transdisciplinary higher education sup-
ports learners to engage with ref lexivity, creativity, and complexity as they tackle 
real-world social challenges together. Embodied learning fosters core transdisci-
plinary competencies around knowledge integration, enabling learners to deve-
lop as transdisciplinary practitioners. Although there are challenges in engaging 
embodied learning within transdisciplinary higher education, it offers a valuable 
teaching and learning approach that supports a more holistic and integrative edu-
cational experience. Embodied learning is often implicitly applied within transdi-
sciplinary higher education contexts; however, it can be integrated with intention 
and awareness to enhance transdisciplinary learning. Scholars, educators, and 
institutions are advised to focus on developing and sharing understanding and 
practice around the critical application of embodied learning within transdisci-
plinary higher education. This requires recognizing that embodied learning is 
relational and contextual and that there is no one approach or formula for how 
embodied learning is best engaged within transdisciplinary learning contexts. 
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Engaged Learning

Alexander Chmelka, Mary Griffith, and Hendrik Weiner

Definition

“[T]he concept of Engaged Learning emerges from multiple theoretical frame-
works and educational practices” (Swaner 2007, 16). Therefore, different ap-
proaches to classification and definition can be identified. Definitions might fo-
cus on the learners (Swaner 2007, 19), on the learning process and its products 
(Schreiner 2009, 43), or on engagement with communities beyond the learning 
institution itself (Jacob et al. 2015, 1).

Engaged learning is a broad, inclusive umbrella term (Lund and Wright 2017, 
652) for the pedagogical approach that enables students to derive learning from 
meaningful community engagement while working on real-world problems. “We 
define Engaged Learning as the process where students apply the theory learned 
at Higher Education Institutions to a context outside of Higher Education In-
stitutions by addressing societal concerns, challenges or needs while producing 
knowledge in an equitable, mutually beneficial partnership” (Marsh et al. 2021, 23).

Some publications use engaged learning as a derivation from the more com-
mon service learning (Sachs and Clark 2017, 54). However, the replacement of “ser-
vice” with “engagement” is accompanied by a fundamental change in meaning. 
While “service” aims at support, help, or a remunerated offer, “engagement” goes 
hand in hand with a socially emancipated attachment and a personal dedication to 
a cause, and is oriented towards the well-being of all actors concerned. Activities 
of academic teaching and learning are combined with civic engagement (Bandy 
2011). Engaged learning, also referred to as community-engaged learning (Bandy 
2011; Berard and Ravelli 2021), builds on ideas of service learning, but puts an even 
stronger emphasis on community involvement. Civic communities should make 
a significant contribution to the design and implementation of engaged learn-
ing initiatives, while independence in the development of solutions and innova-
tions should be preserved to prevent conf licts of interest. This refers to engaged 
learning’s underlying principle of reciprocity, which can be described as a state in 
which all partners mutually benefit from the actions of the respective counterpart 
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(Weyer 2014, 49). While service learning has increasingly developed into a distinct 
teaching method with recognized quality standards (Aramburuzabala et al. 2019) 
and processes for institutionalization (Bringle and Hatcher 1996), engaged learn-
ing takes the opposite approach and tries to gather as many methods and con-
cepts as possible in order to work out their common core concern and educational 
understanding. This can be seen as an attempt to dissolve and unite the previous 
parallelism or even competition between approaches that are similar in essence.

At the universities, engaged learning is understood “as part of a third mission” 
(Chmelka et al. 2020, 11), i.e. as activities of a higher education institution that take 
place in the context of teaching and research without being teaching or research 
alone (Henke et al. 2015, 5). In terms of mission, the experiences of people outside 
academia need to be recognized and included in academic teaching and learning. 
In this way, engaged learning is an approach to transformative science which not 
only observes social transformation processes and describes them from the out-
side, but also initiates and catalyzes change processes itself (Schneidewind 2015).

From a systemic perspective, engaged learning is a transdisciplinary approach. 
It aims to overcome the increasingly contested boundaries between society and 
science. At times this means “unlearning” or perhaps just challenging some con-
cepts traditionally taught in secondary education and introducing learners to the 
world of science from divergent perspectives. Academic teaching in the sense of 
engaged learning involves actors outside the university in the teaching process 
and tries to take into account the identified needs of all stakeholders. In this way, 
the previously separate systems of society and science are blended, preventing the 
infamous ivory tower of higher education and instead making the university in-
creasingly more relevant to society as a whole.

Background

The term engaged learning is obviously composed of two words – engagement and 
learning. Both are as familiar as they are loaded with assumptions. It is, therefore, 
advisable to explore the specific understanding and link between engagement and 
learning in engaged learning.

Educators think of engagement in four related but different ways (Bowen 
2005). The most fundamental is student engagement with the learning process: 
just getting students actively involved. The second is student engagement with 
the object of study. Here the emphasis is on the stimulation of students’ learning 
by direct experience of something new. Another is student engagement with con-
texts of the subject of study. This gives emphasis to the importance of context as 
it may affect and be affected by the students’ primary subject. When social and 
civic contexts are considered, this inevitably raises ethical issues. Finally, there is 
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student engagement with the human condition, especially in its social, cultural, 
and civic dimensions. Engaged learning is born from this fourth aspect.

The idea of learning as ref lected experiential knowledge, gained through civic  
commitment in social settings facing actual problems, points to the work of re-
searchers and theorists on learning, as well as on the purposes of education itself. 
One of the first foundations for what we now call engaged learning is Marx’s state-
ment that the purpose of scientific work should not be understanding the world 
alone, but rather the transformation for the better that goes with it (Marx [1888] 
1976). Later, Pasteur revealed the value of practical teaching combining the awaken-
ing of a love for science with an interest in the needs of the surrounding community 
(Vallery-Radot 1906, 75–86), making a case for engaging approaches. John Dewey 
(1938) revealed the interconnection of education and democracy, where the rela-
tionship between education and civil society were highlighted. For Dewey, teaching 
practice, through interaction, could reveal a better starting point of direct inqui-
ry. In this way new material, factual and conceptual, is disclosed, material which 
is more relevant, more weighted and confirmed, than were the initial facts which 
served as the point of departure (Dewey 2008, 145). At the end of the 20th centu-
ry, educational researchers increasingly questioned the teacher-centered (Henson 
2003) and low-activation approach (Kolb 1984) of traditional learning. The concept 
of engaged learning draws from both Kurt Lewin’s (1946) contribution with Action 
Research and Donald Schön’s (1987) observations that the problems that concern 
people outside academia resist purely research-based, technical attempts to solve 
them. Engaged learning must therefore be grounded in the respective social reality 
of life and, at the same time, strive to overcome problematic conditions within it.

Engaged learning has evolved from these philosophical traditions into a higher 
education agenda, which responds to the recurring demands for greater education-
al effectiveness, economic efficiency, political relevance, social responsibility, and 
environmental sustainability of higher education institutions. The normative im-
perative of engaged learning (Sachs and Clark 2017, 54) is to see higher education in-
stitutions not above, but at the same level and as an integral part of the surrounding 
social life and to make appropriate contributions to living together. This can also be 
seen as a strategic approach to bring scientific expertise into the public debates and 
as an attempt to maintain or expand the relevance of higher education institutions 
in times of great social upheaval and crisis-driven historic turning points.

Debate and criticism

It is obvious that an agenda alone is not enough to overcome local, let alone global 
challenges. Engaged learning requires cross-sectional partnerships, where all in-
volved must be willing, able, and committed to work together on complex challeng-
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es, at least in the medium term. One of the best ways to open the debate and criti-
cism of engaged learning is to understand the potential and challenges to working 
across the disciplines together with working directly with community partners. 
For scientists, engaged learning may lead to new research directions or reinforce 
existing research lines (Van der Windt et al. 2014, 7). In the field of teaching, en-
gaged learning opens up the “opportunity to [co-]educate the next generation of 
professionals, citizens, board members, policy makers, and donors” (Worrall 2007, 
11). But for this to occur, the doors of universities, which form a boundary between 
the relatively safe and autonomous academic world and the pressing concerns and 
limitations of the outside world, literally must be opened (Oonk et al. 2020). One 
of the clear challenges is that partnerships between communities and universi-
ties need to be developed, with building sustainable partnerships “often requir-
ing enormous investment in human and social capital to build sufficient trust in 
relationships to enable the co-creation of possible solutions. This ... requires time 
and perseverance” (Sachs and Clark 2017, 44), meanwhile taking into account the 
multiple perspectives and interests of all stakeholders.

Following a current engaged learning toolkit discussion (CaST project 2022), 
four different groups of interest can be identified: students; teachers and staff at 
universities; community partners; and policymakers. For students, learning for-
mats should support them in achieving the formal requirements to obtain an aca- 
demic degree and prepare them for a subsequent professional career, while at the 
same time developing self-determined and critical personalities. Students who 
participate in engaged learning initiatives find it gratifying, particularly because 
teamwork and open communication, which tend to play a subordinate role in the 
usual course of studies, take on concrete meaning (Nieto-Herman and Viera 2019, 
5). For teachers and staff, engaged learning initiatives should be compatible with 
the multitude of other tasks, like ongoing research and third-party-funded projects. 
It should be recognized as a valuable teaching approach that is not only fruitful for 
student learning and development, but also contributes to furthering the universi-
ty’s third mission, as well as rewarding teachers who contribute to it. Community 
partners highlight the need for sustainable partnerships. These relationships may 
include associations, municipalities, companies, or agencies. Many desire perma-
nent contacts at the university, and connections with students, whose cooperation 
helps to address challenges. For this to be viable, expectations must be managed at 
the initial stages of project development. And finally, for policymakers, the agendas 
proposed and concepts developed by engaged learning should be practically imple-
mented and evaluated to serve as a basis for new decisions and governance.

Once the various stakeholder positions are explored broadly, the debate moves 
towards a deeper understanding of collaboration across academic disciplines. 
The need to “manage the expectations of external partners” (Anderson 2022, 154) 
is highlighted in recent publications on engaged learning. At the same time, col-
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laboration within the university itself needs to consider discrepancies in teaching 
and research styles across the disciplines. When disciplines with different learning 
modes are supposed to work together, this can lead to misunderstandings (Barron 
2002). Clearly this is a contextual issue, for complex real-world problems have no 
disciplinary boundaries. Teaching and learning on those problems is therefore con-
ducive to conf licts across the disciplines, which can provoke new combinations of 
experience and knowledge that are the basis of innovation (Nonaka and Konno 1998).

By recognizing the diversity of perspectives and interests, the complexity of 
previously underestimated issues becomes clear. From this point of view, engaged 
learning has the potential to increase the awareness of inter- and transdiscipli-
narity as a necessity for tackling the most urgent sustainable development goals.

In addition to discussing issues related to building understanding and stabiliz-
ing partnerships, the actual substantive work in engaged learning initiatives is “in-
tensive and time-consuming”, while the immediate “benefits for staff are less clear” 
(Anderson 2022, 28). After all, the investment of time and perseverance does not 
necessarily pay off for those seeking a long-term career in higher education institu-
tions. Some even argue that excellent research is the only way to gain a reputation 
in today’s academic system and ultimately to advance one’s career as a university 
teacher (Schneidewind 2016, 14). As a result, even such pioneers who can overcome 
the first hurdles and are highly engaged in building partnerships, as well as imple-
menting initiatives with content, risk missing promotion opportunities due to a 
delay or lack of presentable outputs which can be turned into publications or grant 
applications. The loss of even one committed individual often means setbacks or 
even termination of the initiatives, since their fundamental “[l]ongterm, healthy, 
sustained partnerships are grounded in personal relationships” (Worrall 2007, 5).

Implementing initiatives at appropriate interfaces between higher education 
institutions and external partners, as well as ensuring their sustainability, are the 
two biggest challenges for the realization of the engaged learning agenda and of-
ten are not possible without additional external funding (Anderson 2022).

Current forms of implementation in higher education

So far, the term engaged learning has not been theoretically developed or used in a 
distinctive way in daily speech, across various languages and professional action. 
In order to function as an umbrella term, it has many overlaps with other concepts 
such as service learning, science shops, community engagement, outreach, inter-
national cooperation and development, third mission, and many more. Because 
of this, it is not yet possible to make a global statement about the state of imple-
mentation in higher education. Here, basic and applied research in international 
alliances is needed to close the gap and to establish a common understanding of 
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the term or a systematization according to certain characteristics. For the inter-
disciplinary communities of science and higher education research in particular, 
it will, indeed, be intriguing as the lofty idea of engaged learning begins to be a 
matter of concern (Latour 2004) or fact, as it is implemented; a place where good 
intentions are put into action.

The current state of research on the implementation of engaged learning in 
higher education is based on general observational findings and experience-based 
perceptions on the one hand, and on regionally and culturally limited findings on 
the other. Purposeful movements towards greater social responsibility in univer-
sities can be observed around the world. Initiators can be the universities them-
selves, as well as reforms initiated by educational policy, and municipal and region-
al communities, together with alliances of committed individuals. Since engaged 
learning emerged from service learning, which originated in the United States, the 
dissemination of engaged learning formats has progressed furthest there, while in 
the Asian region, China and India are identified as drivers of this development (Ma 
2018). Science shops that offer independent, participatory research in response 
to the challenges of surrounding communities open up spaces for accompanying 
engaged learning. They originated in the Netherlands and have spread from there 
since the 1970s through global networks such as LivingKnowledge.

The fact that the conceptual understanding of engaged learning varies greatly 
depending on cultural, political, economic, and social contexts up to local levels of 
analysis and even in increasingly harmonized higher education spaces is shown 
by the reports of the European ERASMUS+ funded project Communities and Stu-
dents Together (CaST). The project examined 28 engaged learning initiatives in 
six European Union countries in terms of structures, processes, resources, stat-
ed aims, outputs, and benefits for participating groups as well as evaluation. It 
noted enormous variation in approaches, access to resources, and the degree of 
institutionalization. CaST partners commented: “Each [initiative] varies in struc-
ture and approach, as well as size and the availability of resources. The initiatives 
sit within a diverse range of university disciplines, and tackle an array of societal 
challenges” (Chmelka et al. 2020, 7). In addition, results showed that “[t]he degree 
of institutionalization of the programmes also varies substantially, with some 
having a more structured (and well-funded) approach from a higher, university 
level while other initiatives are working predominantly at an individual level with 
little to no funding from the university or elsewhere” (Chmelka et al. 2020, 7).

What all engaged learning initiatives have in common, despite their differenc-
es, is that they seek to connect the education of students in terms of both profes-
sionally relevant skills and social maturity with current real-world challenges by 
evoking encounters between local actors from which collaboration and exchange 
should emerge. To achieve this, all of them initiate transition zones between orga-
nizations, institutions, and systems to function as spaces of shared understand-
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ing and mutual trust; they serve as intermediaries of relevant information and fa-
cilitate joint projects in which participants can both contribute their specific skills 
and learn from each other (Penfold and Goodman 2011; Urias et al. 2020). Since 
engaged learning always goes hand in hand with scientific problematization of 
social conditions, the transformation of these conditions or their causes is always 
a declared goal of all initiatives – be it the expansion of ecotourism in eastern Sri 
Lanka, the provision of tutoring services for pupils in the coronavirus pandem-
ic, or the critical examination of infrastructure projects in inner cities. For this 
reason, any attempt at implementation always means the involvement of higher 
education institutions in sociopolitical controversies, the settlement of which is 
accompanied by the establishment of interpretive sovereignty or majorities in de-
cision-making situations, taking opposition into account.
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Entrepreneurship Education
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Definition

The term entrepreneur originates in the 13th century to describe traders who want-
ed to make arbitrage profits at their own risk. It is derived from the French verb 
entreprendre and means “to undertake something” or “to do something” (Hekman 
2005). For many centuries the concept of the entrepreneur has been interpreted 
differently, but in a narrow economic perspective (Mittelstädt and Wiepcke 2013, 
87). As a representative of classical economic theory, Jan Baptiste Say (1803) placed 
the function of coordinating resources at the center of entrepreneurial activity. 
Knight (2014), as a neoclassicist, described the entrepreneur as a taker of unavoid-
able risk. Schumpeter (1934), as a representative of the modernist phase, sees the 
entrepreneur as a catalyst, an innovator. In economics, theorizing is important, 
but it was Sarasvathy, a cognitive scientist who devised a transdisciplinary ap-
proach. Sarasvathy sought a deeper understanding of real-life entrepreneurship 
and engaged practitioners. Her approach emphasizes the application of entre-
preneurial thinking and action and understands it as a set of principles, deci-
sion-making logic, and techniques that anyone can learn to a certain extent (Sar-
asvathy and Venkataraman 2011, 115). A closer scholarly examination reveals that 
entrepreneurship is understood as creating value for others, whether by founding 
an innovative organization (Gartner 1989, 51) or within an existing organization 
(Shane and Venkataraman 2000). 

Entrepreneurship education, i.e. the promotion of entrepreneurial thinking 
and action, is defined very differently. A narrow definition refers to encouraging 
students to become self-employed (becoming an entrepreneur). A broad version 
(Lackeus 2015) focuses on empowering students to be more creative, opportuni-
ty-oriented, proactive, and innovative for all walks of life (becoming entrepreneuri- 
al). The narrow version is regularly justified regarding the economic benefits of 
entrepreneurship and is therefore often controversial. From a humanistic point of 
view, such a utilitarian view is incompatible with the public education mandate. The 
broad version is compatible with it, but an overextension of entrepreneurship as a 
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soft skill bears the danger of arbitrariness of entrepreneurial education and leads 
to demarcation problems. Is all learning by doing entrepreneurial education? And 
are problem-based and project-oriented learning – which recur in learning by do-
ing – entrepreneurial education, too? A minimum delimitation can be seen in the 
recourse to subject-specific definitions of entrepreneurship as “learning by creating 
value for others” (Lackeus 2015). According to the European Commission (2012, 5) 

“Entrepreneurship education” is about learners developing the skills and mindset 
to turn creative ideas into entrepreneurial action. This competence is crucial for 
all learners, supporting personal development, active citizenship, social inclusion, 
and employability. It is relevant across the lifelong learning process, in all disci-
plines of learning, and to all forms of education and training (formal, non-formal, 
and informal) that contribute to an entrepreneurial spirit or behaviour, with or 
without a commercial objective.

The European Commission’s definition emphasizes entrepreneurial education as 
the acquisition of key life skills in a broad version with an entrepreneurial core (“en-
trepreneurial action”) and is directly applied in the education system in about half 
of the EU members and associated countries. The European definition emerged 
from Anglo-Saxon approaches as they can be found in the Global Entrepreneur-
ship Monitor Consortium (Amorós et al. 2013). In Asia, especially Japan and South 
Korea, so-called Humane Entrepreneurship offers a new perspective, combining 
entrepreneurship with leadership and human resource management (Kim et al. 
2018). In Africa, e.g. Nigeria, entrepreneurship education is strongly connected to 
improving small business management as the lack of basic business knowledge is 
often the main reason for entrepreneurial failure (FATE Institute 2021).

Background 

Entrepreneurship emerges from the interaction of person and context, from the 
active pursuit of an opportunity and its success or failure. Nevertheless, what 
does it all come down to? A variety of factors can be identified that seem to have 
an inf luence, such as personality traits (achievement orientation, control beliefs, 
or willingness to take risks), experience, culture, or other demographics (age, so-
cioeconomic status, etc.). On the other hand, the pertinent question is: what can 
be inf luenced in educational institutions, and how effectively?

The theory of planned behavior (Ajzen 1991) contributes significantly to an-
swering this question. In entrepreneurship education, the theory of planned be-
havior argues that an entrepreneurial attitude (I can or will ...) is first established 
before entrepreneurial intentions (I plan ...) and entrepreneurial actions (I am 
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entrepreneurial ...) occur. The entrepreneurial attitude is formed through self-ef-
ficacy and sufficient knowledge, skills, and experience. Therefore, educational in-
stitutions’ task is to provide learning arrangements that set entrepreneurial tasks 
or challenges. Tasks stimulate emotions, situations, and activities, e.g. interac-
tion with the outside world, enduring uncertainty, teamwork, and presentations 
to others. Mastering these tasks and overcoming their inherent obstacles fosters 
entrepreneurial competencies and increases self-efficacy. Therefore, at the heart 
of effective entrepreneurial education is the promotion of self-efficacy (Bandura 
1977; Boyd and Vozikis 1994) in adolescents and young adults. Only if they believe 
they can change the world, will they try it.

The three most internationally established scales for measuring entrepreneur-
ial self-efficacy (Moberg 2014) are based on Chen et al. (1998), DeNoble et al. (1999), 
and McGee et al. (2009). They have four dimensions in common: (1) Action, e.g. the 
capability to manage time or budgets in projects; (2) Context and Outward Orien-
tation, e.g. the capacity to establish contact with others and exchange informa-
tion; (3) Creativity, e.g. the ability to think around corners; and (4) Mindset, e.g. the 
asset to deal with unexpected change. 

Effective entrepreneurship education promotes competencies in these four di-
mensions by using transdisciplinary approaches (Mittelstädt et al. 2019, 56). Par-
ticularly the entrepreneurial action and outward orientation (context) enable stu-
dents to deal with the plurality of knowledge. At the same time, entrepreneurial 
working itself contributes to the plurality of knowledge resources and enlarges  
the community of knowledge producers. Students have to actively create their 
own, individual knowledge path and educational biography (creativity), and to 
manage time and budgets (action). They interact with others (context) and have 
to deal with unexpected change (mindset). Transdisciplinary learning thereby 
fosters self-efficacy and ambiguity tolerance, wherefore transdisciplinary en- 
trepreneurship education offers a promising approach (Martínez and Muñoz 2021). 

Debate and criticism

Entrepreneurship can be criticized in many ways. Firstly, entrepreneurship in 
theory and practice has been shaped by Euro-American perspectives. These concepts 
originate in trader guilt and stem from the emergence of the bourgeoisie in cities 
like Amsterdam, London, or New York. Trader guilt – amongst others – pursued 
economic, but also political freedom and supported the creation of liberal soci- 
eties at home (Gelderblom 2010, 156). However, it was also European traders who 
facilitated the transatlantic slave trade (Williams 1990, 199). As these historical 
dimensions show, entrepreneurship education needs an ethical foundation, as 
entrepreneurs are confronted with complex moral problems (Hannafey 2003).
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Secondly, entrepreneurship involves a market- and technology-optimistic view 
and a growth paradigm that has helped entrepreneurial societies achieve great 
prosperity (Naudé 2007, 7). While entrepreneurship has optimized the use of 
scarce resources, free resources such as clean air, clean water, biodiversity, and 
a stable climate have been squandered. The relevant question is whether en- 
trepreneurship and entrepreneurship education also play a relevant part in the 
solution of these global challenges. In fact, entrepreneurship presupposes sus-
tainable thinking and acting (United Nations 2022, 44).

Thirdly, religion plays an important role in entrepreneurial behavior, too. The 
Euro-American Christian perspective misses Confucian (not competing for profit 
but for excellence) and Islamic (Shariah-compliance) aspects of entrepreneurship 
(Dodd and Gotsis 2007, 93). As a consequence, entrepreneurship education has to 
embrace diversity.

Fourthly, Euro-American entrepreneurship created the central, socially shared 
stereotype of entrepreneurs being mostly male heroes who manage to build up a com-
pany based on innate character traits, alone and against all odds (see Ogbor 2000, 
607). This stereotype is just not suitable for entrepreneurship education. It has an ex-
clusionary effect in particular on women (Leff ler 2012, 39), suppresses responsibil-
ity for one’s personal development, negates the potential of teamwork (Drnovsek et 
al. 2009, 201), and reproduces oversimplified and distorted images of entrepreneur- 
ship (Jones 2012, 252). Again, entrepreneurship has to embrace diversity.

Fifthly, entrepreneurship education focuses too much on content and not 
enough on how to teach it (Ebbers 2019, 43). How can this be changed? Current 
understandings of entrepreneurship education put the individual to be qualified 
primarily in the center (subject orientation) and focus on the acquisition of com-
petencies with the emphasis on (1) the core of entrepreneurial action, (2) enabling 
the individual to cope with future challenges concerning expected careers, and (3) 
entrepreneurial action in society to initiate social change (see Halbfas and Liszt-
Rohlf 2019, 17–18).

As not all university teachers are optimistic about the introduction of en- 
trepreneurship education, it is argued that entrepreneurship education is primar-
ily about economic interests and not about goals of personal maturity and emanci-
pation (Eichhorn and Erlacher 2022, 101). 

Regarding the motivation of entrepreneurs, it is necessary to consider that 
not only financial rewards or purely economic interests are a main driver of en-
trepreneurship (Shepherd and Patzelt 2018). Passion, a strong inclination toward 
an entrepreneurial activity in order to gain self-determination, contributes, and 
the goal of preserving natural and communal environments, generating economic 
and non-economic gains for disadvantaged others, or strong beliefs in values are 
also relevant. People with health-related limitations or who are underprivileged 
often freely choose entrepreneurial careers (Pagán 2009, 219). Ebbers (2019, 209) 
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states that educational institutions are more likely to open up to entrepreneur-
ship education if they include the holistic approach of different motivators. So-
cial entrepreneurship education, or sustainable entrepreneurship education, in-
creasingly finds its way into academic teaching. In addition to enabling students 
to think and act entrepreneurially, it also focuses on the assumption of social or 
ecological responsibility. Entrepreneurship can address the sustainability chal-
lenge (Villar and Miralles 2019, 104) and social issues (Austin et al. 2006, 6). In turn, 
social or sustainable entrepreneurship education encompasses all educational 
measures that address, for example, social, cultural, or environmental problems 
based on innovative problem-solving processes, and focuses on developing the 
learners’ competencies. The development of competencies is not limited to en- 
trepreneurial thinking and action but also to the ability to solve social, cultural, 
and environmental problems, among others.

In addition to professional competence (basic entrepreneurial knowledge) and 
methodological competence, humanistic competence (curiosity, creativity, criti-
cal thinking, value-based motivation), and social competence (social sensitivity, 
empathy, ability to act in solidarity or with environmental awareness) come to the 
fore (see Wiepcke 2019).

According to Schwarz (2014, 230), design competence is considered central in 
social entrepreneurship education, which aims to actively shape society and par-
ticipate in the development processes of civil society. Creating ideas with future 
potential is also oriented toward sustainable business. Since design competence 
is also central to other educational approaches such as Education for Sustainable 
Development (Strachan 2018), Service Learning (Delano-Oriaran et al. 2015) or 
Transformative Learning (Ramsgaard 2018, 8), Social as well as Sustainable En-
trepreneurship Education can be inter- and transdisciplinarily linked together 
with other subject areas. Thus, complex problems of other subjects such as geog-
raphy, biology, or politics can be experienced under social, environmental, and 
entrepreneurial aspects, and students with different disciplinary backgrounds 
can jointly develop solutions.

Current forms of implementation in higher education

While the concepts and models of entrepreneurship and entrepreneurship educa-
tion are rather Western oriented, the implementation occurs globally. As universi-
ties are considered to be a key institution for opportunity-oriented entrepreneur- 
ship, they are urged to provide all students with facilities that promote these com-
petencies. 

University activities can be divided into three categories: Learning about, for, 
and through entrepreneurship (Hannon 2005, 105); Learning about entrepreneurship 
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encompasses the content-based theoretical approach to entrepreneurship to en-
able a general understanding of the phenomenon. It focuses on object orientation 
and is currently the predominant form in higher education institutions, as it cor-
responds to traditional knowledge-based approaches. Typically, this is done with-
in existing modules like General Management or Small Business Management. 
Learning for entrepreneurship means to prepare students to consider becoming an 
entrepreneur as a career option and focuses on promoting required competencies 
(subject orientation). Entrepreneurial courses are mainly offered in extracurric-
ular schedules at universities, in seminars like Business Planning, Marketing for 
Entrepreneurs, Finance for Entrepreneurs, etc. They have a little systematic effect 
(Lackeus and Williams-Middleton 2018, 39). 

Learning through entrepreneurship as a gold standard puts the process char-
acter of entrepreneurship projects in the foreground and includes process-ori-
ented learning and simulative approaches to real entrepreneurial situations in 
teaching. Process-oriented learning creates incidents to provide feedback and 
embark on methodological teaching. In order to achieve it, universities use plu-
ral, activating, and action-oriented methods in addition to subject content – and 
thereby creatively practice one form of transdisciplinary learning. Methods such 
as entrepreneurial project work, practice firm or mini-companies, entrepreneuri- 
al case studies, business model development, design thinking, idea competitions, 
and role models are used for practice-oriented entrepreneurship education at uni-
versities (Kirchner and Loerwald 2014; Neck et al. 2014).

Due to such worldwide organizations as the United Nations (e.g. UNESCO- 
UNEVOC) and their initiatives on promoting entrepreneurship, best practices 
from the International Council for Small Business, and the Global Entrepreneur-
ship Monitor consortium are shared globally. The Global Entrepreneurship Week, 
a yearly event in over 170 countries, attempts to sensitize different stakeholders 
in society, like universities or schools, for entrepreneurship education – e.g. en-
trepreneurs come to class, and entrepreneurial challenges or pitch events are con-
ducted across different institutions. 

Entrepreneurship competencies can only be developed to a limited extent 
through individual measures. According to Ashmore (2006) and Bacigalupo et 
al. (2016), continuous entrepreneurship education achieves two goals: on the one 
hand, it supports the development of autonomy and responsibility in the process 
of implementing ideas; on the other hand, it strengthens the ability to create value 
in simple and predictable contexts to complex, constantly changing environments.

For entrepreneurship education to be sustained in higher education institutions, 
universities require a stable ecosystem (see Progression Model for Entrepreneur- 
ship Education Ecosystems in Europe; McCoshan 2010) to be anchored at three lev-
els: (1) Macro level: National or state-specific strategy for entrepreneurial education 
at universities by the Ministry of Science; (2) Meso level: University anchoring of an 
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entrepreneurship strategy, financial support, regional embedding, and local part-
nerships; (3) Micro level: Quantity (number of learners participating in entrepreneur- 
ship projects) and quality of measures.

It should not be underestimated that entrepreneurship education is still a 
young field at universities. With its application and action orientation, it has a 
highly innovative impact on academic teaching and learning. It is promising, yet 
still marginalized, as it is at odds with traditional knowledge-based and academic 
disciplinary approaches. Universities still have a long way to go in order to teach 
entrepreneurship in a way that is both effective and efficient.
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Experiment

Christina West, Bernd Böttger, and Wing Shing Tang

Definition

The (scientific) experiment (lat. expĕrīmentum “proof, trial, test” and “experience”, 
Lewis and Short 2020, 403) is a creative, useful, fundamental, systematic empir-
ical method to gain knowledge. With the Enlightenment, experiments were used 
in the classical experimental sciences of chemistry and physics (Franklin and 
Perovic 2021). Since then, they have evolved into an essential source of scientific 
knowledge in almost all disciplines. The experiment is a tool for exploring the new. 
But unlike mere observation, it involves an intended manipulation of the observed 
system. As a connecting element, it further allows integrating different research 
approaches of various disciplines into a methodological context, thus promoting 
inter- and transdisciplinary processes (West 2021). 

Steinle (1997) distinguishes hypothesis-driven or confirmatory from exploratory 
experimentation. While the former designates concrete hypotheses as true or false 
and ref lects the dominant scientific model of critical rationalism (Popper 2013), ex-
plorative experiments are more suitable for generating hypotheses in unknown con-
texts and deriving rules inductively. Their epistemological importance is often un-
derestimated, which changes with the “experimental turn” (Overdevest et al. 2010; 
West 2018) of the humanities and social sciences: experiments are now valued as a sci-
entific method even under uncertain, uncontrollable conditions, recognizing com-
plexity and conf lict between knowledge and ignorance. For art, architecture, and 
design, explorative experiments have always been fundamental. They often become 
an open-ended creative-artistic intervention, generating astonishment, amazement, 
or even snubs in society with the aim of triggering ref lections and (re)action. In the 
social sciences, psychology, and medicine, distinction is made between laboratory 
and field experiments. In quantitative studies the limited reproducibility of the less 
controllable field trials is often compensated by statistical methods. 

The thought experiment has a long tradition in philosophy and natural sciences.  
By making counterfactual assumptions that are difficult or impossible to estab-
lish in reality, researchers check whether a theory is consistent or leads to para-
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doxical situations. “Schrödinger’s cat” (Schrödinger 1935, 812, 827; Trimmer 1980, 
323–38) – hypothetically placed in a special box – would be dead and alive at the 
same time according to the laws of quantum mechanics, until the observer opens 
the box. Exploratory thought experiments can help refine or illustrate theories 
(Steinle 1997) and utopias (West 2019, 2021; West and Kück 2019). Virtual experi-
ments (Pasemann 2017, 9) in theoretical physics and mathematics often represent 
numerical computer simulations under model assumptions which could hardly be 
achieved in reality and are popular in natural and engineering sciences (Böttger 
et al. 2019), architecture, and social sciences. Explorative thought experiments are 
gaining importance in transdisciplinary contexts. Distinctions between “qualita-
tive” and “quantitative” experiments in social sciences (Kleining and Witt 2001) 
refer back to the qualitative and quantitative methods in empirical social research.

In research practice uniform categories of experimentation exist neither in 
general nor within individual disciplines. The narrative of a clearly defined pro-
cedure of experimentation has to be understood as a consequence of canonized 
reporting, which in publications and textbooks intentionally ignores the tempo-
ral and causal de facto course of the research process, obscuring the actual re-
search strategy a posteriori. In teaching, dealing with uncertain evidence and the 
problem of stabilizing experimental systems are largely avoided, for example in 
physics lessons (Ruhrig and Höttecke 2015). Rheinberger (1998, 287–88) comes to 
a similar conclusion, considering the research process as a system. He designs 
experimental cultures as an epistemology of modern experimentation, based on 
experimental systems as the smallest functional research units. The underlying 
concept of culture implies that scientific knowledge itself is not independent of 
its own history. Less planning and control, more improvisation and coincidence 
characterize everyday research.

Exploratory field experiments as well as real-world experimentations, e.g. de-
signed as interventions in urban public space, even make it possible to cross the 
boundaries of science into society in a transdisciplinary manner: not just as an 
artistic or scientific act, but as a process in which everyday and specialist knowl-
edge are negotiated on an equal footing. With “real-world experiments”, a cat-
egory of transdisciplinary field experiments has recently emerged which do not 
take place in scientific laboratories, but in and with society (Ehnert 2023; Gross 
and Hoffmann-Riem 2005; Scholl et al. 2018), where conditions can change in an 
unforeseeable way.

The orientation on uncertain knowledge is central to more recent approaches, 
including the concept of real-world experiments which can structure how we deal 
with uncertainty and ignorance. Due to its grounding in real life and open-ended 
results, the distinctions between research, teaching, learning, and (inter)action 
blur: the aim of the experiment then follows not only research logics, but also log-
ics and demands of the “real-world”. 
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The term real-world experiment is particularly used in the context of real-world 
laboratories, which, as an experimental format, have a transdisciplinary setting of 
institutional, civil society, and scientific actors and address a transdisciplinary ob-
jective jointly selected through processes of co-design of the questions, co-produc-
tion of knowledge for transformation at eye level, and co-evaluation (West and Kück 
2019). They differ from related methods of participatory action research (Chevalier 
and Buckles 2019), intervention research, or transdisciplinary cooperative research 
(case study approach, research-based learning) by their “twofold transdisciplinary 
ambition”: Firstly, the phases of conceptual development require a co-design of a 
thought experiment in a transdisciplinary team. Secondly, the implementation 
and observation of the transformative experiment itself creates application knowl-
edge in a second transdisciplinary context. Due to their orientation on uncertainty, 
transdisciplinary experiments create spaces for improvisation and ref lection, fol-
lowing a reasoning which is transversal, creating “transtopias” (West 2019, 2023).

Background

The future is glocal – global and local at the same time: Global challenges like an-
thropogenic warming, loss of biodiversity, etc. require local answers and overall 
societal future-oriented, sustainable transformation and innovation processes, 
right up to a new social contract. In this sense, the Paris Agreement on climate 
change (UNFCCC 2015) should not only function as a climate agreement, but also 
as the basis for a new, integrative, and inclusive agenda of development – the 21st 
century’s social contract. These challenges cannot be mastered only through tech-
nical–technological innovations (West 2023): In addition to changes in institution-
al, regulatory, and political structures, new inter- and transdisciplinary actor con-
stellations and transgressive processes are required, which arise from a transversal 
individual basic orientation and a transition between different forms of action and 
reality constellations, across prevailing categories and differences (West 2019).

Research and teaching play a key role in the justification of these transforma-
tion processes, as passing from the industrial to the knowledge society, the mode 
of learning, knowledge generation, and regime changes: knowledge is increasingly 
generated de-centrally, new places and actors are added, which enable production 
and recombination of different types of knowledge in new, temporary, experimen-
tal constellations and cooperation. Thus, concepts of knowledge change: in addition 
to individual, solitary recognition, social, jointly generated, inter- and transdisci-
plinary knowledge is gaining importance. Knowledge, the recognition of ignorance, 
and uncertainty become transformative energy. Individual and collective innova-
tion and transformation processes are often triggered less by cognitive knowledge 
than by life-world-motivated needs for change and reform, which can be commu-
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nicated and implemented in an exploratory, improvisational, experimental way 
(Epstein 1994, 711; WBGU 2011, 242; West 2019, 2023), whereby ref lexivity increases. 
The (future) modus operandi of knowledge societies can then be understood as con-
tinuous experimentation, in which scientifically and socially defined problems can 
hardly be separated (Välimaa and Hoffman 2008; Vilsmaier et al. 2017; West 2023).

The experimental turn in the knowledge society marks the moment when 
transdisciplinary knowledge generated through experiments becomes the guid-
ing principle for action. Hereby scientific and everyday knowledge are addressed. 
At the same time, existing knowledge, patterns and schemes of meaning, inter-
pretation and hegemonic practices, social structures and schemes of order are 
questioned, ref lecting on ways of life and seeking options for action and solutions 
to “wicked problems” (West 2018, 330). This is also ref lected in the discussion on 

“real-world experiments”. As a hybrid form of experiment, they oscillate between 
modes of “knowledge generation”, “knowledge application”, “controlled” and 

“situation-specific” boundary conditions that cannot be fully controlled (Schnei-
dewind 2014, 2). Experiments initiate a transition from explorative-improvised 
action to cognitive insights, if all participants can bear complexity and a tempo-
rary loss of control. With the experimental turn, science changes towards Mode 3, 
emphasizing the coexistence and co-development of diverse knowledge and inno-
vation modes (Carayannis et al. 2012), and opens up new perspectives, places, and 
spaces for public science. By integrating different bodies and systems of knowl-
edge, multiple transdisciplinary teaching and learning processes are released that 
generate socially robust knowledge for transformation, increase the ref lexivity of 
the actors, and change social rationalities and cultural and disciplinary practices. 
In experiments, the connection between scientific and everyday learning changes. 
The knowledge society is an experimental society.

Debate and criticism

Doubts are expressed whether future-oriented sustainable development can be 
addressed at all through transdisciplinary experiments in science, research, and 
teaching. The added value that can be generated is also controversial. Criticism 
primarily concerns (1) methodological requirements students and lecturers face, (2) 
problems of integrating transdisciplinary experiments into disciplinary teaching 
and research curricula, (3) a strong focus on the Western or European cultural and po-
litical context, and (4) the fundamental scientific self-conception on which transfor-
mative science is based.

A high degree of openness to results is inherent in transdisciplinary experi-
ments, as in a transdisciplinary environment, project or learning content and cor-
responding methods cannot be anticipated precisely and in detail. Considering 
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the lack of acceptance of transdisciplinary methods within the disciplines, miss-
ing evaluation methods and structures, transdisciplinary research and teaching 
often do not fit well into academic curricular structures. The “twofold transfor-
mation ambition”, which is directed outwards (society) and inwards (the scientific 
system), holds the risk of overstraining research activity (Jaeger-Erben et al. 2018, 
117). Whether curricular goals can be achieved at all becomes a problem when aca-
demic qualification is envisaged within transdisciplinary projects.

Criticism arises about the cultural context: Developed in the Western hemi-
sphere, transdisciplinary research and experimentation have only recently been 
applied to other regions. Even if in line with the objective of transdisciplinarity, 
problems have been encountered in application. Sim et al. (2019) focus on guanxi 
(relationships) in the local context of China – pointing to the importance of state 
adjudication in knowledge production. In the Western context, “relationship” has 
been discussed as “complicity” (Ziemer 2016) in experimental space appropriation 
processes. Schmidt and Neuburger (2017) allude to the importance of North–South 
imbalances in power relations in the application of transdisciplinary research and 
thus to processes in and through which space is appropriated, constituted, and 
manifested (West 2019).

Regarding space, most applications have dealt with macro-physical phenome-
na like earthquakes, climate change, and sustainable land-use management. Sel-
dom has research focused on phenomena such as development in a city, neighbor-
hood, or community (Schmidt and Neuburger 2017; Sim et al. 2019). Thus, the time 
is ripe to initiate research on understanding the mutual interaction of processes 
as real-world experiments in a city like Hong Kong. Transdisciplinary transfor-
mative formats are often claimed to have a normative character resulting from 
the specification of social goals, which blurs the scientific view. Grunwald (2018, 
114) argues it is sufficient to explicit one’s own normativity in the scientific dis-
course. In contrast, West (2019, 2023) sees sustainability as itself founded in the 
transdisciplinary experimental format and thus not as a normative goal.

Current forms of implementation in higher education

While the didactic implementation of disciplinary experiments usually follows 
rules and forms of the respective disciplines, individual attempts at standardization 
can be seen for transdisciplinary experiments. But efforts towards canonization 
are still absent. In transdisciplinary experiments, the paradigm of the knowledge 
society (Castelfranchi 2007; Välimaa and Hoffman 2008) moves towards a Mode 3 
science (Carayannis et al. 2012) through collaborative learning, working, designing, 
and experimenting. The relation between teachers and students changes, since the 
participants alternately find themselves in the situation of the respective other.
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Transdisciplinary experiments oscillate between two work modes (Figures 1 
and 2), which results in different didactic challenges. In the mode of integration 
(Figure 1), questions from different contexts are linked with one experiment, so 
that both disciplinary and transdisciplinary methods are further developed. In 
the mode of addition (Figure 2), different experimental elements, techniques, 
interventions, methods, and formats are used in a common thematic context. 
Thus, the integration mode is more research-oriented, while the addition mode 
is rather a tool. In practice, both modes are often intertwined or combined in 
varying degrees. The transdisciplinary experiment can be divided into two ex-
perimental phases. Firstly, the ref lection and development of the scientific and 
everyday context of the experiment can be described as an exploratory thought 
experiment. Secondly, its implementation and the observation of its effects in so-
ciety constitute a real-world experiment. The mode of both experimental phases 
is transdisciplinary, on different levels, which is why all persons involved must 
be open-minded and engage with the unforeseeable on both levels. This “twofold 
transdisciplinarity ambition” challenges or overstresses teachers and learners, but 
also activates unexploited learning potentials. 

Possible forms of didactic transdisciplinary experiments can be illustrat-
ed by three formats: (1) Knowledge to go (West 2018) is an experimental teaching 
and research format in which transdisciplinary work is conveyed. The conception 
phase in the seminar room becomes an explorative thought experiment. The sci-
entific and social conditions, basic hypotheses, and implications of possible in-
terventions are developed in different context levels in the mode of integration 
(Figure 1) together with transdisciplinary partners. With the real-world experi-
ment, the hypotheses are checked and the results from the various thematic and 
spatial context levels are brought together and discussed publicly with experts 
and transdisciplinary audiences. Learning and teaching are understood as active, 
self-controlled, situational, communicative, improvisational processes – a new 
transversal learning culture is implemented (West 2019). Similar, comparable 
concepts of using real-world experiments as a transdisciplinary teaching format 
have recently been developed in the field of sustainable mobility culture (Baum 
et al. 2021). (2) The UrbanUtopiaLAB|Experimenting Utopia: Past … Present … Future 
(West and Kück 2019) is an iterative multi-phase format for research and teaching 
that structures and supports comprehensive transdisciplinary transformation 
processes from utopia to policy advice. Experiments are combined in the mode 
of addition (Figure 2). Exploratory thought experiments are supported by tech-
niques such as emo-action mapping (West and Kück 2019, 268) and combined with 
real-world experiments. In this way, joint intentional utopias emerge which are 
iteratively developed and evaluated in subsequent phases of observation, analysis, 
intervention, and political participation.
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Figure 1. Mode of integration: integrative transdisciplinary experimentation

Figure 2. Mode of addition: additive transdisciplinary experimentation

Design: Christina West, based on West and Kück 2019, 272; West 2021.

(3) In Hong Kong, similar formats attempt to put sustainability as a process (West 
2019), for which cultural specificities must be recognized: Hong Kong, a British 
colony for 150 years before returning to the sovereignty of China, is still inter-
twined with modernity and nationalism, and embedded in the Chinese land 
question. This applies to the understanding of and attitude towards imagination 
and practicing sustainable development and transformative transdisciplinary 
experimentation. Utility, efficiency, and productivity have been emphasized at 
the expense of equality, equity, and environmental sustainability. Relevant for 
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sustainable development is opening up the mindset of students in a transversal, 
sustainable way. Two considerations on transdisciplinary transformative ex-
periments emerge under these conditions: The first relates to contents of urban 
sustainability. Tang (2017) coined the concept of hegemonic-cum-alienated ur-
ban redevelopment, which considers the historical colonial base of Hong Kong’s 
landed and property relations, with its processes and concretized patterns. The 
effect of redevelopment is more complex than “gentrification” – a displacement 
of the working class by the gentry (Glass 1964). Interventions in Hong Kong as a 

“real-world experiment in and through space” aim to dwell on its subtleties with 
a more accurate and inclusive elaboration. Opening up mindsets by transdisci-
plinary transformative experiments and interventions effectively and efficiently, 
field trips to different neighborhoods enable students to explore and learn in an 
experimental approach. Accordingly, they develop a critical attitude towards so-
ciety and the environment. Sustainability is an experimental process that is to be 
achieved as people live their lives. A first step is to get acquainted with the neigh-
borhood. Library research enhances their understanding of the forces producing 
the neighborhood’s historical development. This is the prerequisite for ref lecting 
on the issue of development of the city as a whole. At the end of the field trip, in a 
group discussion, students are requested to ref lect on and talk about their expe-
rience. It appears that once equipped with the briefing on the ground, they start 
to change their perception of the neighborhoods and ponder about Hong Kong ur-
ban society. All feedback is used at the university for discussing ways to improve. 
The results of this ref lection form the basis to update the experimental approach 
and organization of further experimental field trips. Discussion among students, 
teachers, instructors, etc. improved their understanding of Hong Kong’s devel-
opment.

The three discussed formats are archetypical and not limited to any regional 
context or actor constellation. Their application in practice with regional as well 
as international groups show – even if conducted under very different conditions 
and restrictions – that experiments, if they are applied in a genuine transdisci-
plinary setting, can indeed enable gaps to be bridged between disciplines and 
between different cultures and fundamental ways of thinking: By oscillating in 
different modes between thought and real experiment (Figures 1 and 2), building 
up new common epistemologies will be fostered (and even required!), and trans-
versal thinking will emerge.
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Fab Lab

Bonny Brandenburger, Gameli Adzaho, Manon Mostert - van der Sar, Maximilian Voigt, 
and Peter Troxler (authors contributed equally)

Definition

Fab labs are shared workshops, open to the public and equipped with modern as 
well as traditional tools and machines. A typical setup may consist of an electronics 
laboratory, 3D printers, laser cutters, and other computer-controlled machines, as 
well as classic hand tools and machines for wood-, textile, and metalworking – in 
line with the motto make (almost) everything. The term fab lab was coined by Neil 
Gershenfeld, meaning a “lab for fabrication or simply a fabulous laboratory” (Ger-
shenfeld 2005, 12). Fab goes back to the English fabrication, with its etymological 
origin in the Latin fabrica, which in a narrower sense denotes the workshop of an 
artist working with hard materials (Lewis and Short 2020, 414). Lab, short for “labo-
ratory”, stems from the Latin lăbor, meaning “work” but also “toil, effort, drudgery”, 
which can also be translated as “fruit of labor” (Gershenfeld 2005, 594). The core of 
its concept is to bring people from different backgrounds – design, engineering, 
architecture, urban planning, biology, crafts, software development, art, and ed-
ucation – together to create. The common mission is to develop, share, and trans-
form knowledge and to create technologies with practical relevance in everyday life. 
This turns fab labs into spaces of transdisciplinary learning and working.

On the one hand, some of these facilities present themselves as sites of decen-
tralized and distributed manufacturing or of economically oriented innovation 
(Kohtala et al. 2020). Concrete goals are often deliberately avoided. The focus is on 
providing a freely usable infrastructure. Fab labs allow individualized one-offs to 
be produced, or spare parts that are no longer available on the market (rapid man-
ufacturing). The actors in the workshops – also called makers – define themselves as 
part of a grassroots movement that empowers people to deal competently with tech-
nology and move from being passive consumers to self-confident producers (Smith 
et al. 2017). Hepp (2018) challenges this perspective and characterizes makers as a 
pioneer community that is partly created by media hype and sponsored by corpora-
tions. On the other hand, fab labs collaborate with educational institutions (includ-
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ing schools and universities) and provide (in)formal education. Such facilities posi-
tion themselves as places of learning and portray their activities as maker education. 

Background

Fab labs became known through an initiative at the Massachusetts Institute of 
Technology, where in 1998 Gershenfeld offered an experimental course entitled 

“How to Make (Almost) Anything”. The course, designed for a small group of physics 
and computing students, attracted a broad audience from all backgrounds, includ-
ing design and architecture. It was the starting point for numerous other activities, 
including the foundation of the first fab labs as part of an outreach program (Ger-
shenfeld 2005, 12). Similar developments preceded this (Kohtala et al. 2020; Sipos 
and Franzl 2020; Smith 2014); some of them followed the popular concept from the 
US. Today, fab labs exist in many large cities around the world (Smith et al. 2017).

Maker education refers to an experience-based and hands-on approach to learn-
ing that engages participants in subjects and learning activities at the intersection 
of computer science, design, art, and engineering, among others (see Branden-
burger and Vladova 2020). Mastering subjects in science, technology, engineering, 
arts, and mathematics (STEAM education) is supposed to prepare students for the 
challenges of a highly technological and digital society: This is where maker ed-
ucation comes in. It benefits from easy access to digital fabrication and shared 
software, hardware, and designs, which is seen as democratizing the access to 
technology and understanding technology. More important than democratizing 
access, however, are the opportunities maker education creates to empower stu-
dents and raise consciousness (Blikstein 2013; Halverson and Sheridan 2014).

Fab labs hold a versatile educational potential that has been discussed in var-
ious academic studies within and outside the higher education sector (Mostert 

- van der Sar et al. 2013; Troxler et al. 2014; Rosenbaum and Hartmann 2020). Thus, 
fab labs can be seen as a key innovation for the tertiary education sector. Due to 
their open, project-based, and cooperative learning character, fab labs bridge 
higher education, industry, and society (Pernía-Espinoza et al. 2017). They enable 
a technology-based environment for knowledge transfer between and beyond aca- 
demic disciplinary boundaries. This is precisely why they are an ideal opportunity 
for implementing transdisciplinary learning.

In the higher education context, learning in fab labs has been shown to have 
a positive impact on team communication, self-efficacy, individual understand-
ing of learning, and overall student outcomes (Andrews and Roberts 2017; Hilton 
et al. 2018; Tomko et al. 2018). Moreover, studies show that such open learning 
spaces foster so-called 21st century skills (skills, abilities, and learning dispositions 
that have been identified as being required for success in 21st century society and 
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workplaces), including critical thinking and problem-solving skills (Rayna and 
Striukova 2021). Next to teaching specialized knowledge, it is these skills that are 
increasingly of interest for new educational concepts, as they prepare students for 
the future. Overall, students are encouraged to participate and take control and 
responsibility for their own learning (Martinez and Stager 2013, 81).

Gauntlett’s description of “making as connecting” (Gauntlett 2011) offers a 
possible starting point for such transdisciplinary learning processes: connecting 
things (materials and ideas), connecting people, and “connecting with our social 
and physical environments” (Gauntlett 2011, 2). Making is a counterpoint to the 

“sit back and be told” (Gauntlett 2011, 8) culture inside and outside of school educa-
tion, it resonates with the idea of learning as a co-creation of knowledge.

For this reason, fab labs that explicitly aim at promoting participation and 
self-organization are particularly relevant for transdisciplinary learning. They 
are meeting places and communication spaces, not just providers of manufactur-
ing infrastructure. The focus is on them being open – not limited to access, but 
encompassing a multi-layered philosophy: participation in governance, in deter-
mining the institutional structure and rules, and in the development of the place 
itself. This refers to the willingness to adapt organization and infrastructure to 
the needs of the community, the network of people who feel a sense of belonging 
to each other through a shared practice and place. This includes the existence of 
formats, sets of rules, or institutional forms of participation through which com-
munity members can become active in a process of adaptation and transforma-
tion. Fab labs are not only places of learning but also places of transformation that 
afford to rethink existing structures.

Debate and criticism

Places that emphasize participation are particularly relevant for transdisciplinary 
learning. Nonetheless, such open educational practices create tensions with es-
tablished systems and approaches in higher education. Three juxtapositions show 
the inherent tensions: 

(1) Rigidity versus f luidity: Self-organization and participant agency in trans-
disciplinary fab labs go against the planned and streamlined systems of formal 
education. They have an air of anarchy and chaos, versus the rules and hierarchies 
in higher education that stif le creativity and innovation. Nagle (2021) identified 
five specific challenges academic institutions experienced when installing fab 
labs, challenges which equally hold for non-library fab labs: staffing, shifting cul-
ture, policies and procedures, and demonstrating impact. To develop a balance 
between order and chaos requires extra attention in transdisciplinary education 
(Mostert - van der Sar and Troxler 2022). 

https://www.zotero.org/google-docs/?czLFFI
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(2) Science versus arts: In a fab lab, the focus is not simply on learning to use 
tools, developing skills, and creating tangible end products. Key experiences for 
students are iteration, teamwork, accepting failure as part of learning or fail-
ure-positivity (Martin 2015), feedback-literacy, and self-efficacy, among others 
(Rosenbaum and Hartmann 2020). These elements of learning are valuable and 
also applicable beyond science and engineering disciplines (Halverson and Sher-
idan 2014; Lande and Jordan 2014). However, a lack of literature on teaching and 
learning in the arts and social sciences, let alone transdisciplinary education, 
hinders students from detecting these contexts (for an outstanding example, see 
Mizeret et al. 2022). Moreover, the way in which groups that differ – for instance, 
in age or discipline – interact, which often is a core feature in fab labs, has to be 
ref lected more strongly in transdisciplinary educational research. 

(3) Replication versus repurposing: Fab labs in educational institutions in the 
Global South enhance quality education through hands-on activities (Ben Rejeb 
and Roussel 2018) and collaborations with communities (Oladele-Emmanuel et 
al. 2018). Serving as community labs or innovation centers, they promote citizen 
science and social innovation (Schonwetter and Van Wiele 2018, 8–23) through 
research, making, and cultural activities to address local needs. While this ap-
proach is embraced in the STEM fields (Buchele and Daf la 2015), funding, infra-
structure, and human capital constraints (Herrera and Juárez 2013) are raised as 
key challenges to implement maker education more broad adaptable, solutions 
can be found for different contexts, as long as adequate planning and resource 
mobilization are in place.

While building a communicative, inclusive, and participatory atmosphere is a 
challenge in general, it is even more so when inclusion needs to address colonial 
and indigenous cultures and thought systems. Valuable experiences include the 
fab lab in Wellington, New Zealand  (Neale and Hobern 2017) and the integration 
of digital technology and indigenous culture in Peru (Gonzales Arnao 2016).

Current forms of implementation in higher education

To facilitate transdisciplinary learning in a fab lab, four international principles 
have been found useful in practice (Troxler and Mostert - van der Sar 2019a). 

1. The project 1:1 is for peer instruction (Mazur 1997). Teachers are trained at the 
lab to actively encourage peer learning by redirecting questions to the group 
instead of immediately answering themselves. Thus, they can activate the col-
lective knowledge and capacity of the group. This ties in with the idea of the 
zone of proximal development (Vygotsky 1978, 84–91), where students achieve 
a level of potential development through problem-solving under the guidance 

https://www.zotero.org/google-docs/?VO0l2l
https://www.zotero.org/google-docs/?VO0l2l
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of more experienced peers. Even when an answer is not readily available in the 
group, it is part of peer instruction to develop a solution collectively.

2. The initiative 20-60-20 focuses on how people split time between different 
learning activities – 20  percent for instruction or lecturing, 60  percent for 
making and experimenting, and 20 percent for ref lection with peers. Again, 
teachers are trained at the lab to design their lessons according to this prin-
ciple, as they notoriously tend to stretch lecturing to the detriment of the ex-
perimenting, where peer instruction can take place (Troxler and Mostert - van 
der Sar 2019b). Ref lection makes room for productive failure (Kapur 2008; 
Persaud et al. 2022).

3. The idea of 3i is to foster imitation, iteration, and improvisation (El-Zanfaly 
2015), a three-step approach to appropriate technology. Imitation is the basis 
for learning a particular technology. In iteration, students add changes and 
modifications, and in improvisation they use the technology for their own ends.

4. The project 4 all is for lessons at the lab that are open to peripheral participa-
tion (Lave and Wenger 2003), i.e. not exclusively to students attending class. 
Combined with the principle of peer instruction, it can create powerful mo-
ments of transdisciplinary learning.

Fab labs have found diverse forms of implementation internationally, as the follow-
ing examples show. Vigyan Ashram, established in 1983, is a center for ancient Indi-
an philosophy in Pabal, India, engaging rural youth in learning rural technologies 
and entrepreneurship. Since 2002, Vigyan Ashram has been home to a fab lab – the 
first outside MIT – used by rural youth, often school dropouts. The school awards a 
diploma in basic rural technology. The pedagogy involves students in “Socially use-
ful productive work” of various domains, focusing on agriculture and fabrication. 
They also offer services to the community in areas such as biogas, solar energy, food 
processing, and machine repair. These efforts have transformed the village of Pabal 
into a hub of innovation, creating opportunities for rural youth to learn and become 
self-sufficient. The center helps young entrepreneurs start their enterprises, and 
disseminate technology among rural communities (Kulkarni 2016).

Fab Lab Wgtn is located at a design school in Wellington, New Zealand. It 
works from a perspective of inclusiveness and of integrating indigenous perspec-
tives into the ecosystem. To do so, Fab Lab Wgtn developed a code of conduct that 
begins with a whakatauki, a proverb written in both te Reo Maori, the first lan-
guage spoken in Aotearoa New Zealand, and English. The whakatuki represents 
the lab’s ethos: “He waka eke noa – We are all in this together.” It is followed by a 
statement about honoring indigenous perspectives and acknowledging that di-
verse approaches enrich the culture of the lab. Innovation begins with inclusion, 
which leads to the explanation about what is not considered discrimination, such 
as reasonable communication of boundaries. The code also lists characteristics 
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outside the dominant paradigm, usually subject to discrimination – e.g. ethnicity, 
age, gender, but also profession and technical ability – which are protected within 
the Fab Lab Wgtn ecosystem (Neale and Hobern 2017).

Learning by doing at Ashesi University (Ghana): The Introduction to Engineer-
ing course at Ashesi University (Beem 2021) teaches students about engineering 
through a transdisciplinary approach that includes lectures, lab sessions, and 
real-world projects. The course focuses on technology mastery, critical thinking, 
problem-solving, leadership, and collaboration. The curriculum is project-based, 
promoting hands-on learning, and students experience the full product develop-
ment cycle. Teaching methods include in-person and online lectures, guest pre-
sentations, and lab sessions. The course is three credits and evaluates students 
through class participation, quizzes, and a final project. Beyond the course, stu-
dents can engage with the community through extracurricular activities and 
projects led by the Design Lab (Ambole 2020) and projects such as Agbogbloshie 
Makerspace Platform (Potter et al. 2019).

In conclusion, fab labs can be seen as a seminal step for learning communities 
where students, teachers, staff, and experts work together in co-creation, add-
ing value for all parties involved within the ecosystem. Technology is used in all 
areas of life and decisively shapes social development. Fab labs offer a promising 
hub by linking technology, formal education, and civic and entrepreneurial en-
gagement. At the same time, computer science and engineering components find 
their way into other subject areas through a technology-oriented learning envi-
ronment. They allow for cooperative and contemporary learning in an applied and 
real-world environment characterized by a high degree of exchange, participation, 
and openness. Institutional and disciplinary boundaries give way to pluralistic 
project work oriented towards issues affecting society as a whole. 
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Feedback Literacy

Jennifer Schluer, Olivia Rütti-Joy, and Valentin Unger

Definition

Feedback constitutes an integral part of teaching and is essential for ensuring stu-
dent achievement (Wisniewski et al. 2020, 13). A key component of contemporary 
educational feedback is feedback literacy. It has become particularly prominent in 
instructional feedback research since Carless and Boud’s (2018) seminal paper and 
is increasingly recognized for its significance to transdisciplinary research and 
practice. Indeed, as a specific form of cooperation between heterogeneous social 
agents of different hierarchical levels, feedback literacy is crucial to disestablish 
the reproduction of hegemonic power structures, systems of oppression, misun-
derstandings, and dysfunctions in educational contexts. Successful feedback prac-
tices rely on transdisciplinary approaches and practices to collaboratively construct 
knowledge amongst a plurality of knowledge resources and participants.

A variety of definitions of feedback literacy exist across the disciplines (Niemi-
nen et al. 2022, 99–104). To define and understand feedback literacy amidst this 
diversity, understanding the etymology of its semantic constituents can be help-
ful: (1) feedback and (2) literacy.

1. Feedback was originally an open compound noun, consisting of two separate 
components (Merriam Webster 2023). Feed traces back to Old English fedan 
(“to nourish, give food to, sustain, foster”), which roots in the Proto-Germanic 
fodjan (“to feed”). Back originates from Old English bæc (“backwards, behind, 
aback”, Harper n.d.a). As a closed compound, feedback first appeared in the 
field of cybernetics, systems theory, and the regulation of machines, organ-
isms, and organizations (Boud and Molloy 2013, 700–701). It was later appro-
priated into the educational realm and defined from behaviorist, cognitivist, 
and socio-constructivist perspectives. The conceptualization of feedback thus 
shifted from manipulating learners’ stimulus-response associations (behav-
iorist, Boud and Molloy 2013, 700) to (unidirectional) information delivery 
from a more knowledgeable person (cognitivist, Lipnevich and Panadero 2021, 
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2) to multidirectional, iterative processes of mutual responsibility-sharing and 
collaborative negotiation of meaning (socio-constructivist, Carless 2022, 145).

2. Literacy comes from literate, with roots in the Latin expression litteratus (“ed-
ucated, learned, who knows the letters”), a derivative of littera/litera (Latin for 
“alphabetic letter”, Harper, n.d.b). Commonly defined as “the ability to read 
and write” (OECD 2000), the meaning of literacy has proliferated starkly in re-
sponse to the growing diversity of communication modes (The New London 
Group 1996, 60–61). With the emergence of “new” literacy practices, the orig-
inal “literacy” concept broadened from a singular skill to multiple literacies 
and an understanding of “literacy” as complex, dynamic, dialogic, and situat-
ed practices that are relevant to succeed in society (e.g. Freire 1985, 17). 

Background 

Feedback literacy was derived from the constructs assessment literacy (Stiggins 
1991, 535) and academic literacies (skills required by students when transitioning 
into higher education, Lea and Street 1998). When Sutton (2012, 31–33) deduced 
feedback literacy from academic literacies, he emphasized the learners’ role and 
responsibilities. Conversely, assessment literacy originally referred to the knowl-
edge and skills assessors need for performing assessment-related actions (Stig-
gins 1991, 535). The concept was later expanded to include student assessment literacy 
(Carless et al. 2011) because successful assessment processes and interactions rely 
equally on the assessor and the assessee.

Analogously, the feedback receiver and provider are mutually responsible for 
successful feedback practices (Carless 2022, 149). As a transdisciplinary construct, 
feedback literacy is relevant across subjects and disciplines and thus a prerequi-
site for all feedback participants involved. This sharing of responsibilities is re-
f lected in a recent subdivision of feedback literacy into two dimensions: student 
feedback literacy and teacher feedback literacy. Student feedback literacy refers to the 
knowledge, dispositions (attitudes and willingness), and capacities learners re-
quire to seek, understand, and utilize feedback as well as their ability to manage 
affect (Carless and Boud 2018, 1316–17). This dimension thus emphasizes learners’ 
active role instead of reducing them to mere recipients of feedback information 
(Carless 2022, 145; Winstone and Carless 2020, 13). The second dimension – teach-
er feedback literacy – includes teachers’ ability to design learning environments 
that are conducive to students’ feedback literacy and the development of their 
self-regulation skills, to enable effective and multidirectional feedback dialogues 
as well as successful feedback use by all participants (Boud and Dawson 2023, 158). 

Newer conceptualizations of teacher and student feedback literacy refuse 
to make a clear-cut distinction between the two, and instead capture both con-
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structs in the plural term feedback literacies (Tai et al. 2023, 203). This approach 
is rooted in the belief that teaching and learning are inseparably intertwined. 
Moreover, it highlights the multiplicity and heterogeneity of contextually shaped 
feedback practices (Gravett 2022, 266). This reconceptualization also facilitates a 
paradigm shift towards empowering all feedback agents to negotiate and ques-
tion hegemonic structures (Tai et al. 2023, 203). With this shift cascading into 
practice, intertwined teacher–student feedback literacies manifest themselves in the  
 “ongoing process of attending, attuning, reading and ... working to modify the 
conditions which surround feedback” (Tai et al. 2023, 210). Developing and main-
taining such literacies requires an openness to the entanglements of the condi-
tions and practices of feedback, as well as a purposeful use across all feedback and 
learning opportunities, contexts, and disciplines (Chong 2022, 6–7). In line with 
the underlying principles of transdisciplinarity, a pluralistic perspective on feed-
back literacy emphasizes responsibility-sharing between all agents in the feed-
back process and considers the particularities of various disciplines, tasks, and 
technologies, as well as their impact on the situated and co-constructed feedback 
processes (Chong 2021, 96; 2022, 3–4).

Debate and criticism

Feedback is a contested, contextualized, and complex practice (Sutton 2012, 31) 
that has been researched largely separately across the disciplines (Lipnevich and 
Panadero 2021, 2). While feedback thrives from multidisciplinary inf luences and 
is transdisciplinary at its core, its inconsistent conceptualizations result in vivid 
discussions. One of these debates revolves around the definition of feedback itself 
and affects the definition of feedback literacy. For example, it is discussed whether  
one can speak of feedback if it is not acted upon by the recipient or whether it is 
then “information” only (Boud and Molloy 2013, 701). To emphasize subsequent 
action, the term “feedforward” was suggested to foreground the transformation 
of information into action (Reimann et al. 2019, 1279–80). Similarly, feedback 
has also been defined as an assembly of discursive practices that both ref lect and 
construct reality (Nieminen et al. 2022, 102–4). Other authors, in turn, fear that 
by focusing (too much) on the subsequent actions, the content of the information 
would lose its power (Panadero and Lipnevich 2022, 5).

Another field of tension resides in the precise definition of feedback literacy. 
Three strands dominate this conversation (Nieminen and Carless 2022, 8). The 
first considers feedback literacy as an internal psychological construct and trainable 
skill that remains consistent across contexts and aims to fabricate feedback-lit-
erate and psychologically capable students (skills and capabilities). The second 
strand conceptualizes feedback as a process that involves an acculturation of stu-
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dents and teachers to national feedback and academic cultures – cultures that are 
deeply embedded in the disciplines, institutional structures, and power relations. 
Therein, feedback literacy is an inconsistent construct that is continually redevel-
oped and reenacted across contexts and disciplines (socialization) and needs to be 
approached from a transdisciplinary perspective. The third strand considers feed-
back literacy as socially constructed through power and discourse, thus moving beyond 
an understanding of feedback literacy as an inherent trait of individuals. Instead, 
it is inherent to communities and their interactions where feedback-literate par-
ticipants are critical and political agents who construct and (re)negotiate meaning 
in feedback processes to change their contexts (Nieminen et al. 2022, 103).

As the abundance of available definitions is rooted in incongruent ideas of 
learning, scientific inquiry, and feedback, it is not yet clear whether the various ap-
proaches can (or should) be reconciled into one overarching definition of feedback 
literacy (Nieminen et al. 2022, 13–14). On the one hand, this variety, the lack of nu-
anced conceptualizations, and an inconsistent use of terminology have inhibited 
clearer insights into the pedagogical designs that restrict or foster learners’ agency 
in the feedback process (Nieminen et al. 2022, 103). On the other hand, as “contexts 
[enable] and constrain the ways in which individuals can act” (Tai et al. 2023, 203), a 
reductionist approach is not conducive. Instead, it is necessary to understand feed-
back practices and processes in a broader social and relational context, i.e. within 
a particular ecosystem of teaching and learning (Nieminen et al. 2022, 99). Recent 
conceptualizations highlight the “complex, nuanced, dynamic and situated set of 
feedback literacies, that are entangled by social, epistemological, material-discur-
sive, spatial and temporal factors” (Gravett 2022, 270). Learners’ (and teachers’) 
agency is therein seen as mediated by the interplay of all these factors as well as 
individual variables (Chong 2021, 96; Gravett 2022, 270–71; Tai et al. 2023, 202). The 
latter include power, trust, relationships, and emotions. For instance, students are 
more likely to act on feedback when power is evenly distributed between teachers 
and students (Dann 2019, 362–63) and when feedback takes place in honest conver-
sations. Overcoming hierarchical barriers and promoting responsibility-sharing 
as well as inclusive, transdisciplinary teaching and learning requires a changed 
understanding of teachers’ role from information-providing authorities to learn-
ing facilitators. Abandoning the separation of teacher and student feedback liter-
acy could contribute to such a change, as a separate treatment builds on prede-
termined roles of individuals and fails to consider material, discursive, or social 
dimensions (Tai et al. 2023, 202). The concept of student–teacher feedback literacies 
therefore needs to reach beyond a binary understanding. 

While feedback as a discursive process has become prominent in instructional 
feedback research, it remains a fragile idea in need of more nuance and stronger 
embedding in transdisciplinary contexts. Indeed, there is hardly any transdisci-
plinary research on feedback literacy, its development, and its effect on transdis-
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ciplinary teaching and learning. Investigating the boundaries between feedback 
literacy and related concepts (e.g. assessment literacy or digital literacy) as well as 
embracing a multimodal, transdisciplinary, and critical-transformative approach 
could promote a more accurate and future-oriented understanding. We thus en-
courage transdisciplinary research to pursue the development of a multidirection-
al and multifaceted conceptualization of feedback literacy within the sociopolitical 
contexts of education (Nieminen and Carless 2022, 13–15). As this form of litera-
cy actively transgresses boundaries, it may establish a space of transdisciplinary 
participation and collaboration beyond fixed roles and contexts, thereby contribut- 
ing to the disestablishment of hegemonic power structures within and across 
disciplines, while recognizing and inviting diversity and a plurality of knowledge 
sources (Tai et al. 2023, 204). Accordingly, future efforts in research and practice 
related to feedback need to move away from compartmentalized approaches to un-
derstanding feedback literacy within singular (disciplinary) contexts only.

Current forms of implementation in higher education

Feedback literacy is of vital importance to any discipline and is as such a highly 
contextualized and situated practice. Since conceptualizations are still in their 
infancy (Chong 2021, 94), pedagogical recommendations for effective feedback 
designs and institutional implementations are rare (Winstone and Carless 2020), 
especially regarding digital feedback (Schluer 2022) and transdisciplinary work. 
The following review establishes an overview of current research and practice in 
different contexts to derive tentative advice for the development and enactment 
of feedback literacy for transdisciplinary purposes.

Feedback literacy is increasingly recognized for its transformative power to 
improve student learning and to foster learners’ self-regulation skills (Panadero 
and Lipnevich 2022, 14). Indeed, a perusal of recent publications in a leading jour-
nal in the field (Assessment & Evaluation in Higher Education) shows that feedback 
literacy is of interest to researchers and practitioners from a wide range of geo-
graphical contexts, including Europe (e.g. Rovagnati et al. 2022), Australia (Boud 
and Dawson 2023), Asia (Hsieh and Hill 2022), and the Middle East (Mohammed 
and Alharbi 2022). Furthermore, studies by multinational teams are increasing, 
resulting in a growing number of coauthored publications, e.g. from China and 
the USA (Dong et al. 2023), or Singapore, Australia, and the UK (Hoo et al. 2022). 
Overall, most published research comes from the UK, the USA, Australia, and 
Asia, but less so from Africa (e.g. Nieminen et al. 2023, 82).

Research is still ongoing to develop sound and evidence-based theoretical 
frameworks for teacher feedback literacy (e.g. Boud and Dawson 2023), student 
feedback literacy (Hoo et al. 2022) and peer feedback literacy (Dong et al. 2023). 
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The interplay of different feedback sources is investigated, such as peer and teach-
er feedback (Hsieh and Hill 2022) or self-assessment and peer assessment in aca- 
demic writing (Cheong et al. 2023). While previous research largely focused on 
written assignments, studies on oral and multimodal tasks are becoming more 
prevalent, especially in digital settings (Day et al. 2022). In their linguistic analy-
sis of publications from 2009 to 2019, Winstone, Boud, Dawson, and Heron (2022, 
224) observed “a decrease in the use of ‘written’, ‘teacher’ and ‘detailed’ as nouns 
modifying the term feedback, and an increase in the use of ‘peer’, ‘verbal’ and 
‘video’”. This illustrates a shift from teacher to learner orientation and points to a 
greater relevance of technology-enhanced feedback dialogues across disciplines 
and contexts in response to the rapid increase of digital educational practices. 
There is thus a need for developing and investigating pedagogical designs that 
are conducive to student learning in hybrid or virtual transdisciplinary spaces 
(Schmidberger et al. 2022, 76–77).

Indeed, technology-enhanced socio-material environments (collaborative 
documents, online forums, polls, etc.) could reduce power distance and enable 
equal participation (Schluer 2022, 92–110, 156–63; Tai et al. 2023, 204–207). How-
ever, feedback as a process of shared responsibilities has not fully translated into 
higher education curricula, partly due to students’ and educators’ persisting ex-
pectations of hegemonic power relations (Winstone et al. 2021, 129). For exam-
ple, Winstone’s (2022, 1107) analysis of policy and strategy documents from 134 
universities in the United Kingdom showed that most feedback practices center 
on transmitting feedback information to passive student recipients instead of 
promoting constructive, learner-focused feedback conversations. Similarly, the 
analysis of National Qualifications Frameworks from Asia, Africa, Europe, Latin 
America, North America, and Oceania revealed a strong focus on judgment-mak-
ing as a graduate outcome, whereas other dimensions of feedback literacy were 
neglected (Winstone, Baloo, and Carless 2022, 62 and 74). Moreover, feedback lit-
eracy is still “widely depicted from a mono-cultural (prevalently Anglophone) per-
spective that accounts for one literacy rather than multiple literacies” (Rovagnati 
et al. 2022, 347). This calls for an acknowledgment of individual feedback literacies 
and “literacy histories” (Rovagnati 2022, 63 and 66) in intercultural and transdis-
ciplinary contexts through open and purposeful dialogues about the underlying 
principles of feedback practices and responsibilities (Rovagnati 2022, 226). 

While concrete institutional practice examples are largely absent and re-
search is still scarce, a review of the literature from different disciplinary fields 
(e.g. English language teaching and intercultural communication by Schluer and 
Liu 2023; environmental sustainability by Blythe et al. 2017; as well as Carless and 
Boud 2018) provides insight into strategies that could contribute to developing 
feedback literacy in transdisciplinary contexts. Such strategies may include: (1) 
ref lecting and inquiring about all stakeholders’ understanding of and experiences 
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with feedback literacy; (2) creating a trustful atmosphere by openly discussing atti-
tudes, concerns, and challenges regarding transdisciplinary work; (3) negotiating 
meanings and establishing a common ground (third space) to ensure team func-
tionality; (4) critically inspecting existing communicative modes, tools, and structures 
while showing openness to cultivating new interactional norms (especially in lin-
guistically and culturally heterogeneous teams); (5) appreciating and encouraging 
diverse perspectives; and (6) regularly ref lecting on feedback processes and renegotiating 
them as needed in dynamically changing transdisciplinary contexts.

Due to the highly situated and dynamic nature of feedback literacy and the 
scarcity of research and practice in relation to its implementation in transdisci-
plinary contexts, the application of the above recommendations needs to be re-
assessed continuously and collaboratively. Indeed, constructive feedback from 
colleagues in adjacent disciplines holds the potential to uncover new perspectives 
which may transcend previously rigid disciplinary frames and thinking patterns. 
While such conversations might cause initial reservations, pursuing feedback 
processes through critical social ref lection and dialogue can lead to transforma-
tive reinterpretations and broaden conceptual horizons.
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Global Citizenship Education 

Heidi Grobbauer and Mary Whalen (authors contributed equally)

Definition 

The globality of everyday life, living conditions, working environments, and eco-
nomic systems, the crises which have developed in the wake of globalization itself, 
and the resulting difficulties for individuals are presenting mounting challenges 
to education systems. International programs, such as the current Global Agenda 
2030 (United Nations 2015), highlight the importance of education and science in 
responding to global challenges and transitioning to an ecologically sustainable 
and more just world. In this context, Global Citizenship Education has become an 
internationally established field of education research and practice, most notably  
within UN General Secretary Ban Ki-Moon’s Global Education First Initiative, 
which called for the promotion of Global Citizenship Education as one of its three 
focus areas (UNESCO 2014, 11). UNESCO made Global Citizenship Education one 
of its educational priorities in 2013 (UNESCO 2014, 12), and it is an element of the 
Sustainable Development Goals, which were adopted by all United Nations mem-
ber states in 2015 (United Nations 2015).

The complexity of Global Citizenship Education, which can be described more 
as a field of research and practice than as an educational concept, cannot be cap-
tured in one all-encompassing definition. UNESCO describes Global Citizenship 
Education as a “framing paradigm which encapsulates how education can devel-
op the knowledge, skills, values and attitudes learners need for securing a world 
which is more just, peaceful, tolerant, inclusive, secure and sustainable” (2014, 9). 
Global Citizenship Education includes the term citizenship, initially a concept of 
political philosophy. The idea of citizenship can be traced back to the notions of 
state and civitas in ancient Greece and Rome (Turner 2016, 679). Aristotle points to 
people’s need to belong to a political community such as the πόλις (polis, city-state). 
Citizenship in a Greek city-state was characterized by participation in the politi-
cal community, those who were qualified as citizens constituted the ruling class, 
an early form of δημοκρατία (dēmokratía, democracy) and δῆμος (dêmos). However, 
citizenship was exclusive and determined by place of residence, descent, gender, 
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age, and socioeconomic status. The Roman concept of citizenship was initially 
similar; citizens were native free men, the legitimate sons of other native free 
men. During the expansion of the Roman Empire within Italy and Europe and 
finally into Africa and Asia, “two important innovations came about. First, the 
populations of conquered territories were given a version of Roman citizenship 
while being allowed to retain their own forms of government … Second, the ver-
sion of Roman citizenship given was of a legal rather than a political kind – civitas 
sine suf fragio or citizenship without the vote. So, the Empire allowed dual citizenship, 
though it reduced Roman citizenship to a legal status” (Bellamy 2015, 6). 

These two classic conceptions form the basis for the later development of vari-
ous forms of citizenship. Both the historical concept and newer interpretations of 
citizenship emphasize the following three dimensions. First, a legal status, which 
defines the relationship between an individual and the state. Citizenship implies 
membership in a political community (city-state, empire, or later the nation state), 
which endows a citizen with rights, but also with responsibilities. The legal status 
is, secondly, closely linked to the right to political participation. Social relation-
ships in society result, thirdly, in a feeling of belonging (Osler and Starkey 2005, 
9–16). While membership leads to the formation of a symbolic community, it also 
implies the exclusion of all those who live within the geographic boundaries of a 
national state, but have not acquired formal citizenship, and are thus barred from 
exercising certain rights (for example, the right to vote). In the context of interna-
tional migration, both the concept of citizenship and democracy, as a concept of 
political participation of the “demos”, are increasingly under pressure. 

In response to globalization, the associated transnationalization of political 
decision-making, and the challenges to citizenship and democracy in the context 
of growing international migration, various alternative concepts of global citizen-
ship have emerged (Wintersteiner et al. 2015, 16–18). The idea of global citizenship 
refers above all to belonging to a global community. In the context of this global 
community, it is also possible to discuss the rights and duties of global citizens, as 
well as opportunities for political participation.

Background

The informed analysis of global crises, and the discussion of potentials for trans-
formation, involve immense factual and ethical complexity. Fostering an under-
standing of global developments and potentials for change has thus become the 
recognized goal of educational approaches such as education for sustainable de-
velopment (UNESCO 2014), Global Education (Bourn 2021) and Global Citizenship 
Education (Wintersteiner et al. 2015). Currently, the transformative potential of 
education is emphasized in Goal 4 of the Sustainable Development Goals. Target 
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4.7 places the following obligation on all states: “By 2030, ensure that all learners 
acquire the knowledge and skills needed to promote sustainable development, in-
cluding human rights, gender equality, the promotion of a culture of peace and 
non-violence, global citizenship, and an appreciation of cultural diversity and 
culture’s contribution to sustainable development” (United Nations 2015, 21). As 
Target 4.7 shows, a transdisciplinary approach will be necessary to enable young 
people to develop the knowledge and competence (and the authors would also add 
the ethical values) needed for the socio-ecological transformation.

A global perspective in education has a long, nonlinear, record. Global Citi-
zenship Education was developed primarily in the English-speaking world in the 
context of citizenship education and development education (Tarozzi and Torres 
2016), but it also has roots in peace education (Reardon 1988) and concepts of cos-
mopolitan education (Seitz 2002). In education practice, a social-justice orienta-
tion implies a stronger emphasis on Global Citizenship Education as civic educa-
tion for a world society, a continuation of the internationally established practice 
of Global Education. Both concepts address the issues of political, economic, so-
cial, and cultural interdependency and interconnectedness, and the understand-
ing that global, national, and local well-being are strongly tied to one another, as 
well as emphasizing the necessity of addressing the historical origins of the cur-
rent world order. While Global Education employs a more holistic approach, the 
educational goals and focus areas of Global Citizenship Education are more close-
ly related to the traditional practice of civic education, with a focus on the political 
aspects of global citizenship (Böhme 2019, 165–69; Wintersteiner et al. 2015).

With the Recommendation Concerning Education for International Understanding, 
Co-operation and Peace (1974, currently under revision), UNESCO has presented an 
international milestone for the global perspective on education (UNESCO n.d.; 
Wintersteiner et al. 2015, 6). The declaration examines the connection between 
international understanding, human rights, cultural, and environmental educa-
tion, and calls for the inclusion of the global perspective at all levels of education. 
Since 2013, UNESCO has fostered Global Citizenship Education as a multifaceted 
approach, to be implemented in national education systems.

The theoretical discussion of concepts and approaches to Global Citizenship 
Education, as well as of different perspectives on programmatic goals and per-
ceptions, has intensified in recent years. This is manifested in the increased rele-
vance of Global Citizenship Education to educational systems, and the often very 
differing concepts which are shaping both theory and practice (Davies et al. 2018) 
and constitute a highly controversial field of work and research (Akkari and Maleq 
2020a; Torres and Bosio 2020). 
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Criticism and debate

Concepts of Global Citizenship Education vary mainly in three points, which are 
explained in more detail below – in particular with regard to the implications of 
the term global, the interpretation of (global) citizenship and the underlying edu-
cational philosophies. On the one hand, neoliberal or entrepreneurial approaches 
focus on the globalized economy and the need to prepare young people to par-
ticipate in global markets. This reinforces largely depoliticized interpretations of 
global citizenship (Pashby et al. 2020; Shultz 2007; Stein 2015). In contrast, other 
perspectives of Global Citizenship Education emphasize global solidarity or a vi-
sion of global social justice, accentuating the need to address global challenges 
and crises and the underlying power relations and ideologies; they address the 
potential role of education in solutions, and for making a stronger distinction be-
tween local, national, and global dimensions of global developments, while also 
being sensitive to their interconnectedness. This orientation is referred to as lib-
eral-humanist or critical Global Citizenship Education (Pashby et al. 2020; Stein 
2015). Other differentiations are seen in the comparison of a humanitarian versus 
a political approach (Dobson 2005), or a soft versus critical approach (De Oliveira 
Andreotti 2014). The differences can be summed up as a focus either on forming 
individual values and attitudes of cosmopolitan and responsible global citizens or 
on power relations and global inequalities that need to be changed so that global 
citizenship may become a tangible option (Wintersteiner et al. 2015, 11–13).

The term citizenship adds an already controversial element to the concept of 
global education. The idea of global citizenship focuses on the idea of community 
and belonging beyond the nation state, without implying a legal status or a formal 
global state. Contemporary examples of how a world society could function are 
the UN and international human rights conventions (Wintersteiner et al. 2015, 13). 
The work of philosophers like Nussbaum (1996) and Appiah (2005) has inf luenced 
the ethical foundations of the concept and linked it to the cosmopolitan tradition 
of antiquity. In the educational context, the concept of global citizenship, even if it 
is only an idea or a utopia, can open new individual frameworks for thinking and 
taking action, as well as spaces for collective discourse. 

Many research papers frame global citizenship in a narrow regional context, 
where specific focal points are elaborated, such as citizenship in multicultural so-
cieties or in conf lict or post-conf lict societies, or the connections between (global) 
citizenship and human rights or social inequalities (Akkari and Maleq 2020a; Isin 
and Nyers 2014). In societies with a high level of immigration, issues of political 
rights and political participation of migrants move to the foreground. High immi-
gration rates may awaken resentment toward migrants and refugees, and lead to 
strong manifestations of nationalism. In this case, Global Citizenship Education 
can provide an opportunity “to value multiple identities within national citizenship, 
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and move away from the view that membership of a nation-state is earned through 
cultural assimilation, rather than an acquired right” (Akkari and Maleq 2020b, 206). 

With regard to the underlying educational philosophies, the concepts of Glob-
al Citizenship Education differ according to a more instrumental understanding 
of education and competence development or a more strongly emancipatory ap-
proach. Neoliberal approaches are more prevalent in state-controlled implemen-
tation of Global Citizenship Education, such as in South Korea (Kim 2019), or in 
the programs of international organizations, such as the OECD’s Global Compe-
tence Framework (OECD 2018).

Postcolonial criticism and theory have also added an extremely important 
component to the current discourse on Global Citizenship Education. Education 
systems were essential to the enforcement of colonial regimes and colonial dom-
ination, and the construction of “white” or “Western” superiority as an effective 
means of colonial domination still inf luences contemporary thoughts and actions. 
The criticism of Global Citizenship Education mirrors this debate, especially re-
garding the referencing of traditions of cosmopolitanism in ancient Greece and 
in the writings of Immanuel Kant, which led to a Eurocentric worldview of our 
origins and the Enlightenment as a universal concept. International institutions 
such as Oxfam, UNESCO, OECD, and others have integrated these ideas into their 
conceptions of Global Citizenship Education and “now purport to apply [them] to 
‘the rest’ of the world in a universalizing fashion” (Szakács-Behling 2020, 105). 

Global Citizenship Education also operationalizes such powerful concepts 
and expressions as globalization, globality, sustainability, justice, and citizen-
ship, often without questioning its own perspective: “Whose citizenship? Whose 
global?” (Szakács-Behling 2020, 104). In conjunction with criticism from a post-
colonial perspective (Akkari and Maleq 2020a; De Oliveira Andreotti and Souza 
2011), the call for historical contextualization, as well as demands for a consequent 
decentralization or decolonization of Global Citizenship Education (Abdi 2015), 
and the consideration of historically marginalized philosophies and systems of 
thought (e.g. Ubuntu and indigenous perspectives) have become more vehement 
(Szakács-Behling 2020, 105). 

Current forms of implementation in higher education 

Global Citizenship Education is a broad pedagogical field of research and practice 
with very diverse perspectives. Accordingly, programs and strategies for imple-
menting the concept in the education system are numerous and multifaceted. The 
following examples provide insights into three key areas of higher education: UN-
ESCO initiatives, especially master’s programs to strengthen Global Citizenship 
Education, university research, and teacher training.
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UNESCO has established chairs to promote higher education for international 
understanding and global citizenship towards a culture of peace at Universidad 
de San Andrés (Argentina), the University of the Region of Joinville (Brazil), Uni-
versité du Québec en Outaouais (Canada), the University of Bologna (Italy), the 
National University Corporation Kyushu University (Japan), Universidad Veracru-
zana and the University of Guadalajara (Mexico), the University of Montenegro, 
the University of Klagenfurt (Austria), and the University of California (USA). In 
cooperation with the Government of the Republic of Korea, UNESCO has also 
founded the Asia-Pacific Centre of Education for International Understanding 
(APCEIU). These higher-level UNESCO institutions undertake research and policy 
development, capacity-building, development of teaching and learning materials, 
international teacher exchange, and information sharing and networking. 

The UNESCO Chair at the University of Klagenfurt has established the Mas-
ter’s Program Global Citizenship Education (Grobbauer and Wintersteiner 2019) in 
cooperation with the nongovernmental organization KommEnt and the Univer-
sity College of Teacher Education Carinthia. The program is primarily aimed at 
teaching staff, teacher trainers, and other professionals in extra-curricular ed-
ucation, thus increasing the number of committed, well-trained professionals in 
the field. The curriculum is characterized by its interdisciplinarity: social sciences 
form a central part of the course, and the examination of the concept of (global) 
citizenship and the associated issues of transnational democracy are based on 
political science and political theory. The foundations of educational science and 
the knowledge and critical ref lection of pedagogical concepts are fundamental. 
Moreover, the understanding of Global Citizenship Education is also based on the 
normative principle of global justice, whereby philosophy and ethics offer impor- 
tant theoretical points of reference. The critical orientation of the program ques-
tions concepts of Western hegemony, provides insights into European legacies of 
colonialism and neo-colonialism, and fosters the discussion of postcolonialism. 

The field of research has expanded significantly in recent years, with an em-
phasis on teaching about ethical global issues. Based on Andreotti’s critical educa-
tion approach, Pashby and Sund (2019) have conducted research with teachers in 
England, Sweden, and Finland, with the goal of connecting decolonial theory with 
classroom experience in Europe. A particular focus was placed on identifying 
mainstream, as well as marginalized or underrepresented perspectives, and rec-
ognizing enabling factors and challenges in addressing barriers to teaching crit-
ical Global Citizenship Education. Their findings show that secondary and upper 
secondary schoolteachers welcome teaching guides that can be easily adapted to 
the classroom. The result of the ensuing participatory process is a resource which 
enables teachers to critically ref lect upon their own teaching practice, guide stu-
dents to understand the origins of different perspectives and worldviews, includ-
ing their own, identify mainstream viewpoints and appreciate marginalized per-
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spectives, recognize the complexity and root causes of global issues, and discuss 
possible activities or responses following the lessons. 

Students’ critical understanding of their roles as global citizens is a crucial 
element of international study programs at schools and universities, and has be-
come an established focus of teacher training programs at the University of Alber-
ta (Canada). Here, Schultz trains educators to examine theories and case studies 
focusing on the “constructions of global citizenship, and how citizenship is (has 
been) lived, denied, recreated and/or re-imagined” (University of Alberta 2023). 
Teachers learn to develop empathy for diverse opinions, analyze the intercon-
nectedness of global events and problem-solving strategies, and understand the 
potential of the concept of global citizenship for their future students and the in-
creasingly diverse social, economic, and political communities and contexts that 
they will deal with professionally.

The Center for Global Education (EPIZ) is involved in a number of transdisci-
plinary endeavors, including teacher training programs at the Berlin Department 
of Education and Master of Education programs at TU Berlin and the School of Vo-
cational Education at the Münster University of Applied Sciences, and the project 
Vocational Education Meets University at the Otto-Suhr-Institute of the Freie Univer-
sität Berlin. Study tours and online conferences for teacher trainers in Berlin and 
at the University of KwaZulu-Natal in Durban, South Africa, enable an academic 
exchange on topics such as community-based approaches to climate education, and 
decolonial perspectives on structural inequality in South Africa’s education system. 
The goal of a current lighthouse project with the Humboldt Universität zu Berlin is 
to identify core competencies crucial for the implementation of climate change pre-
vention and mitigation in three vocational fields, and to design teaching strategies 
for developing these competencies within existing curriculum frameworks. These 
programs represent the vital contributions of current transdisciplinary collabora-
tions between academic disciplines, civil society actors, and the field of education to 
the advancement of Global Citizenship Education in theory and practice.
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Definition

The word hackathon results from the combination of two words: the first one, hack 
or hacking, is a term that derives from the Old English verb haccian (”cut in pieces”)  
and recently, especially in the technological age, is used in the (investigative) pro-
gramming field to overcome obstacles to accessing technological systems and in-
formation. The word element thon is related to marathon and refers to the ancient 
Greek city Μαραϑών (Marathon) from where, according to legend, the messenger 
Pheidippides departed to arrive at the Acropolis in Athens to announce the victory 
of the Greeks over the Persians in 490 BC. Today, the term refers to the long-dis-
tance running competition. 

Being a relatively recent word, as it was first used in the late 1960s in program-
ming activities in the United States (Yarmohammadian et al. 2021, 1), hackathon 
combines the creative process outside the established rules (hack) and recalls the 
endurance and high degree of effort that is at the core of marathons (Briscoe and 
Mulligan 2014, 2). The nature of a hackathon is that of a collective challenge, in 
which participants – divided into teams and within a narrow time frame – have 
to overcome obstacles to come up with something new through collaborative 
dynamics. In detail, hackathons start from the definition of the problem to be 
solved, pass through the information needed to tackle it (including searching for 
available resources and existing solutions), and apply learnings to solve it, which 
also include imagining new ways to activate them. This structure is due to specific 
phases that characterize the hackathon and ensure its success: collective elabo-
ration of the idea (Damen et al. 2019, 4), the realization of the project (Prieto et 
al. 2019), creation of the prototype (Karlsen and Løvlie 2017), verification using a 
test of the prototype (Rey 2017), presentation of the final product to an audience of 
people interested in the theme and especially in the proposed solutions (Gama et 
al. 2018). These phases are similar to those of a design thinking innovation process 
(Liedtka 2014). Considering their systemic approach (Nechkoska et al. 2023, 311), 
hackathons are increasingly gaining traction at the global and local scale. 
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Historically, hackathons originated in a specific sector: in information tech-
nology, where programmers and designers would gather for hours at a time to 
co-create innovative new software. Since its initial use, the hackathon has been 
applied to a variety of fields as an innovative transdisciplinary method of engag-
ing as many stakeholders as possible to develop collaborative projects that respond 
to shared problems. Hackathons thereby contribute to the plurality of knowledge 
resources and enlarge the circle of knowledge producers. 

Current hackathons are defined as interactive and cross-discipline events 
lasting from four to 36 hours, in which participants come together, discuss, and 
inform themselves to respond to a problem that they perceive in their community 
(work, housing, political, etc.). Participants, guided by experts and in thematic 
working groups, leverage their experiences and skills by devising solutions. At 
the conclusion of the hackathon, these solutions are presented to a panel of ex-
perts and stakeholders who will judge them on their feasibility and then identify a 
winning team. Hackathons, actively used nowadays in the world of education and 
training at different levels from elementary to higher education, have become a 
space to express oneself, collaborate, and be an active part of changing mindset 
and way of teaching and learning in a transdisciplinary way. Hackathons stimu-
late the enthusiasm of the different participants, allowing them to intensify rela-
tionships, and to join an educational community characterized by a high diversity 
of societal roles and educational biographies.

Background 

Hackathons are the result of the capitalist market and were initially used as tools 
to foster digital innovation when digital technologies began to penetrate Western 
society (Uffreduzzi 2017; Yarmohammadian et al. 2021). After the rise of technol-
ogization exposed society to new challenges, hackathons began to be applied also 
in the business world: their approach, grounded in collaborative patterns, fos-
tered the development of hackathons in research projects, design, and new solu-
tions in the field of technology and digital innovation in the 1990s (Page et al. 2016, 
246). During that period, when marketing strategies were focused exclusively on 
maximizing the needs of companies, hackathons boomed as tools to support com-
panies in selling their products (Briscoe and Mulligan 2014).

In the early 2000s, when the markets in Europe and North America started to 
include the needs of the consumers, citizens, children, and families at the center 
of strategies (Richterich 2019), the hackathon started to play a role not only as a 
problem-solving tool but also for finding solutions closer to people’s needs (hu-
man-value centered) through design thinking methods (Bell 2008). Hackathons 
were used as a fast problem-solving technique, drawing the attention of a trans-
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disciplinary group of experts or novices to specific problems. The joint sleepless 
effort of this group created viable solutions for the given problem that could 
be implemented after a process of refinement. Scholars acknowledge that the  
hackathon approach has recently been hybridized with human-centered design to 
overcome the problem of obtaining technologically impressive solutions that lack 
a deep understanding of the problems from the users’ point of view, always with 
an accelerated pace of implementation (Mincolelli et al. 2020). In the 2010s, sev-
eral cases confirm that hackathons were also developed in non-Western countries, 
such as Asia and Africa (Chen 2018; Ghouila et al. 2018) as a tool to support farm-
ers, to connect and empower citizens, and to expand scientific discoveries. More 
recently, civil society and leaders started to consider that the needs of humans 
pose the risk of ignoring systemic and complex problems such as climate change, 
biodiversity loss, or deforestation (Lodato and DiSalvo 2015). These challenges 
that global society has been facing have changed the scope and breadth of the 
problems that need to be hacked (Flores et al. 2018; Nechkoska et. al. 2023; Vignoli 
et al. 2021). New design methodologies were increasingly applied in hackathons 
to support the shift from ego-systems (characterized by a pyramidal approach 
where humans are at the peak) to eco-systems (Scharmer 2013), and embrace a 
more inclusive perspective.

Figure 1. Graphical representations of the Ego-system and Eco-system models. Source: 
Scharmer 2013. 

One example is prosperity thinking, a design innovation methodology first devel-
oped in 2019 (Vignoli et al. 2021, 1801). Its aim is to reconnect and simultaneously 
consider both human and planetary needs in creative sessions. Prosperity think-
ing differs considerably from the prosperity thinking mindset as it emerged in 
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the late 1990s, which is grounded in the attitude towards “abundance, confidence, 
and gain” (Napolitano 1999, 3), and goes beyond the concept of prosperity thinking 
intended to achieve a prosperous life as proposed by Gallamore (Gallamore and 
Gallamore 2011, 78). 

The Hackathon model and approach, when implemented with prosperity 
thinking design innovation methodology, is a rapid problem-solving tool that 
considers people’s needs within the limits of the planet, therefore breaking down 
complex problems. The participants work in solution hunting, building artifacts 
to make ideas tangible (Dorst 2011), and in community co-design and testing. 
Most hackathons end up in project presentations that shed light on new ways of 
solving complex problems at local and more specific levels (macro, meso, micro) 
while generating multiple solution alternatives (Lewis et al. 2015; Soligno et al. 
2015). For example, the hackathon virtually launched by AccelerateEstonia, Ga-
rage48, and Guaana (Global Hack) in 2020 with the goal of hacking health and 
wellness issues triggered by the global pandemic was a perfect example of how 
hackathons can become tools in support of complex and multidisciplinary issues 
(Flood 2020). This 48-hour online hackathon virtually gathered startups and tech 
teams, global leaders and industry experts, policymakers, media, and investors to 
turn ideas into rapidly implementable solutions on well-being, mental well-being, 
and relations, medicine, work and productivity, human resources, leadership, and 
environment (including climate actions, sustainability, and clean energy). These 
aspects are increasingly favoring the use of hackathons in schools and universities 
applied not to maximize their commercial application but to generate social and 
cultural impacts. 

A hackathon is a transdisciplinary method of teaching and learning as it ap-
plies participatory and cooperative techniques (Hope et al. 2019). It proposes and 
invites rigorous, inclusive, and creative work and thereby takes from a high plu-
rality of available knowledge resources. Recognizing the multiplicity and inter-
connectedness of the various dimensions of the real world, transdisciplinarity 
has the ambition to cross boundaries that separate paradigms, rigid institutional 
norms, and disciplinary labels.

Various diversities come together to face challenges during a hackathon: par-
ticipants create groups of three to five people, and form personal relationships 
with each other due to the intensity of the project; it is an opportunity for en-
richment, and participants are engaged by a facilitator and a team of tutors and 
judged by a panel of experts. Multidimensionality, inclusiveness, and creativity 
are the terms that denote the transdisciplinary approach of the hackathon. To-
day hackathons can involve increasingly large groups and, through the use of the 
internet, even those located in different geographic areas. In addition, there are 
several web platforms available for free, which can be used to share results and 
make communication during hackathons easy and effective.
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This type of teaching methodology has a threefold goal: to strengthen the com-
munity involved, to attract and welcome diversity, and to provide an opportunity 
for all participants to learn. In the case of training, teachers are an integral part 
of this co-learning process. The transdisciplinary hackathon method is certainly 
not easy to pursue, but it is also the current bet for particular and broad areas of 
research (such as those on co-creation processes).

Debate and criticism

The addition of hackathons into the educational system is an added value, as  
hackathons are tools that emphasize teamwork and collaboration, ensure bi-di-
rectional exchanges, stimulate dialogue, questions, and critical thinking in stu-
dents, and can support in-presence lessons to shape the professional figures of 
the future (Holley 2009; Huerta and Romaní 2022). In this sense, hackathons 
can guide students toward a holistic and ecosystemic overview of problems (and 
solutions), enhancing interconnection and transdisciplinarity (Massari 2021, 320). 
Though hackathons were not initially conceived as educational, didactic tools, 
increasing literature is proving their potential and increasing applicability as a 
teaching and learning tool in class (Wallwey et al. 2022). 

Similarities and connections can be identified between the hackathon’s three 
moments (involvement of people, search for solutions, and action for the realization 
of the solutions) and the process followed by teachers in designing lessons. Lessons, 
just like hackathons, are aimed at helping the students acquire knowledge. A hack-
athon can therefore be compared to a learning unit and indeed can be accurately 
defined as challenge-based learning (Leijon et al. 2021; Malmqvist et al. 2015; Nich-
ols and Cator 2008). Significant differences between the challenge-based model 
and the traditional model subsist. In a traditional model, students expect first to 
receive the information they need to understand the learning content, then memo-
rize that information, and finally apply it to a problem. In challenge-based learning, 
on the other hand, the problem to be solved is posed first, and only afterward are 
the students asked to figure out where to acquire the necessary information and 
how to apply it to solve the problem (Gallagher and Savage 2020; Leijon et al. 2021). 
Whereas in the first case, learning is based on solving the problem according to a 
functional approach, the second approach defines learning as challenge-based and 
follows a systemic perspective (Sternad 2015, 252).

A similar approach is project-based learning, a method of learning based on 
the realization of projects (Krajcik and Blumenfeld 2005). In this case, the differ-
ences between the two approaches are less pronounced but still significant. Pro-
ject-based learning can be carried out individually or in groups, in which case it is 
the teacher who defines a problem and identifies steps to solve it. Challenge-based 



S. Massari, S. Roversi, S. Finn, C. Jatwani, A. Fusco, E. Solimeo, A. Cavicchi, and M. Vignoli180

learning, on the other hand, involves only group work. It is the students them-
selves who define the problem, identify the steps, and create the solution. Nonethe- 
less, in both cases, real-world problems are tackled, students are at the center of 
the activity, and the teacher takes the roles of a guide and a learner at the same 
time. The ideal forma mentis of a teacher approaching such methodologies is open-
ness to innovation. 

It is precisely in the common area between these two approaches that the main 
characteristics of the hackathon are identified. The hackathon is configured as a 
strategy for inclusive and collaborative teaching (Flus and Hurst 2021) that has 
many entry points (to the problem) and many solutions, allowing it to focus on 
global problems and develop local solutions (Decker et al. 2015, 4). In addition, it 
allows connection with multiple disciplines (Yarmohammadian et al. 2021) and 
represents an opportunity to develop competencies and useful skills (Cwickel and 
Simhi 2021), including soft skills (Decker et al. 2015, 3) as well as targeted use of 
the internet and digital tools for organization, collaboration, and sharing (Wall-
wey et al. 2022). Applied to education, hackathons could therefore represent a key 
tool to offer students the chance to foster active learning (learning by doing rather 
than learning by listening), become responsible for their own learning (a process 
that can trigger a sense of agency as responsible citizens), and learn to face collec-
tive and transdisciplinary challenges. 

Although a hackathon as a methodology is usually associated with the chal-
lenge-based approach, typically applied in entrepreneurial environments (Gregg 
2015), challenge-based learning can be used in class settings and has a high impact 
on the learning process, fosters collaborative creativity and provides benefits to 
the class  (Hope et al. 2019, Lodato and DiSalvo 2015). In addition, challenge-based 
learning has added to new ways of teaching and experiential learning in class and 
has inf luenced (both tangible and intangible) teaching methods and the role of 
the teacher, which can now be considered not just as coordinators of activities but 
as real facilitators of interactions among students and between students and soci- 
etal actors (mentors, stakeholders, and other collaborators). 

Current forms of implementation in higher education

The aforementioned potential of hackathons applied in education has also been 
supported by concrete examples. Applied at the local and global levels, hackathons 
are already being used as examples to teach and learn in virtual, hybrid, and 
in-presence formats while being applied to many different critical topics. 

The role of hackathons in supporting and widening civic engagement in 
schools is exemplified by the hackathon on civic education, which was co-orga-
nized by the Association Amore per il Sapere (Apis) and the Future Food Institute 
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in April 2021. This virtual hackathon was able to connect students of different 
ages and teachers around Italy. The challenges that students needed to hack were 
culture, wood, education, water, social innovation, food waste, companies, and 
territory. For each challenge, students could rely on the support of teachers, who 
were properly trained in advance to introduce the hackathon as an active teaching 
methodology, and of professionals working on the topic’s relation to the challenge, 
to make their solutions viable.

The hackathon on community engagement, organized by the Paideia Campus 
in Pollica, Italy, in 2022, represents an example of a hackathon used for connect-
ing formal educational environments to local community engagement. The main 
purpose was to find innovative solutions in the service of the cultural, social, and 
economic regeneration of the local territory, by gathering people from different 
sectors, ages, and experiences. Different community-based hackathons active-
ly involved local citizens (outdoor lovers, community engagers, educators, and 
children) in designing new solutions to local problems. Local elementary schools 
and teachers were involved in all the intergenerational and transdisciplinary chal-
lenge-based dynamics.

Another application of a hackathon in higher education and geographically 
dislocated in different areas was the hackathon (called “Foodathon“) organized 
both physically and virtually by the University of Wageningen (Netherlands) in 
2018 grounded on the challenge of food security. As part of a conference on food 
and global hunger, the Foodathon was a special competition organized to engage 
students in achieving SDG 2 (Zero Hunger) and creating local solutions to the 
challenges of food systems. Geographically and culturally diverse participants 
had a 36-hour time frame to create intercultural and multidisciplinary teams and 
hack problems such as policy coherence for food production, food security and 
genetic diversity, sustainable dietary patterns, rural–urban linkages for food se-
curity, financing mechanisms to achieve SDG2, and circular food systems.

There have also been cases where hackathons have been applied by one sin-
gle university but involved different departments and disciplines. The hackathon 
organized by the University of Pisa (Italy) and the Pisa Contamination Lab (CLab 
Pisa) in October 2022 started from the challenge of mobility and digital transfor-
mation fields and was aimed at fostering digital solutions in the agrifood and ur-
ban mobility sector for the creation of scalable and sustainable business models in 
compliance with the SDGs. Students, researchers, Ph.D. candidates, and profes-
sors from different departments of Pisa were asked to find a common language 
and a way to co-create digital and collaborative solutions for transparency and 
efficiency in food supply chains; city–country logistics and food and beverage de-
livery; food waste reduction and food recovery; healthier and more sustainable 
food regimes; and conscious, responsible and more sustainable better tourism in 
rural areas. 
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These examples are not exhaustive but are indicative of hackathons as a pro-
cess and methodology that can promote and spread a culture of innovation and 
transdisciplinarity in schools at all levels, while also enabling participants to ac-
quire tools and skills in planning, organization, communication, and soft skills. 
The examples aim to maximize the potential of hackathons as teaching tools and 
as a powerful example of a training scenario (for both students and teachers) for 
informal learning.

Finally, the cases demonstrate a hackathon as a method and approach able to 
engage an intergenerational, multidisciplinary, and multi-geographic group. The 
outcomes and impacts of a hackathon are both tangible (new and innovative final 
products, services, and systems) and intangible (new processes of learning, dis-
cussion, cross-cultural contaminations, new mindsets). On the one hand, a hack-
athon has a long-term impact as it supports teamwork and the value of diversity. 
The hackathon in education highlights how it is possible to co-create new physical 
and phygital (both digital and physical) spaces to reinvent the interaction between 
actors, schools, and local communities through experiences. As the cases pre-
sented here demonstrate, the most significant outcomes are often intangible and 
long-term: participants are “forced” to think with an ecosystemic perspective and 
propose solutions related to the entire value chain (production, distribution, mar-
keting, consumption, post-consumption, and circularity to be related), embracing 
multi-level interaction to improve the ecosystem as a whole. The hackathon touch-
es on diverse themes and issues as the cases present them: health and wellness, 
mental well-being and relationships, medicine, labor and productivity, human 
resources, leadership, environment (including climate action, sustainability, and 
clean energy), economics, banking, education, poverty, arts, and governance. The 
tangible short-term results of the hackathon are that it enables prototyping, test-
ing, evaluating failures, and creating solutions that can generate change.

The aforementioned cases demonstrate not only the positive potential of the 
hackathon, but also the major difficulties: acquiring the methodologies of open 
innovation, working in teams, and facing multicultural and intergenerational dif-
ficulties. Through the hackathon, one can experience agility, learning to focus on 
the real needs to be met or the problems to be solved. A hackathon is therefore a 
strenuous but highly engaging and, at times, fun experience for all participants. 
It is no coincidence that global leaders, politicians, media, and investors today rely 
on the application of hackathon sessions to transform ideas into rapidly imple-
mentable solutions for positive impact on the community and for prototyping and 
implementation of solutions.
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Bem Le Hunte, Tyson Yunkaporta, Jacqueline Melvold, Monique Potts, Katie Ross,  
and Lucy Allen

Definition

Indigenous knowledges are knowledges that are developed by groups of people 
through “centuries of unbroken residence” in a place (Dei et al. 2022, 104). Im-
portantly, they privilege the knowledge of ancient cultures whose practices have 
survived millennia, despite colonization. They have transdisciplinary value in the 
contemporary university environment – an environment that privileges most-
ly Western ways of knowing and being – as these ancient knowledges, or what 
some describe as spiritual knowledges, tend to offer a more unified, connected, 
relational field of knowledge as a starting point, which at closer examination may 
provide transdisciplinary insights that other disciplinary-bound knowledges may 
obscure (Lange et al. 2021). By providing a more unified understanding of knowl-
edge as a connected whole, they balance Western ways of compartmentalizing 
knowledge in university institutional structures that are set up to create silos and 
fiefdoms that serve to separate us (Ross and Mitchell 2018). 

Indigenous knowledges provide a more inclusive contextual framework that 
incorporate not just contemporary thought but ancient, spiritual, relational, In-
digenous ways of thinking, knowing, and being. Infusing these into a transdisci-
plinary curriculum can be seen as an act of resistance – a way to detox compart-
mentalized thinking, whilst also transforming and expanding student worldviews 
and learning (Harvey and Russell-Mundine 2019). 

Background

In his Transdisciplinary Manifesto, Nicolescu writes: “No single culture is privileged 
over any other culture. The transdisciplinary approach is inherently transcultural” 
(Nicolescu 2002, 150). Indigenous knowledges have found their way into the trans-
disciplinary curriculum as a way to counteract the somewhat “shrunken” notion 
of knowledge as being predominantly Western, single-disciplinary, and linear. 
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Indigenous knowledges have been categorized into three intersecting forms: (1) 
traditional knowledge, generally passed down by elders; (2) empirical knowledge that 
is knowledge sourced about and from nature, culture and society; and finally, (3) 
revealed knowledge, which privileges knowledge revealed through visions, dreams, 
and intuition (Castellano 2000).

Along with these forms are a set of qualities that Indigenous knowledges pos-
sess. For example, they are often personalized – in the sense that knowledge is 
inherently tied to the person who holds it or speaks its truth, and these received 
knowledges come with responsibilities. They are also orally transmitted and ex-
periential – in other words, they depend on subjective experience and the inner 
workings of the self to generate social interpretations, meanings, and explana-
tions. They are also holistic and relational. “They connect economic, cultural, po-
litical, spiritual, ecological and material forces and conditions. Indigenous epis-
temologies are grounded in an awareness and deep appreciation of the cosmos 
and how the self/selves, spiritual, known and unknown worlds are interconnected” 
(Dei 2000, 115). This idea of connectedness of knowledge – “of people to rocks to 
heavenly bodies to animals – is not a concept that comes from the Judeo-Christian 
world, but it is present in other worldviews”, which can be challenging for Western 
thinkers (Le Hunte 2022b, 224). For example, it is simply too hard to translate the 
complexity of the word “Dreaming” in the worldview of Indigenous Australians – 
it might translate as a “supra-rational interdimensional ontology endogenous to 
custodial ritual complexes”. But saying this every five minutes is a challenge, “so 
Dreaming it is” (Yunkaporta 2019, 22).

Academics have debated the responsibility of Western institutions to decolo-
nize their curricula, acknowledging that knowledge is not exclusive to the power-
ful. There is also a growing trend to support students to understand the legacy of a 
white, patriarchal, heteronormative intellectual tradition that remains rooted in 
colonial and Western-centric worldviews (Keele University 2018). 

Colonialism has from the very beginning been a contest over the mind and the 
intellect. What will count as knowledge? And who will count as expert or innova-
tor? Such questions have been central to the project of colonizing diverse cultures 
and their knowledge systems. Indigenous knowledges have been systematically 
usurped and then destroyed in their own cultures by the colonizing West [which 
has only served to keep them isolated from the Western curriculum]. (Shiva 2000, 
vii)
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Debate and criticism

One of the conf licts around Indigenous knowledge is that it generally takes a very 
different stance on what knowledge is and where it comes from. Added to this, 
colonial inf luences in Western education systems have meant that the “intellec-
tual heritage of non-Western societies was devalued” and “knowledge plurality 
[has] mutated into knowledge hierarchy, the horizontal ordering of diverse but 
equally valid systems [has been] converted into a vertical ordering of unequal sys-
tems, and the epistemological foundations of Western knowledge were imposed 
on non-Western knowledge systems with the result that the latter were invalidat-
ed” (Shiva 2002, vii). 

According to Dei (2000), educators should recognize the coexistence of knowl-
edges and their complementary nature (as well as their sometimes contradictory 
nature – yet this contradiction can be addressed if educators do not conceive the 
past and present as separate – “frozen in time and space” (Dei 2000, 120). In In-
digenous cultures with ontologies embracing relatedness with all of life, learning 
is a process of inquiry involving coming to know those relations between knowl-
edges, which include the innovations and discoveries of contemporary sciences 
(Frazer and Yunkaporta 2021).

The value of Indigenous knowledges is also that they challenge the notion that 
knowledges are separate – and force people to examine their notion of “discipline”. 
Indeed, “understanding how we are ‘disciplined’ may be something of a precursor 
to transdisciplinary work” (Le Hunte 2022a, 1670). If people can undo the limited 
and limiting understanding of knowledge and where it resides, they might then 
be able to unpack the power dynamic that informs so much of their learning in 
Western institutions.

Whilst university structures have been responsible for curating how people 
learn, students have been learning for millennia in a systemic, non-linear, net-
worked fashion – in a way that is fully embedded in the materiality and philos-
ophy of a face-to-face culture that learns and adapts whilst we are learning. In a 
bid to move beyond the limitations of dominant paradigms, systems thinkers are 
creating words to describe this type of learning – words like symmathesy, from the 
Greek syn or sym (“together”) and mathesi (“to learn”) for “learning together”. Nora 
Bateson created this word to describe a process of contextual mutual learning in 
an interconnected way outside of institutions (Bateson 2015a). For example, where 
learning to play a violin, learning may take place in the muscles, in the teacher, in 
the music, in the emotions and memory, in the culture and history of the instru-
ment (Bateson 2015b). 

Ancient and Indigenous cultures have long had notions of the connectedness 
and relatedness of all things in their philosophy – ideas that identify knowledges 
as non-separate, before Western thinking sought to exert power through the dis-
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ciplines to “tame the wild profusion of existing things” (Foucault 2005, 16) – be-
fore knowledge was categorized into fields and professions – into faculties and di-
visions. Indigenous knowledge is categorized according to the sovereign context 
of knowledge keepers rather than discrete topical abstractions (e.g. by age, status, 
location, totemic relation, clan, and gender). Knowledge is distributed through-
out the society, with each member and family responsible for specific content and 
the aggregate wisdom of the group only being accessible for governance through 
rituals of collective intellectual representation (Yunkaporta 2022).

By contrast, the intellectual ghettos that have evolved in contemporary glob-
al knowledge production rarely invite conf luence between disciplines, and this 
has potentially detrimental consequences. If universities began with seven dis-
ciplines in the 13th century, this proliferation has resulted in more than 8,000 in 
2012, meaning that “a great expert in a given discipline is totally ignorant in more 
than 7,999 disciplines” (Nicolescu and Ertas 2008, 17). 

Legitimizing Indigenous knowledge sets students up for success, as these 
knowledges act as boundary objects to promote understanding between cultures 
(Aikenhead 1996). It also promotes the incorporation of core Indigenous values 
(Cajete 1999), as well as supporting contextual place- and problem-based learn-
ing (Newberry and Trujillo 2018). Indigenous knowledges also foster a sense of 
connectedness and relationality between disciplines and humans (as well as the 
beyond-human world), which might be a useful starting point in helping to under-
stand a more expansive version of complex systems and the role of learning – for 
example, in the eco-social crisis that we now face (Ross 2020).

Current forms of implementation in higher education

The transdisciplinary curriculum globally is attempting to open up the boundaries 
of learning to other ways of knowing and being well beyond the scientific para-
digms privileged in the West, to live the ambition of transdisciplinarity and ad-
vocate for the openness, inclusivity, and wisdom required to do transdisciplinary 
work that truly broadens students’ worldviews. The diversity of Indigenous knowl-
edges means that their incorporation into curricula around the world is highly con-
textualized and differentiated as it is often co-designed with Indigenous people.

The first case study offered is a transdisciplinary program at the University 
of Technology Sydney in the Bachelor of Creative Intelligence and Innovation. 
This degree combines with 26 other disciplines from every faculty within the uni-
versity and opens up a new world for learners where different knowledges form 
conf luence from across all fields, industries, and disciplines. In such a context, 
it would be unwise to privilege only Western or scientific ways of knowing. One 
subject, New Knowledge Making Lab, has been designed as a site for engaging 
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with non-Western as well as Western knowledge from around the world and it 
covers the work of Australian Indigenous scholars through to Vedic philosophers 
and Chinese ways of knowing. Through this work, the notion of decolonization 
naturally arises. As Australia is a migrant nation, living on Indigenous land that 
was never ceded, it is easy to understand how some academics might feel they 
have a particular responsibility to decolonize their curriculum, acknowledging 
that knowledge is not exclusive to the powerful (Gothe and De Santolo 2022). Also, 
with students in this degree course coming from 26 disciplines, it is not within the 
remit of educators to teach any of these fields in depth. Instead, they privilege the 
Vedic (ancient Indian) idea that “there are many knowledges but only one knower” 
(Le Hunte 2020, 30). The approach to research within this program also follows 
the principles of the transformative research movement (Fazey et al. 2018) and the 
growing understanding that transformation in our systems involves transforma-
tion of self, because we are not disconnected from the systems we are attempting 
to change – a very Indigenous notion. 

A case study from the United States introduces transdisciplinary education 
as a model of decolonizing curricula in climate change education (Newberry and 
Trujillo 2018). In this context, academics created a model to enable students to 
learn science from multicultural perspectives; the program integrates knowledge 
and understandings from the social sciences, water policy, traditional ecological 
knowledge, and climate change science to examine strategies for including In-
digenous knowledge and cultural traditions into water policy and environmental 
decision-making. Students were provided background on the Tohono O’odham 
cultural perspectives and traditional practices, alongside knowledge on current 
and predicted climate change, and required to include Indigenous viewpoints on 
water as well as Tohono O’odham cultural values as part of their final projects. 
Newberry and Trujillio conclude by remarking on the importance of the incorpo-
ration of Indigenous knowledge in the curriculum for: (1) approaches to climate 
education in promoting resilience within Indigenous communities; (2) for the stu-
dent’s ability to navigate between different knowledges and methodologies in or-
der to produce new knowledge, and (3) having well-trained Indigenous ecologists 
who also have a strong grounding in their own cultural knowledge can provide the 
scientific community with unique multiple contexts.

Another case study from the University of Fort Hare in South Africa centers 
around the Life Knowledge Action and Grounding Program that embraces Afri-
can heritage in Western epistemology (Mahlangu and Garutsa 2019). The learning 
community is divided into three different levels of community – an individual 
home (or amakhaya in isiXhosa or Zulu), a community of homes (or imizi in isiX-
hosa or Zulu) and entire villages, where all relationships between stakeholders 
(think learners and community members) are reciprocal and all stakeholders are 
a part of an interconnected whole. Learners undertake a problem-solving project 
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within their own community, and the whole program takes place in a particular 
language, a dialogue which is supported by visiting lecturers (community mem-
bers). The use of vernacular terminology is important for its humanizing function. 

“This program allowed for resonance between students’ real-life experiences, their 
histories and the learning process” (Keet and Porteus 2010).

Given the colonial heritage of many of our societies, there is ongoing debate 
around designing learning for the inclusion of radically different worldviews 
in a transdisciplinary curriculum, but educators are also cautioned to do so in 
a sensitive fashion, given that engaging with Indigenous ways of knowing as a 
non-Indigenous person requires a very active form of allyship and explicit inten-
tion to remove the structural racism, colonialism, and inequalities experienced by 
Indigenous people today (Williams 2018). And, where possible, it is argued that 
educators should attempt to invite Indigenous knowledge holders into the educa-
tional space to ensure that knowledge is not appropriated or simplified, but rather 
amplified, to create the much-needed insight into principles of unity – that which 
connects humans, disciplines, and fields – rather than focusing on that which 
separates people. 
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Definition

Interdisciplinarity is both a programmatic term in higher education policy and a 
catch-all phrase across disciplines and fields. Hence, it labels many types of ben-
eficial cooperation between forms of expertise, including equality among par-
ticipants in teamwork. Further read through an etymological lens, the term im-
plies a process conceived as operating between (lat. inter) and across disciplines (lat. 
disciplinae), even in some instances independently of them. Whether the process 
results in methodological connections between disciplines or even new communi-
ties of practice depends on the complexity and purpose of a given activity (Apos-
tel 1972; NASEM 2005). Interdisciplinarity has also been presupposed in the past 
semantically and conceptually. Disciplines are individual bodies of knowledge, 
defined within their boundaries. Increased cross-fertilizations, however, have 
fostered and facilitated greater boundary crossing, ranging from assimilating ap-
proaches borrowed from other disciplines to formation of interdisciplinary fields.

Beyond this broad definition, however, a linguistic question arises from in-
consistent terminology across domains and a political question marked by diverg-
ing research and education policy interests. The range of intentions and outcomes 
varies by context. Interdisciplinarity can refer to an act of translation between 
representatives of individual branches of knowledge, a methodical way of acquir-
ing and generating new knowledge, a normative organizational and top-down 
objective, the answer to a complex question or solution to a complex problem, 
dialogue about preconditions and possibilities, limits for collaboration between 
disciplines, implications for teaching and research, and a transitional phase in the 
emergence of new disciplines or new interdisciplinary strands. Thus, interdisci-
plinarity can begin with exchanging ideas about complex problems or questions, 
continue formally integrating methodologies and epistemologies, be applied in 
exchanges of data, and ultimately even restructure research and teaching. 

From a historical standpoint, interdisciplinarity has been predominantly con-
strued as an academic endeavor that combines openness and contextual aware-
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ness, while still recognizing disciplinary boundaries. The combination inf luences 
willingness and ability to cooperate in collaborative work (Briggs and Michaud 
1972, 192). 

Background 

Regardless of approaches or contexts, the most common motivations for transdis-
ciplinary work are criticism of narrow approaches in single disciplines, rigid and 
inappropriate institutional structures, and excessive specialization and isolation of 
individual disciplines. Furthermore, indicating a gap between current needs and 
traditional classifications (Barthes 1987, 15), interdisciplinarity – similarly to trans-
disciplinarity – emerges in response to problems and questions too complex to be as-
signed to any one discipline or to be solved by any single branch of knowledge. Thus, 
interdisciplinarity is also an outgrowth of realization that traditional disciplinary 
patterns of thought and practice are inadequate in pressing global issues such as 
climate change, disease, urbanization, migration, food insecurity, and digital trans-
formation. At the same time, interrogating and challenging established organiza-
tional systems of academic research and education fuels demand for transcending 
disciplinary boundaries and bridging the divide between society and science.

Here too, a historical perspective is illuminating. The term interdisciplinari-
ty is conventionally dated to the 1920s in the context of social-scientific research 
on problems of the day and in alternative forms of general education and core 
curricula. During the 1930s and 1940s, the new field of area studies also arose, 
as well as problem-focused research such as the Manhattan Project to create an 
atomic bomb. Discussions around it, though, are much older and have inf luenced 
development of modern disciplines since their beginnings (Klein 1993, 19). By the 
1960s and early 1970s the word appeared more widely as a level for educational 
experimentation and new fields such as environmental, urban, and culture-based 
topics that arose from sociopolitical movements outside the academy. From the 
1980s onward, the term became more prevalent in industrialized nations in sci-
ence-based fields and, concomitantly, philosophy of science and science policy. 

Up to this historical point, subject differentiation and organization according 
to disciplines had been regarded as indispensable, while failure to adhere to disci-
plinary boundaries was deemed pejoratively as incompetence, “outsiderism”, and 
dilettantism (see Hentig 1971, 866). Like any system, disciplines are decision- and 
experience-based constructs whose inf luence, stability, and boundaries result 
from socialization and institutionalization: power and resources, monopolization 
of knowledge, path dependencies, and hegemonies shape parameters of research 
and education. As a result, early interdisciplinary initiatives were regarded as 
anomalous or marginal. It has become apparent, not just since Foucault’s habilita-
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tion thesis was rejected at Uppsala University in 1958 because it was deemed irrec-
oncilable with the self-image of history as a discipline (Edelberg 2017, 286; Eribon 
1989, 106–9), that disciplines can be used effectively as instruments of power to 
deny recognition and exclude the participation of alternative practices. Popper’s 
dictum – “We are not students of some subject matter, but students of problems” 
(1963, 88) – captures the criticism of failure to respond to societal challenges.

Moreover, when interdisciplinarity is associated with innovation, and height-
ened in funding policies and grant applications, thinking within disciplinary 
boundaries is rather associated with amateurism, and narrow and decontextu-
alized objectives (see Davis 2007; Nissani 1997; Palang 2003, 56). Nonetheless, the 
connecting threads across motivations and contexts is the responsibility for ques-
tions and problems that rigid disciplinarity cannot address. Interdisciplinarity is 
thus also a result of continuous accountability renegotiation. From a philosophical 
standpoint, since the world in its complexity can be apprehended neither encyclo-
pedically nor categorically, interdisciplinarity does not represent overcoming, let 
alone abolition of disciplines. Rather, it explores their non-linear rhizome-like con-
nections (see Deleuze and Guattari 1976): Individual disciplines remain the domi-
nant structure of organization and classification. Interdisciplinarity is thus not just 
a program to reform university structures and educational systems, but should also 
be understood as a learning mode to recognize and deal with justice conf licts, path 
dependencies, hierarchies, control regimes, and techniques of marginalization. 

At the same time, the increased number and size of scientific and professional 
teams has also resulted in increased awareness of collaborative learning dynamics 
and research. Moreover, heightened attention is being paid today to the involve-
ment of stakeholders in government, industry, and communities, including the 
co-production of knowledge in transdisciplinary problem-oriented research. In 
fact, inter- and transdisciplinarity originate from the same malaise and offer dif-
ferent, complementary though interconnected methods of dealing with it. While 
interdisciplinarity originally encompassed purely scientific exchange, transdisci-
plinarity aims at the collaboration of diverse knowledge producers at the interface 
of science and society, theory and practice. A semantic, conceptual, and historical 
discernment, though, remains difficult. In contrast to earlier emphasis on episte-
mology, problem-solving today looms larger in interdisciplinarity discourse. This 
development is apparent on a global scale. 

In the past, literature has been dominated by accounts from Europe and North 
America and in the English language. However, as examples indicate, bound-
ary-crossing discourses are expanding awareness of inter- and trans-disciplinarity 
in the Global South. A growing body of reports from science-policy bodies and educa-
tional commission documents increased calls for support in both research and edu-
cation. Gleed and Marchant’s (2016) interdisciplinarity survey report includes exam-
ples from the Americas, Europe, the Asia-Pacific, the Middle East, and North Africa. 
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Debate and criticism

It is no surprise that the postulate of interdisciplinarity has spawned a plethora of 
literature, but a systematic definition of terminology and practices remains elusive. 
Attempts at systematization are numerous, misunderstandings emerge, and some 
argue “Babylonian confusion”, despite clear patterns of consensus (Klein 2017, 21). 
In addition, appropriate evaluation criteria need to be used in assessing funding, 
publications, research performance, and program review. Disappointments are 
hardly surprising in light of the high expectations associated with interdiscipli-
narity. They include communication issues, empty phrases, political declarations 
of intent that dominate “interdisciplinary hype” (Jacobs 2009), and alignment with 
innovation and commercialization. The overarching concept has been misinter-
preted as a panacea (Segal 2009). Some claim that it has supplanted disciplinarity 
as the primary raison d’être of research and education. The paradox of interdisci-
plinarity, however, refutes the latter claim. Science-policy bodies and educational 
commissions are increasingly endorsing it. Obstacles persist on all levels.

Key continuing hindrances include jargon and translation problems, disci-
pline-based publication criteria and rigid discipline-based worldviews, concern 
about lack or loss of hierarchical status, insufficient incentive structures, and in-
adequate compensation structures accompanied by the need for increased finan-
cial support. In addition, cooperation across disciplines requires time to build trust 
in teams and wiliness to compromise, as well as joint goal setting, power sharing, 
and equitable work distribution. Sufficient opportunities for profile and career 
promotion are also needed. Since interdisciplinarity is aligned increasingly with 
complex and often global problems, long-term change in institutional structures 
is essential, too (Abbott 2007, 134). Mindful of the many obstacles and disincen-
tives, Gleed and Marchant (2016, 7ff.) call for a robust “architecture” of programs in 
all countries, facilitated by physical and social spaces including centers, networks, 
and graduate education and research training. On the other hand, scholars, practi-
tioners, and educators disagree on when students should be exposed to interdisci-
plinarity. The traditional hierarchy of expertise prioritizes mastery of a specialized 
body of knowledge first. However, pertinent skills are called for across contexts.

To illustrate, the Education Reimagined’s Partnership for 21st Century Learning 
cited four significant competencies that are also aligned with interdisciplinarity: 
communication, collaboration, critical thinking, and creativity. In comparison, 
the World Economic Forum’s Future of Jobs Report 2020 (Zahidi et al. 2020) listed 
critical thinking, creativity, and coordination in problem-solving as among the 
top-ten skills students need. Spelt et al.’s (2009) systematic review of relevant liter-
ature in higher education spans multiple contexts. Some are not exclusive to inter-
disciplinarity, including disciplinary knowledge, ability to communicate, and criti-
cal thinking. Recently, though, there has been increasing interest in understanding 
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the nature of interdisciplinarity, integration, and collaboration. Other abilities 
deemed crucial for dealing with complex questions and problems include curiosity 
and respect for other disciplines, empathy and emotional intelligence, and ethical 
concerns. Spelt et al. add the pedagogical goal of fostering collaboration in curricu- 
lum development and teaching, whereas Borrego and Newswander (2010) include 
capacity for teamwork, along with grounding in disciplines, integration and broad 
perspective, interdisciplinary communication, and critical awareness.

Current forms of implementation in higher education

Given the plurality of approaches, forms of implementation differ as well: from 
student-initiated research and living labs to large-scale inter-institutional pro-
grams and projects. They also include new subdisciplines and disciplines as well 
as integrated fields. Interdisciplinarity in research was initially organized in 
graduate colleges and project-based clusters of limited duration, but it has be-
come well-established in dedicated units such as Berlin’s Einstein Center Digital 
Future, Stanford University’s Bio-X institute, and the Global Institute of Sustain-
ability and Innovation at Arizona State University. Furthermore, it increasingly 
gained a place in curricula of many universities. In Europe, more study programs 
with interdisciplinary aspirations have emerged since the introduction of bache-
lor’s degrees. For example, Philosophy, Politics, and Economics, developed at Ox-
ford in 1920, then subsequently adopted in one form or another by several other 
universities. Attempts to establish the Anglo-American liberal arts tradition in 
other countries (e.g. since 2012 at University College Freiburg) follow a similar tra-
jectory. All of these examples, however, do not conclusively prove that interdisci-
plinary aims are always achieved. In many cases, the term is merely a catchphrase. 
Proactive attention is required.

Universities and colleges need discursive spaces where experiences are shared 
and exchanged across boundaries, and integration and collaboration are explicit-
ly cultivated in educational and training programs. Otherwise, thought patterns 
formed by preparation in individual sciences are not overcome, or at most are rel-
ativized and reorganized only to a modest degree. As a result, the goal of integrat-
ing interdisciplinarity into students’ personal and professional identities diminish. 
Interdisciplinarity is often viewed solely as a phenomenon of application, while 
theory-building and ref lection on epistemological, didactic, and methodological 
dimensions is short-changed (Philipp 2021, 169). Interdisciplinary learning further 
requires expansion of university-based counseling and guidance services and ex-
posure to a range of forms and methods (Briggs and Michaud 1972, 228–29).

Two accounts in the authoritative Oxford Handbook of Interdisciplinarity fur-
nish deeper understanding of current forms and strategies of implementation. In 
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reporting on administrative structures, Holley (2017) sketches a typology of in-
terdisciplinary programs organized into categories of students, faculty, curricu- 
lum, funding, and institutional location. Curriculum spans institutional- and 
student-designed programs and activities, theme-based learning communities, 
capstone or culminating classes within disciplinary majors, topic-based multidis-
ciplinary course sequences, and prescribed coursework in recognized interdisci-
plinary fields or on emergent topics or interests. Holley concludes that no single 
model exists: forms may be autonomous, freestanding units or located within an 
established college or university, including new and renovated buildings that are 
centers for theme-based research with some educational and training opportuni-
ties. Institution-wide prioritizing of interdisciplinarity is rare. Related pedago-
gies are also implementing interdisciplinary learning. 

DeZure (2017) reported that interdisciplinary teaching and learning do not claim 
any unique set of pedagogies. Following suit, teachers employ an array of instruc-
tional methods to support integrative learning outcomes. Dubbing them “produc-
tive pedagogies”, DeZure aligns them with a broad-based shift from mastery of 
content to competencies, and the elevated importance of integrative and interdis-
ciplinary learning outcomes. DeZure also reports proliferation of interdisciplinary 
curricula and programs both in disciplinary departments and beyond them, as well 
as pedagogies that promote active and discovery-based learning. Illustrating the 
constructivist philosophy of learning, teachers also engage students in team- and 
problem-based learning. The more the pedagogy engages students in experiences 
based in the complexities of the real world, DeZure adds, the more interdisciplinary 
approaches to problem solving and authentic assessment are advanced. “Inclusive 
pedagogies” also recognize multiple perspectives, to ensure all voices are heard. 

Finally, Vienni Baptista and Klein (2022) illustrate the expanding scope of 
examples in a wide range of countries, spanning Africa, Europe and the United 
Kingdom, Russia and the South Caucasus, Latin and North America, Australia, 
and Japan. The overarching commonality is the need to address complex soci- 
etal problems, including the global pandemic, climate change, and sociopolitical 
inequities. However, contexts differ in individual chapters. Political history, for 
example, was a decisive factor in countries where universities ref lect top-down, 
centralized, and hierarchical relationships from the Soviet system. Mokiy and 
Lukyanova (2022) report a continuing authoritarian leadership style in Russia, 
though autonomous nonprofit organizations are advancing the potential for 
problem-focused interactions with civil society – even though transdisciplinary 
participation with stakeholders is a new concept in Russia, Armenia, and Georgia. 
Further south, in Ghana, Akua-Sakyiwah (2022) situates reform efforts against 
the backdrop of dependence on colonial masters and development partners and 
the dominance of Western forms of knowledge. Yet material realities differ from 
the North, including irregular financial support from the government. 
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Brazil also illustrates the impact of political history and, today, international 
momentum for solving complex societal issues. Since the 1980s, after 21 years of 
military dictatorship, reform has occurred against the backdrop of redemocratiza-
tion. Litre, Lindoso, and Burstyn (2022) characterize several Brazilian universities 
as avant-garde social spaces. Interdisciplinary initiatives have grown in graduate 
programs, but they are subject to centralized government regulation of education. 
Innovative programs are also judged by traditional metrics, regarded as incubators 
rather than mature initiatives, and stigmatized as too general, shallow, and un-
evenly institutionalized. The Center for Sustainable Development at the University 
of Brasilia, though, illustrates potential in a geographical area rich in ecological 
and social diversity, while located strategically in the country’s capital. 

Accounting for China, Pearce (2022) cited precedents for interdisciplinarity 
and transdisciplinarity in the conception of knowledge as an integrated corpus, 
the common good, and holistic knowledge and education for character develop-
ment and ability. However, dominance of the Soviet model of higher education be-
tween 1949 and 1966 prioritized a socialist agenda for economic development. Be-
tween 1966 and 1976, the Cultural Revolution shut down higher education, except 
for military institutions. In addition, China’s state-driven technocratic approach 
does not foster holistic consideration of complex societal and cultural factors. At 
the national level, interdisciplinarity is aligned more with solving problems than 
a general concept. 

As these case studies indicate, it is critical to recognize similarities and dif-
ferences when comparing lessons from different countries and regions. Interdis-
ciplinarity will have to prove itself less as a method and more as a fundamental 
academic and everyday attitude of graduates, particularly in post-secondary edu-
cation. It is not the abundance of areas of application, but the ability to reappraise 
scientific methodology and to provide ref lection spaces for interdisciplinarity- 
induced learning experiences which will determine whether the university remains 
the most crucial pillar of disciplinary and interdisciplinary knowledge structures.
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Internship

Ewald Terhart and Ulrike Weyland 

Definition

Internships as part of higher education provide practical experience in the field 
of study and are considered an integral part of the curriculum. They are differ-
ent from voluntary internships or compulsory practical training after gradu-
ation. For maximum benefit, internships should be linked to critical ref lection 
and research-based learning, with a focus on transdisciplinarity and continuous 
learning. Internships can range from several weeks to several months and are 
considered “macro-forms of practical relevance” (Hedtke 2000, own translation) 
in comparison to shorter, situational experiences. Internships fulfill the demand 
for practical relevance in high-quality academic programs.

In addition to theoretical and knowledge-based studies (lectures, seminars, 
exercises), the vast majority of higher education programs include learning op-
portunities for practical experience that often, if not always, take place in the later 
professional field. In higher education, these learning opportunities are common-
ly called internships, “field-based experience”, or “practicum” (Barron 2020; Kos-
inar et al. 2019; Ryan et al. 1996). 

In its broadest sense, every time-limited change of location or social context 
can be considered an “internship”. According to this broad understanding, “in-
ternships may be located anywhere in the world” (Jones 2006, 17). In a narrower 
sense, internships are elements of university courses and integral components of 
higher education. Voluntary internships undertaken with potential future em-
ployers after graduation or additional compulsory practical training required for 
the final licensing of state professions (doctors, lawyers, teachers, etc.) are not part 
of this narrower definition.

From an etymological point of view, the term practicum relates to practical 
activities, in the sense of doing or wanting to do something (from ancient Greek 
πράσσειν, prássein “to do, to accomplish”), while the term internship traces back 
to the Latin internus (“inward, internal”). In higher education, “practice” or “the 
practical” is associated with the idea of real experiences rather than imaginary or 
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theoretical ones. Thus, a practicum or internship is often considered an additional 
or complementary element to theoretical studies. During the internship, students 
gain practical experience by testing things out and getting involved in the prob-
lems and realities of their practical field. Yet this simplified view reduces the epis-
temic and didactic value of internships to mere practical activity. 

If, however, internships are regarded and realized as integral parts of the cur-
riculum in higher education and if they purposefully develop the students’ aca-
demic, research-based attitudes, the practical experience gained in internships 
is always linked to critical ref lection and scientific, research-based learning – not 
just acquaintance with the realities of the field. Internships as complex, holistic 
learning opportunities implement the idea of transdisciplinarity as an acknowl-
edgment of plural knowledge resources. Internships also include learning how to 
keep an analytical, critical distance out in the field and aim to lay the foundations 
for continuous learning throughout further phases of professional development. 

Internships in academic study programs may run for several weeks or sever-
al months and can therefore also be characterized as “macro-forms of practical 
relevance” (Hedtke 2000, 5, own translation). Such forms must be distinguished 
from practice-related “micro-forms” (Hedtke 2000, 5), such as situationally and 
temporally limited practical experiences or practical elements within convention-
al study structures (e.g. creating an action plan, simulations of practice situations, 
project seminars with practice contacts, work in teaching-learning laboratories 
with practitioners, etc.). As macro-forms, internships fulfill the continuous and 
urgent demand for practical relevance and practical orientation as a feature of 
high-quality academic study programs.

Background

University study programs aim to provide students with academic disciplinary, 
interdisciplinary, or transdisciplinary knowledge and ref lective skills that will en-
able them to work competently and responsibly while remaining open to new ideas 
based on new research and a (self-)ref lective attitude throughout their profession-
al life. For the few students and graduates who remain in the academic system 
(initially as junior researchers), their professional practice is research, it is theory. 
However, the vast majority of students go on to work in professional fields outside 
the university. Nevertheless, research is the basis of their professional work.

Accordingly, the question of the relationship between theoretical knowledge 
and forms of ref lection acquired through study and the practical ability to act 
and make appropriate decisions in the professional setting is key: How does a 
course of study instill a science-based professionalism characterized by an un-
derstanding that this foundation is also a mandate for lifelong science-based and 
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research-based learning in the profession? This question outlines a central theme 
in both theoretically oriented discourses of self-understanding on the relationship 
between (academic) disciplines and (practical) profession and – quite practically 

– in the context of the structure and specific curricular and didactic design of ac-
ademic study programs (Hessler et al. 2013): How can practical learning experi-
ences be meaningfully designed and integrated into academic studies? What kind 
of curricular formats lead to didactic and educational support for the initiation 
of transformative learning? Obviously, there are several possible answers to this 
question as the academic systems, traditions, cultures, and pathways from grad-
uation to employment, etc. are different in all parts of the world. 

Internships have long had a place in study programs but to varying degrees. 
In Europe, their systematic inclusion marks a movement in education and high-
er education policy associated with the Bologna process, i.e. the introduction of 
European higher education degrees that are comparable. With the introduction of 
the bachelor’s degree, intended as the first qualification for a profession, the con-
cepts of professional and practical relevance advanced to become guiding formulas 
for study program design (Schubarth et al. 2012). This not only brought the debate 
about internships and their significance into the spotlight in higher education 
policy, it also brought it to the attention of employers. Since then, study programs 
have included several internships, with various purposes, throughout the course 
of study. General, introductory internships occur early in the bachelor’s degree, 
while more in-depth internships, possibly abroad (for example in foreign-language 
studies), occur as the bachelor’s degree progresses, and, finally, research-oriented, 
specialized internships are undertaken during the master’s degree. 

Teacher education programs around the world typically include (several) 
internships and the “practicum” in teacher education is probably the most re-
searched internship (Cohen et al. 2013; Degeling et al. 2019; Hodges and Baum 
2019; Lawson et al. 2015). In the context of academic internships, teacher educa-
tion plays a special role because it is not linked to one single academic subject; the 
study program for teachers is essentially multidisciplinary in terms of at least one 
subject in addition to educational studies.

Depending on the study program, internships are linked to sometimes over-
lapping, sometimes competing objectives. They test the stability of the partic-
ipant’s chosen field of study or profession, provide an opportunity to apply ac-
quired theoretical knowledge or research methods “in the field”, and see whether 
the professional field is a good fit for the participant. In some cases, internships 
also open doors for future employment. In the context of university studies, an 
internship can also prompt further study, career counseling, or – last but not least 

– inspire a topic for a final thesis.
However, internships are not simply meant to open up additional learning 

opportunities for students on a personal level. On a general, societal level they are 
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regarded as an open space for exploration that connects the academic world of 
university study, the academic world of acquiring, producing, and ref lecting new 
knowledge, with the broader contexts outside university: society and culture, the 
system of professions, the world of industry, commerce, and administration, etc. 
This contextualizes internships within discussions about the Third Mission of uni-
versities: the transfer of knowledge and expertise between academic and non-aca-
demic worlds and its transformative role in society. 

The idea of transference can, in principle, be understood through different 
motives: The idea of “transfer” is linked with the outward-looking, socio-critical, 
and innovative tasks of universities (the Third Mission in addition to research and 
teaching). Innovative and critical science should also carry its results and methods 
out – not least through internships – into society, institutions, professions, etc., 
thus putting the idea of science into practice in social responsibility. This under-
standing guided the university reforms and student movements of the 1960s and 
1970s and inspired the current concepts of “service learning” and “citizen science” 
(Angelique 2001; Böhm and Weissköppel 2022; Rieckmann 2015).

During Europe’s Bologna Reform and the conversion of degree programs to 
the bachelor–master system, and in general in the course of a worldwide adaption 
of higher education to neoliberal ideas and practices, a different understanding 
of “transfer” dominated. This understanding focused on a stronger alignment 
between university and student qualification processes and the requirements of 
the professional world – workplaces of both industry and administration (employ-
ability). In this functional understanding, “transfer” means preparing graduates to 
meet the requirements of the target occupational field and rapidly changing labor 
market (Kapareliotis et al. 2019). This approach must be viewed critically, espe-
cially when students only need to meet the demands of their future employers. As 
long as internships are integrated into academic study, students must be able to 
study independently of the necessities and specific demands of later workplaces 
and employers. 

However, the relationship between the critical and functional understanding 
of internships is characterized by a fundamental ambivalence (Weyland and Ter-
hart 2021). When connecting with the two places of learning, namely the univer-
sity and the internship, students are often confronted with conf licting demands 
and expectations from different actors. As a result, if clear and explicit goals are 
not established for the participants, this can lead to role conf licts and also to un-
intended and counterproductive learning effects for some students. In extreme 
cases, a fundamental problem can arise: Students, in their role as interns, may not 
be seen as learners but as a cheap labor force. Therefore, it is of utmost importance 
that university supervisors prepare their students, keep in contact, and support 
them by discussing and evaluating their students’ experiences during and after 
the internship (Myers Kiser 2011; Schweizer and King 2018). 
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This raises the question of who is responsible for planning and organizing in-
ternships in the respective degree programs. If the degree programs are mono-dis-
ciplinary, then each discipline, each subject is responsible for their internships. 
However, the majority of study programs are not mono-disciplinary. Indeed, the 
number of multi-, inter- and transdisciplinary study programs is growing: Who 
organizes, supervises, and evaluates their internships? How can the organization 
of transdisciplinary internships be secured within the discipline-based institu-
tional structure of universities and colleges? What inter- and transdisciplinary 
models exist for, for example, environmental science, health science, educational 
science, sustainability science, and gender studies degree programs? 

And finally: How can students successfully combine, integrate, and transcend 
knowledge from different disciplines and create new transdisciplinary knowledge if 
the discipline representatives themselves have difficulty with or are skeptical about 
transdisciplinarity? (Bain et al. 2019; Gibbs 2015; Pohl et al. 2018; Rieckmann 2015; 
Yeoung 2015). Transdisciplinarity is challenging for academics and researchers,  
more so than for their students. Ultimately, universities must transform and find 
solutions for these theoretical and epistemic problems on organizational and cur-
ricular levels. Some universities establish new working units or institutions (e.g. 
interdisciplinary or transdisciplinary centers) to institutionalize interdisciplinar-
ity and transdisciplinarity (for an overview about international developments see 
Vienni Baptista and Thompson Klein 2022). These new units are explicitly indepen-
dent from the traditional disciplines and faculties, which is both an opportunity 
and a challenge. The centers have to convince the disciplines and groups involved 
(teaching personnel, mentors, administrators, the representatives of relevant fields 
of practice, etc.) about the advantages and specific academic and professional value 
of inter- or transdisciplinary internships to keep all actors “on board”. They must 
also attend to the practical side of the preparation, monitoring, and evaluation of 
their internships to make sure that “everything works”. It is obvious that the rhetoric  
of transdisciplinarity and transformative learning is f lourishing in academic dis-
courses about the future of higher education – but it is doubtful that the reality 
of the various internship programs in higher education is being developed in the 
same way. On this ultimately decisive level, there is still a lot of work to do. 

Debate and criticism

There is a growing body of empirical research that accompanies the various theo-
ries, programs, and concepts on internships in higher education (Gibbs 2015; Kos-
inar et al. 2019; Merz et al. 2014; Ryan et al. 1996). This research focuses on various 
questions: What expectations do students and hosting institutions have of intern-
ships? To what extent do internships achieve their goals? How do different actors 
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evaluate the success of internships? What central learning effects do internships 
have on further academic studies and later professional biographies? Some of the 
central research questions and findings related to internships are presented below. 

Students generally have very high expectations of internships. “Going intern” 
embodies hopes for specific, practical experience – in contrast to what they gain 
from their theoretical courses – and students associate these new practical expe-
riences with personal developmental goals. 

Student satisfaction with internships is high overall. According to a survey 
from the mid-2000s, only 10–13 percent reported being “rather dissatisfied” or 

“not at all satisfied” (Krawietz et al. 2006) and recent studies have returned similar 
results. Medical students in particular rate the supervision of their internships 
very highly (BMBF 2012, survey period 2010; Piedmont and Robra 2015).

The extent to which internships help students transition from the academic to 
the professional world cannot be assessed reliably as many factors contribute to 
a successful career transition and not all graduates launch their careers straight 
after graduation. Nevertheless, research has demonstrated that internships un-
dertaken while studying – especially longer internships in the final phases of the 
degree – combined with good final grades and timely completion do contribute to 
a quick and successful start to a career. Studies have also shown that some funda-
mental personality traits positively impact the transition from study to work (Sar-
cletti 2009; see also Silva et al. 2016) and that internships have a positive impact on 
salary (Margaryan et al. 2019). 

If the curricular, organizational, and personnel conditions are ensured, in-
ternships offer productive learning opportunities to develop and ref lect upon 
academic knowledge, while developing professional competence related to the 
perception, assessment, and practical management of professional situations.

Current forms of implementation in higher education

Changing knowledge and systems within the (academic) professions are ref lected 
in the growing importance of new forms of internship and, more broadly, gaining 
practical and field experience during academic studies. Currently, there is a tenden-
cy towards immense heterogeneity among the developmental statuses and trajecto-
ries of the new kinds of internship. Three main factors have led to these new forms.

(1) New order of disciplines: In addition to continuing the more traditional mo-
no-disciplinary or discipline-adding study programs and their internships, there 
are increasing numbers of interdisciplinary and transdisciplinary forms. These 
forms offer broader access to problem areas of society and the professional world 
that are not typically “sorted” into the classical disciplines (e.g. nutrition, environ-
mental, cultural, sustainability, or midwifery sciences). In these contexts, intern-
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ships have to be organized primarily as communities of practice, as locally inte-
grated bottom-up forms of cooperation between academic and practical worlds 
(Suh and Jensen 2020). 

(2) New biographical pathways: Traditional structures for academic, education-
al, and professional biographies (school or secondary school followed by vocation-
al training, college, or university, graduation, career entry, followed by various 
phases of professional life, and finally retirement) still persist, primarily in the so-
called state professions. However, with increasing modernization and globaliza-
tion, more f lexible biographical patterns and pathways are being sought and re-
alized, alternating between phases of education, renewed education, professional 
work, study, family, further education, career change, and moving up and down 
the career ladder. Living, learning, and working are becoming indistinguishable. 
To meet these growing needs for continuing and further academic education and 
learning, more and more universities are offering “dual forms” of continuous 
learning that are placed in both the academic and vocational worlds (Duncan et 
al. 2017). As another element, universities encourage non-standard students with 
alternative qualifications to take part in continuing training and education.

(3) International internships in the context of post-colonial movements: The conven-
tional practice of conducting international internships to promote the geographi-
cal and cultural mobility of students (see Di Pietro 2022) is challenged by debates 
about a new balance in the relationship between Global North and South. Op-
portunities to participate in international placements are unequally distributed 
worldwide. The support for students from the “Global South” needs to be expand-
ed and must be organized in a non-patriarchal way. The development of (inter)
cultural competences can only succeed if a participatory approach is pursued 
(Lambert Snodgrass et al. 2021; Fortune et al. 2019).

In light of these complex developments, the classic internship, a specific pe-
riod in the course of studies that students experience as “something special”, is 
being phased out. Meanwhile, constant changes between different forms of learn-
ing, places of learning, and learning rhythms are increasingly observable in pro-
cesses of education and training. The modern media and knowledge professions 
are stimulating and accelerating the still traditionally determined academic and 
non-academic professional and educational biographies. This is likely to affect the 
didactic design of and access to internships further.
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Knowledge Transfer

Alhassan Yakubu Alhassan and Alexander Ruser

Definition

Despite its ubiquity, the term knowledge transfer lacks a clear and agreed-upon 
definition. Broadly speaking, it refers to the diffusion of knowledge as a “process 
of communicating research, innovations and knowledge to individuals, groups or 
organizations” (Thompson et al. 2006, 91). The etymological roots of the term are 
both Greek and Latin. Knowledge refers to the ancient Greek γνῶσις (gnōsis), which 
meant knowing through observation or experience. Transfer consists of the two 
Latin words trans, which means “across” or “beyond”, and the verb ferre, which 
stands for “to bear” or “to carry, to bring” (Lewis and Short 2020, 428 and 1097). 
The literal translation refers to an activity of carrying knowledge between and be-
yond the places where it is produced. 

The term knowledge transfer evades a clear-cut definition as neither the bound-
aries that knowledge has to cross nor the pathways along which knowledge can 
be “moved” are clearly defined. Naïve depictions of knowledge portray it as a kind 
of weightless entity that – in contrast to goods – can transgress physical and 
ideological boundaries and thus improve people’s lives. Such romantic concep-
tions fail to acknowledge power imbalances and hierarchies within science and 
between science and societies, which pose considerable obstacles to transferring 
knowledge (Ruser 2021a). 

Knowledge transfer can occur within scientific communities as the exchange 
of research findings, methodological innovation and theoretical debate, or the 
transmission of knowledge between researchers and distinct political, social, or 
economic environments. In the first case, knowledge transfer is an essential as-
pect of inter- or transdisciplinary research. In the latter case, it is addressed as 
the cornerstone of the universities’ Third Mission, which is the “generation, use, ap-
plication and exploitation of knowledge and other university capabilities outside 
academic environments” (Molas-Gallart et al. 2002, iii).

Analytically, functional and normative approaches to knowledge transfer can 
be distinguished (Ruser 2021b). Functional approaches tend to emphasize the im-
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portance of rules for transmitting knowledge, the significance of curricula and 
the need to agree upon standards. Functional approaches regard the transfer 
of knowledge within and beyond academia as an indispensable prerequisite for 
maintaining, controlling, and advancing knowledge. Accordingly, the transfer 
of knowledge needs to be organized in ways that allow for the dissemination of 
knowledge between places and across generations to guarantee the best applica-
tion of available knowledge and the further advancement of that knowledge.

Normative approaches emphasize the importance of sharing and advancing 
knowledge as a basic human need. While scholarly thought tended to root this 
human need in ideas of European enlightenment, frequently invoking Immanuel 
Kant’s call to emerge from “self-imposed immaturity” (Kant 2009, 1), more recent-
ly, the acknowledgment of the significance of non-Western and indigenous knowl-
edge has gained importance (Adeyeye 2019; Al-Roubaie 2010).

In modern “knowledge societies” (Stehr 1994), knowledge is increasingly de-
picted as essential for economic growth and social and political inclusion. Con-
sequentially, training and research facilities such as schools and universities 
become crucial determinants for a society’s ability to remain competitive and de-
velop knowledge-based and knowledge-driven economies. Likewise, more recent 
research has identified knowledge as an essential driving force of development 
while pointing out that low-income countries in the Global South, particularly 
in sub-Saharan Africa, struggle to put their domestic universities in a position 
to contribute to national development (Kruss et al. 2012). This apparent failure 
of transferring knowledge from the laboratories, academic hallways, and lecture 
theatres to broader society cannot be reduced to a lack of resources but often in-
dicates a more general mismatch between academia and society (Kruss et al. 2012, 
523–24), a lack of interaction or understanding between scientific and non-scien-
tific communities. 

Background 

How can and how should knowledge be transferred? These questions have been 
a primary concern for centuries and has led to the development of specialized 
institutions and distinct social rules for how and to whom knowledge should be 
transferred. Moreover, the transfer of knowledge poses technical challenges and 
is inherently political. Current debates about the role of scientific and technical 
knowledge in transforming economies and societies, for instance, are implicitly 
or explicitly rooted in a Western understanding of scientific research. Likewise, 
the politics of enabling knowledge transfer – for instance, the “modernization” of 
curricula, the strengthening of relations between academic research or teaching 
and the wider society, and the encouragement of private–public partnerships to 
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foster the co-creation of knowledge and life-long learning – are more often than 
not modeled after European or North American practices. The dominance of he-
gemonic, Western “specific forms of knowledge and knowledge production” (Oko-
lie 2003, 235) and their impact on higher education and science politics in devel-
oping countries have increasingly drawn criticism from scholars from the Global 
South. Moreover, knowledge transfer and the “scholars, intellectuals, experts, 
and researchers implicated in the universalization of the dominant Euro-Amer-
ican knowledge” (Okolie 2003, 236) have been identified as important sources for 
the perpetuation of global power imbalances (Connell et al. 2017; Noda 2020). 

Debate and criticism

Current debates about and criticism of the dominant understanding of knowl-
edge transfer begin to touch upon the inherent power imbalances and criticize 
the dominance of specific cultural understanding of both critical terms, knowledge 
and transfer. 

It is fruitful to make an analytical distinction between the three critical di-
mensions around which the debates evolve in order to better understand what 
drives current debate and to disentangle political and structural aspects of it. 
Moreover, such a systematization allows differentiation between three distinct 
thresholds knowledge must cross to transfer. This theoretical distinction enables 
a differentiated debate about how technical and cultural factors relate and how 
they contribute to or hinder distinct types of knowledge transfer. 

 As displayed in Figure 1, the analytical model distinguishes between three 
different conceptualizations of knowledge transfers. First, it can be understood 
as an instrumental and technical problem. Second, it can pose an epistemological 
and empirical challenge or, thirdly, it can be approached as mainly a ref lexive and 
hierarchical task. 

Figure 1: Categories of knowledge transfer. Source: Ruser 2021b, 410.
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The instrumental and technical perspective focuses on transfer problems between 
“science” and “practice”. It thus directly follows the demarcation of scientific 
knowledge production from other areas of society, such as commercial research 
and development activities or analyses conducted by governments or NGOs. 
Moreover, the underlying understanding of science implicitly ref lects Robert 
Merton’s understanding of a scientific ethos made up of four overarching norms: 
universalism, communality, disinterestedness, and organized skepticism (Mer-
ton 1973, 270). The normative structure of science, however, ref lects the historical 
developments and value judgments that led to the emergence of Western science. 

Consequentially, transfer issues have been located in and explained by discrep-
ancies between these core values of the scientific ethos and normative concepts pre-
dominant in the surrounding societies. The organized skepticism of scientists, for 
instance, was (and is) at odds with religious convictions which are based on absolute, 
eternal truths. Accordingly, transferring scientific knowledge (for instance, about 
the origin and evolution of species) runs into obstacles when the receivers of the 
transfer hold contradictory beliefs (for instance, Christian ideas of God’s creation). 

Subsequently, the impact of transferred knowledge is conceptualized as a lin-
ear relation in which science transforms established practices. The in-principle 
compatibility between scientific insights (new knowledge) and social practices 
(sedimented knowledge) is assumed. Accordingly, prime examples of this per-
spective of knowledge transfer problems include questions of how to improve so-
cial organization, implement scientific findings into practice, to professionalize 
science communication further, or to establish executive education courses to 
shorten the time lag between “discovery” and “application”. 

The second epistemological and empirical perspective focuses on transfer 
problems within academia and scientific communities. The primary transfer are-
na is between scientific discipline and research fields, with “translation problems” 
posing the most important practical questions. In this interdisciplinary under-
standing, the main challenge is to guarantee or sustain the mutual ability of con-
tributors from different disciplines and backgrounds to connect and collaborate. 
Solutions to these – often considerable – challenges are believed to depend on 
reforms in the academic context of knowledge production. Institutional reform 
to break down the silos of academic disciplines and the encouragement of new 
interdisciplinary thinking within academic communities are often seen as crucial 
components in overcoming translation problems (Townsend et al. 2015). 

However, such perspectives can be criticized on two grounds – first, their 
neglect of historical developments and traditions in science. The establishment 
of disciplinary boundaries was an achievement in the development of modern 
universities and ref lected a certain degree of definitional sovereignty of the re-
spective field of research. Moreover, it also expresses the claim to autonomy con-
cerning the transmission of knowledge. The canonization of classical theories, ac-
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cepted methods, and central questions was key for the formation of disciplinary 
scientific communities since it allowed for establishing rules and agreed-upon 
regulations about what newcomers to the discipline had to learn, which knowl-
edge they had to command, and what exams they had to pass in order to become 
an accepted member of the respective community (Stichweh 1992).

The second criticism focuses on the lack of awareness of the cultural distinc-
tiveness of the premises of interdisciplinary knowledge transfer. The depiction of 
the emergence of academic disciplines as an indicator of increasingly differentiat-
ed scientific autonomy is plausible for the educational systems in Central Europe-
an and North American countries. In many developing countries, educational sys-
tems were modeled after the examples of former colonial overlords, thus ref lecting 
the academic understanding, rules, and agreed-upon regulations of others. 

For universities in the Global South, current calls for more interdisciplinary 
research (Townsend et al. 2015) and learning as a form of more efficient knowl-
edge sharing within academic contexts thus represents a double-edged sword. 
Universities in developing countries are still striving to establish binding norms 
of academic freedom and disciplinary autonomy that correspond with local rather 
than colonial ideals of organizing higher education and research. International 
calls for rearranging disciplinary context to improve knowledge transfer are thus 
not seen as “some neutral, apolitical technical” (Tabulawa 2017, 13) invitation to 
reform domestic higher education systems but as an expression of a more com-
prehensive neoliberal agenda to globalize a narrow, instrumental understanding 
of knowledge and its transfer (Tabulawa 2017).

From this perspective, knowledge transfer is rooted in the idea that disci-
plinary boundaries can be overcome, and new forms of scientific research and 
innovative new academic practices can be established (Mittelstraß 1987, 2005, 
19). A crucial aspect of breaking down disciplinary barriers and establishing new 
practices is the emphasis on the ref lexive character of knowledge transfer. Trans-
disciplinary thinking cannot be limited to scientific communities. As the bound-
aries between scientific disciplines fade, the distinction between academic and 
non-academic scientific knowledge production becomes more blurred, as does 
the differentiation between knowledge production and knowledge transfer itself. 

This last depiction might be the most promising for catching the intricacies 
and particularities of knowledge transfer challenges in non-Western and post-
colonial contexts: Drawing on debates about “post-normal science” (Ravetz 1999, 
647), scientific knowledge is conceived as “deeply enmeshed” in social debates 
(Ravetz 1999, 647) and thus a ref lection of distinct cultural, political, and histor-
ical circumstances. Accordingly, and in sharp contrast to the first reading of the 
transfer problem, transferring scientific knowledge cannot be compared to ship-
ping a fixed and finished product of a research process. Knowledge transfer is in-
stead depicted as a process of mutual, collaborative exchange, the fabrication of 
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agreed-upon ways of conceptualizing problems and sense-making. Accordingly, 
the demarcation between scientific and non-scientific agents of knowledge pro-
duction, producers and receivers of knowledge, and the distinction between sci-
entific research and lived practices loses importance. 

Current forms of implementation in higher education

Transferring knowledge takes place in specific contexts and, as outlined above, 
requires access to target groups and a way of breaking down knowledge to make 
it accessible. Respective projects in the Global South face peculiar, additional hur-
dles since educational systems often retain colonial heteronomy characteristics. 
Intended to serve the interests of colonial masters, education systems in large 
parts of Africa were designed to train office assistants who would help in the op-
erations of the colonial administration. However, in a limited sense, knowledge 
transfer was at the center of such other-directed educational institutions, as ed-
ucated locals were trained to act as translators between the administration and 
indigenous groups or to serve as clerks for bookkeeping and general upkeep of 
colonial offices. 

These historical roots create severe problems for knowledge transfer today. 
First, the narrow orientation and lack of independent development of disciplinary 
self-images create a mismatch between curricula – which are still borrowed from 
former colonial powers and the current domestic economic and social needs. For 
example, in Ghana, despite a large number of university graduates, many com-
panies recruit foreign labor to fill certain positions where there is a lack of local 
expertise. Likewise, the peculiar relationship between academic research, high-
er education, and praxis and the lack of independent, emancipatory disciplinary 
development (Nukunya 2003) continue to hamper knowledge transfer. To over-
come these obstacles to transferring academic knowledge into practice, impor- 
tant research initiatives have started to explore the impact of social networks on 
knowledge transmission and how graduates find jobs and inject their knowledge 
into local communities (Dwumah et al. 2018). Moreover, Yang (2018) points out that 
higher education in East Asia was not only based on Western knowledge for one 
and a half centuries but is still analyzed and understood through the lens of West-
ern concepts, thus creating a disconnect from local, traditional schools of thought, 
which in turn limits the exchange of knowledge and knowledge-based practices. 

In addition, the instrumental understanding of academic knowledge as a crit-
ical tool to solve specific domestic problems increasingly shapes the expectations 
towards social science research. Thus, scholars orient their research agendas to ad-
dress concrete political problems such as the “chieftaincy crisis in Northern Ghana” 
(Anamzoya and Tonah 2016, 255) and offer practical solutions. A similar bias for 
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practical problem solving in shaping national research and educational priorities 
in the social sciences can be found in India, China, and Brazil (Gupta et al. 2009).

Despite many difficulties, initiatives to transfer knowledge from universities 
to the praxis, such as “Third Trimester Field Practice”, established in 1993 at the 
University for Development Studies in Ghana (Abonyi 2016), facilitate interdis-
ciplinary research on the transfer of academic knowledge into local communi-
ties. Sharing the same instrumental and technical understanding of knowledge 
transfer as Third Trimester Field Practice, universities in the Global South adopt 

“executive education” schemes. Modeled after American and European business 
schools, these programs aim to professionalize management and business lead-
ership by providing uniform knowledge packages and standards developed in the 
Global North and distributing them to domestic contexts (Amdam 2019). More-
over, recent work points to the potential of rediscovering research and knowledge 
transfer traditions in Latin America which are based on the eradication of the dis-
tinction between researchers and researched and can thus widen our understand-
ing of ref lexive knowledge transfers (Lomeli et al. 2018).

Attempts to overcome epistemological and empirical divisions include the facil-
itation of inter- and transdisciplinary learning. Unlike many Western universities, 
some higher education institutions in the Global South, such as the Kwame Nkru-
mah University of Science and Technology, have adopted a system of interdepart-
mental collaboration (Simpson et al. 2008) in the form of so-called “service courses” 
where different departments introduce students to the basics of their respective 
fields. The aim is to bridge disciplinary boundaries and find ways to combine differ-
ent subjects to make university education more relevant to the local context. How-
ever, because of the instrumental character of cross-departmental collaboration 
and since disciplines lack the opportunity to develop strong national identities and 
a domestic canon of social science knowledge, these attempts run the risk of falling 
short of achieving transdisciplinary knowledge production and transfer. 

Examples of open science and co-production approaches to knowledge trans-
fer in the global south include the implementation of scenario workshops to iden-
tify future challenges (Sagasti 2004) and the implementation of living labs, in 
South Africa (Coetzee et al. 2012) and Indonesia (Supangkat et al. 2020) for in-
stance, to facilitate development and transition to smart cities. However, research 
on participatory models for knowledge transfer reveals that Western models can-
not simply be transferred to different national or cultural contexts. Living labs, as 
concrete didactical methods for bringing people together, e.g. in South Africa not 
only have “characteristics unique to the context in which they operate” (Coetzee 
et al. 2012, 23) but at times violate cultural practices for selecting stakeholders, 
contradict established norms of knowledge sharing, and thus require a more thor-
ough investigation of the very meaning of knowledge transfer or co-production in 
non-Western environments (Coetzee et al. 2012, 25). 
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The application and the spread of modes and models for transferring knowledge 
within disciplinary contexts and between science and society tell us very little about 
the actual content, contexts, and impact of the knowledge transfer. Therefore, an in-
ternational perspective in knowledge transfer requires not considering contextual 
factors – such as economic and institutional limitations of educational organiza-
tions in the Global South – but taking different, diverging, and potentially conf lict-
ing cultural understandings of knowledge and transfer seriously.
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Learning in Transformation

Isa Jahnke and Johannes Wildt 

Definition

The noun transformation was first mentioned as verb to transform in the mid-14th 
century and means “change the form of” (transitive), from Old French transformer 
(14th century), from Latin transformare “change in shape, metamorphose”, from 
trans “across, beyond” and formare “to form” that relates to the meaning of “under-
going a change of form” (Harper 2023). 

Learning in transformation (in short: transformative learning) appears as a novel 
form of teaching and learning in higher education that is transdisciplinary and 
provides conditions and opportunities for investigating and shaping learning 
through the participation of the learners in transformation processes in work and 
society. From this viewpoint, learning is embedded in processes of societal trans-
formation that are also situations in which meaning-making (learning) occurs. As 
such, the theory of meaningful learning (Howland et al. 2012), including digital 
technologies, seems appropriate. 

The meaning of the term transformative learning is derived from scientific lin-
guistic usage. For example, in natural science or technology, the term transformer 
(English) is used to describe an apparatus which converts kinetic energy into elec-
trical energy. Here, transformation means change as a transition into a new form 
(of energy). In medicine, transformation refers to the conversion of a healthy cell 
into a malignant cancer cell. Transformation processes in the behavioral or social 
sciences are characterized by transitions of individual or social actors in which the 
actors change themselves in the transformations. For example, the invention of the 
printing press and the introduction of money led to behavioral changes in society.

In higher education, transformative learning is a learning process in which 
students use scientific knowledge to solve problems outside of school while work-
ing with people outside the university. While doing so, they use the scientific 
knowledge they learned in the context of higher education, then decontextualize 
that knowledge (from the setting in which they learned it) and recontextualize it 
(to apply and develop in the setting in which they are now working). This learning 
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experience is a process of transformation. In addition, transformative learning is 
not just a learning design approach. Instead, it becomes part of a transformation 
process itself; thus, learning itself becomes the object of transformation processes. 

A difference between what is presented in this chapter and Mezirow’s (1991) 
original understanding of transformative learning is that while Mezirow looks at 
the individual process of learning, learning in transformation is based, theoretically, 
on social learning. This approach views all forms of learning as social; learning 
only occurs if it is linked to a social dimension, such as a community or society in 
which learners experience themselves as participants, either physically or online. 
The synthesis of psychological and societal aspects makes learning in transforma-
tion an interdisciplinary task. As this task is oriented towards practical problem 
solving and, therefore, receives its scientific structure, it detaches itself from the 
disciplinary order and becomes the concept of transdisciplinary learning. 

Background 

The concept of transformative learning cannot be understood without understand-
ing the historical roots of both (a) transformative learning by Mezirow (1991) and 
(b) transformation processes in societies. Both concepts were developed inde-
pendently of one another. From a behavioral or social science perspective, the path 
to understand transformative learning leads back to Polanyi (1944). For Polanyi, 
the collapse of the global economic and social system at the end of World War II 
was followed by the Great Transformation, a complete reorganization of the global 
economic and social system. 

After the collapse of the Soviet Union (and in later comparable upheavals 
in Latin America, Asia, and Africa), political and social scientists described the 
transformation of post-Soviet states into democratic societies with capitalist eco-
nomic systems as societies in transition (Merritt 1980). To capture the specifics of 
this systemic change, Kollmorgen et al. (2015) distinguish transformation from 
other forms of social change. They recognize evolutionary adaptations of social 
systems and changes in their environment as forms of revolutions (which are usu-
ally disruptive but not necessarily violent), which refer to planned and controlled 
changes within social systems that serve the system’s functionality. Transforma-
tions, however, involve fundamental changes in the systems themselves.

Currently, the understanding of the term transformation includes the view of 
socio-ecological transformation, such as the worldwide movement for sustainable 
development (UNESCO 2017). A widespread agreement is that such ambitious 
goals cannot be achieved without the participation of the actors involved or affect-
ed. Interaction of groups in socio-ecological transformation projects are needed 
(in education, politics, business, churches, civil society, and science). Higher edu-
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cation is one relevant actor in this process of transformation, where teaching and 
learning must leave the wall of the ivory tower and enter professional and social 
practices (“transformative turn”, Wildt 2022, 201–2). While science (and in this 
context research-based learning) is still at the center of all teaching and learn-
ing activities driving transformative learning, working on real-world problems 
creates opportunities that go beyond the possibilities of traditional learning (e.g. 
Rein and Wildt 2022). These opportunities lie in students learning through partic-
ipation in planned collaboration with involved or affected groups of diverse actors 
in professional or societal practice. 

Hence, transformative learning involves a shift in learning that goes beyond 
the traditional classroom setting, and involves engaging with real-world problems, 
perspectives, actions, and interests outside of the university. This type of change 
is facilitated by actors beyond the university who challenge students to move away 
from passive learning and instead immerse themselves in authentic experiences 
that foster deeper understanding and growth. In other words, transformative 
learning is an approach that takes students from dryland swimming and immers-
es them in the dynamic, multifaceted world of applied knowledge. This type of 
learning will encourage students to learn to decontextualize scientific knowledge 
acquired at academic institutions and then recontextualize it in outside fields.

Furthermore, transformative learning started in the field of adult educa-
tion (Mezirow 1991). Until then, education had been predominantly directed to-
ward the continuation of determined learning paths based on earlier phases of 
life. Instead, Mezirow paved the way toward lifelong learning that made room 
for deep shifts in career biographies and lifestyles. For higher education, this un-
derstanding of transformative learning is particularly relevant because it creates 
possibilities and opportunities for connecting conventional concepts of learning 
with newer concepts such as education through science. In an international com-
parison of 100 member universities of the European University Association, study 
programs were compared to show how the focus on transformative learning can 
be integrated into the development of study programs as a learning goal related 
to employability (professional relevance) and citizenship (social relevance). Recent 
reports (Jankowki 2022; Wagenaar 2022) show that these development tasks are 
also on the agenda today. However, this requires teaching and learning concepts 
that support a kind of student autonomy in the sense of a “shift from teaching to 
learning” (Barr and Tagg 1995). Meanwhile, in the United States, universities have 
agreed on standards for recognizing relevant achievements such as service learn-
ing also known as community-related learning (Jankowski 2022).

Finally, transformative learning has its roots in active, meaningful, and situ-
ated learning (Fry et al. 2003), which has been further developed by Howland et 
al. (2012). Active, meaningful learning is an umbrella term referring to a group 
of pedagogical strategies that the instructor applies to help students engage and 
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learn. Its premise is that learners do not learn because the instructor performs 
an activity, but learners learn through their own activity and ref lections through 
facilitating the learner’s interaction with the course material and with peers. Ac-
tive learning contrasts traditional methods where students are rather passive, 
tending to listen, read, or watch something (e.g. lectures). Research has shown 
that active learning increases learning outcomes and improves learning perfor-
mance, grades, and higher order competencies (Deslauriers et al. 2019; Freeman et 
al. 2014). Transformative learning is a type of active learning that takes places in 
a collaborative learning environment where practical contexts (situated learning) 
facilitate a community of practice (Lave and Wenger 1991). 

Debate and criticism

The development of a transformative learning approach is still in its infancy. How-
ever, it can be argued that it is becoming apparent that the approach faces issues. 

Epistemological issue: With the crossing of borders from university into prac-
tice, students run the risk of getting into normative conf licts between options for 
action and interests in truth, and disregarding the different logics between scien-
tific and practical contexts. However, transformative learning has the potential 
to help people develop better solutions to problems, and thus keep people from 
holding onto inadequate solutions. In the long run, no one is served by (false) le-
gitimation and, for students, the (possible) experience of a conf lict between scien-
tific truth and practical interests is a unique chance to ref lect on epistemological 
differences between scientific theories and methods, or tensions between funda-
mental and applied research.

Self-regulation issue: Transformative learning raises questions about the extent 
of self-regulation of student groups. It does not reduce the responsibility of teach-
ing or facilitating learning but requires new skills and competencies of teachers 
(e.g. coaching, supporting structures, providing feedback). Furthermore, trans-
formative learning also reveals the education paradox: The learner needs autonomy 
for doing such projects, but regular courses with clear instructions often do not 
offer any student autonomy. The paradox is that in the learning process a space for 
learner autonomy must be created, which is not yet present, but which can only be 
achieved through the learning process. 

VUCA (volatility, uncertainty, complexity, and ambiguity) conditions: One advan-
tage of higher education institutions is the creation of stable learning conditions 
(e.g. rooms, resources, teaching staff, curricula, examination requirements). All 
this can be difficult to achieve in the field outside the university. These uncertain 
conditions create the need for improvisation. For instance, the university should 
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provide support by assuming the costs of teaching materials, room rentals, travel 
expenses, teaching staff, and appropriate exam formats. 

Communication and interaction issues: Experiences and practices of knowledge 
sharing are needed in transformative learning. However, students, who go into 
the field and encounter non-scientific practitioners, are typically not used to com-
municating their scientific knowledge. Therefore, they must be provided with op-
portunities for ref lection in scientific writing and oral communication. 

Digitalization issues: Digital or technology-enhanced environments in educa-
tional institutions provide various methods of digital communication which may 
not be fit for transformative learning. For example, students are challenged to en-
gage in a variety of digitally enhanced cultural practices and thus have to learn 
to communicate in these spaces. Usually, the university provides the framework, 
but outside the university, different stakeholders have different tools or practices. 
Thus, the challenge for students is to create a communicative environment for all 
participants. 

Current forms of implementation in higher education

In transformative learning, concepts of traditional teaching and learning prac-
tices grow together in a new design under continuously changing contexts. In (1) 
project-based learning, students conduct research-based projects. Project-based 
learning can be seen as a direct precursor to transformative learning concepts due 
to the integration of practical and research-based learning. Project-based learning 
can become transformative learning in higher education only when the projects 
are based on scientific knowledge and are being conducted together with stake-
holders outside the university to solve a real-world issue (Wildt 2021).

Close to the concept of project-based learning is (2) problem-based learning. In 
this type of learning, students solve predefined problems set by the instructor. 
Like project-based learning, it has developed in practical contexts, solving prob-
lems that arise there (e.g. medicine, where the ability to solve problems is expect-
ed). It differs from project-based learning in the narrower definition of the tasks, 
distinctive structuring of learning, and the standardization of problem-solving 
procedures (Gibson 2005). However, the choice toward one or the other depends 
on the intended learning outcomes. Problem-based learning becomes transfor-
mative learning in higher education only when the problems are open-ended 
and the answers are not known, when it is related to real-world issues, and when 
learners are solving the problems along with stakeholders outside the university.

(3) Research-based or inquiry-based learning integrates learning activities into a 
research process that ideally ranges from the development of the research ques-
tion to the theoretical and methodological elaboration of the research process 
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to the presentation and communication of the results (Jenkins and Healey 2011). 
Its potential toward transformative learning only unfolds when educational set-
tings and students are connected with actors outside the university (Schneider 
and Wildt 2002). Research-based learning only becomes transformative learning 
when the research projects being conducted are linked with real-world problems 
and students work together with stakeholders outside the university. 

(4) Service learning includes sociocultural engagement of students, especially in 
regional or communal initiatives, and becomes transformative learning in higher 
education only in connection with research and science.

(5) Living labs are open or public spaces designated to test innovative practice. 
They can also function as learning spaces suitable for transformative learning.

(6) Simulation: Transformation-relevant topics can also be offered in lectures, 
seminars, and tutorials, and thus can prepare students for non-academic con-
texts. One option is simulation, which allows students to learn in a protected space 
without any real-life consequences. In medicine, for example, simulations are ap-
plied in the use of actors as patients, virtual doctor’s offices, or hospital wards in 
the medical clinic. Other examples include case studies at the Harvard Business 
School, business games in economics, and simulated court cases. Furthermore, 
virtual spaces open unexploited possibilities for a transformative learning design 
(e.g. online or remote labs in engineering education to teach sustainability in 
product design, augmented or virtual reality simulation with immersive learning 
experiences). 

In summary, such learning formats can support transformative learning by 
slightly revising those learning designs, adding real-world problems for which the 
answers are not known, and providing opportunities for collaboration with stake-
holders outside the university. Transformative learning in higher education has 
expanded considerably through digital options, while teaching and learning in 
person limits the potential of transformative learning. For example, the design of 
transformative learning experience with digital technologies, with consideration 
of user experience research, opens wide-ranging possibilities for communication 
and interaction in transformative learning projects. 

Learning experience design is built on the concept of active learning through 
technological support. It is one possible way to design for transformative learn-
ing experiences in digital environments and evaluate the quality of such designs 
(Schmidt et al. 2020). Learning experience design emerged from the field of in-
structional design and educational technologies. It focuses on the idea that tra-
ditional instructional design or learning design lacks the design for enjoyable or 
memorable experiences (Jahnke 2023). When adding the viewpoint of experiences, 
a design also ensures students experience something special, something they will 
not forget, or something that leaves an impression on them. This is memorable expe-
rience, which is typically connected with a positive emotion (Pekrun 2014). To en-
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able such positive learning experiences, methods from user experience research 
can be applied to digital transformative learning. However, contemporary user 
experience methods do not sufficiently tackle the issues of the learner’s inter-
action with the pedagogical design, the sociocultural dimension, and the diver-
sity of learners (Jahnke 2023). Therefore, the design and development of digital 
transformative learning focuses on three dimensions of experiences: technologi-
cal, pedagogical, and social (Jahnke et al. 2020). These three dimensions combine 
in what is called sociotechnical-pedagogical experience, which embraces social 
presence, shaping roles and interactions in social relationships so that learners 
recognize themselves as a community of learners in a digital context. The element 
of roles alerts the learning designer that teachers should actively design a role 
shift away from the I-present-myself-and-my-knowledge role to the what-can-I-
do-for-you role, so that learning is experienced positively and individual learners 
are supported individually. The challenge of transformative learning is to include 
such role structures.

In conclusion, transformative learning, defined as learning in contexts of 
collaboration with professional and societal actors and supported via digital 
environments, needs specific conditions to be successful. It offers students an 
opportunity to solve open-ended, real-world problems that are complex and for 
which the answer is not yet known (Fischer et al. 2022). That includes consider-
ing how to support students in developing competencies so they can learn how 
to decontextualize and recontextualize scientific knowledge in different contexts 
both within and outside of higher education. Furthermore, digitally supported 
environments for transformative learning should allow for a variety of conditions, 
tools, and apps that may be embedded in a digital learning ecology, which suits 
both the demands of higher education institutions and the involved groups out-
side higher education. Educators need to be trained to apply transformative learn-
ing. It requires a mindset shift away from traditional teaching to the new roles of 
the designer of learning processes, including coaching, consulting, and learning 
companion. 

Additionally, students also need training to become active agents (Deslauriers 
et al. 2019). Therefore, higher education institutions may offer workshops covering 
project management or solving conf lict in teams, for example. The kind of skills 
needed during transformative learning need to be explicitly communicated. Trans-
formative learning requires certain conditions to establish and promote cultures 
of participation, to build a learning community where all students feel a sense of 
belonging, to include diverse group of learners, and to support equity. It also must 
include the chance to develop skills needed in professional and societal contexts. 

By examining the development of transformative learning over time and by 
observing the success it has produced, the need to further explore and implement 
this kind of learning is evident. Universities, foundations, and governmental 
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and political institutions have the duty to lead with more research and develop-
ment programs, along with necessary funding, to explore transformative learn-
ing. More evidence is needed, specifically empirical data on the effectiveness and 
efficiency of transformative learning designs in use. Such evidence can provide 
necessary recommendations on how to apply transformative learning and to ask 
what works, and, more specifically, how it works. In such a vein, we argue for an 
iterative research-to-improve program (see details in Honebein and Reigeluth 2021) 
for further development of evidence-informed transformative learning.
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Definition

The Living Lab(oratory) inspires as a notion, a setting, and a methodology encour-
aging participatory approaches to the co-production of knowledge for innovation 
and transformation. Etymologically, the term refers to a place or space for work 
and exertion (lat. lăbor) where things are made, prepared, or strived for (lat. lăbōro), 
and that is lively (lat. vivus) or alive (Lewis and Short 2020, 594, 1146). While alche-
mist Thomas Knight has been accredited with coining the term Living Laboratory 
in 1749 as a metaphor for the human body, the term eventually became used for 
research and open innovation processes in real-life or lifelike settings, initially in 
the context of psychological research on viewers’ reactions to television commer-
cials (Leminen and Westerlund 2019, 254). Nowadays, the diversity in projects, pro-
grams, and institutions called Living Lab indicates that “the term ‘living lab’ is at 
risk of becoming a buzzword in the innovation domain because it lacks a consistent 
or commonly accepted definition” (Leminen 2015, 29). While the range and amount 
of projects, programs, and institutions called Living Lab continue to increase, a 
number of characteristics commonly shared by Living Labs has been identified: (1) 
a transdisciplinary approach to research and knowledge creation; (2) an iterative, 
experimental design committed to learning and ref lexivity; (3) a long-term orien-
tation towards societal transformation and an accompanying interest in transfer-
ability or scalability; (4) a focus on a real-life environment (Compagnucci et al. 2021).

In 2015, the German term Reallabor (Real-world Laboratory) was coined to de-
marcate spaces for transdisciplinary real-life experimentation towards sustain-
ability from the mostly technology-driven living labs (Schäpke et al. 2015). By now, 
both terms relate to a broad range of real-life experimentation in transdisciplinary 
settings but a rough distinction can be made between Living Labs focusing on the 
optimization and application or implementation of innovative technologies and 
Living Labs engaging non-academic actors in participatory processes for sustain-
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ability transformations. Other commonly used terms for the later types of initia-
tives include Urban (Living) Lab or Transition Lab.

The focus on learning and iterative experimentation in all types of Living Labs 
suggests a recognition of the complexity characterizing the challenges that soci- 
eties are currently facing. This complexity also poses a challenge to the education-
al system that is institutionalized and oftentimes remains organized by scientific 
disciplines. The remainder of this chapter examines opportunities for transdisci-
plinary learning garnered through the use of Living Labs for educational purposes.

Background

Historically, Living Labs have always been concerned with interaction – between 
individual actors, (potentially viewed as representatives of) relevant stakeholder 
groups, and certain stimuli, tests, experiments, or interventions in a particular 
setting. Since transformation has emerged as the order of the day and digitali-
zation and sustainability are pursued with increased urgency, spaces for collabo-
rative experimentation, learning, and development appear out of sheer necessity. 
In this context, Living Labs can function as an infrastructure (Schneidewind et 
al. 2018) for transdisciplinary experimentation towards societal transformation.

In the 1990s, Living Labs emerged in human–computer interaction research as 
physical places. Around the same time, Living Labs appeared as innovation spaces 
in the form of multi-stakeholder processes tackling complex problems in local set-
tings (Leminen and Westerlund 2019, 254). This dual application and development 
of the concept continues until today. For instance, transformation researchers 
from diverse disciplinary backgrounds are co-designing Living Labs as catalysts 
for sustainable living, urban design or regional development in collaboration with 
local, regional, national, or international stakeholders (Hahne 2019; Matschoss et 
al. 2021). Likewise, IT specialists and engineers in academia, business, and indus-
try, often supported by professional associations and policymakers, collaborate in 
Living Labs to improve human–computer interaction (Alavi et al. 2020) and oth-
er issues related to technological innovation. This type of Living Lab is primarily 
concerned with application, implementation, and marketization. Occasionally, for 
example on open days, it may be used for the purpose of science communication. 
In other words, the two most easily differentiable types of Living Lab are those 
addressing challenges pertaining to technological innovation to pave the way for 
wide-scale use, and those addressing societal challenges pertaining to sustainable 
development. Both types seek to explore possible future developmental pathways.

A significant part of the state-of-the-art literature on Living Labs is concerned 
with institutional, procedural, or methodological success factors (Bergmann et 
al. 2021) or with categorizing Living Labs based on literature reviews (Alavi et 
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al. 2020; Compagnucci et al. 2021; Hossain et al. 2019) or empirical research. At-
tempts at classifying empirical examples of Living Labs focus, for example, on 
research aims, varying degrees of transdisciplinarity and resulting stakeholder 
constellations (Backhaus et al. 2022) or on objectives such as “commercialisation 
(1), research (2), teaching and qualification (3), ideation (4), integration of societal 
actors (5) and sustainable development (6)” (Held et al. 2022, ii). Typically, Living 
Labs serve more than one objective. 

Debate and criticism

Heralded as platforms for open and participatory innovation, Living Labs repre-
sent sites of power struggles between hegemonic incumbents and advocates of al-
ternative strategies for technological innovation and social transformation (Stir-
ling 2008, 264). Current debates revolve around the questions of how justice and 
fairness may be served and how democracy may be preserved or even strength-
ened through transdisciplinary research and learning. Criticism regarding in-
sufficient participation and ref lexivity recurringly erupts at familiar fault lines, 
many of which also run between scientific disciplines. Living Labs thus present 
opportunities for the transdisciplinary exploration of problems and participatory 
experimentation with solutions. Or they may provide the backdrop for practicing 

“solutionism” (Morozov 2014). Where a particular Living Lab falls on the spectrum 
between transdisciplinary learning, on the one end, and the pursuit of pathways 
predefined by select actors or groups, on the other, depends on procedural aspects 
(such as who is involved in decision-making, when and how) and on the social con-
struction of boundaries around the stakeholders involved, problems addressed, 
and solutions considered. While some consider this an issue of innovation and ex-
pectation management, others view it as a fundamental issue in technology R&D 
and research policy (Grunwald 2019, 36–42).

Regarding different modes or levels of experimentation and participation, 
three important “tensions” have been observed in Living Labs, between “con-
trolled experimentation vs. open co-creation; learning from failure vs. public 
demonstration of success; [and] local embedding vs. scalability” (Engels et al. 2019, 
1). Notably, stories of prospective transferability and scalability that are frequent-
ly spun around Living Labs blend in well with a “politics of technology” that is 
preoccupied with “solutionism, experimentalism and future-oriented valuation“ 
(Pfotenhauer et al. 2021). In other words, the significant increase in Living Lab 
activities and publications since 2015 (Hossain et al. 2019) may at least partially 
emerge from mission-oriented innovation governance.

Considering that Living Labs are viewed and established as experimental 
spaces of our collective futures, the dominant focus on technological fixes paired 
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with an ignorance of questions related to justice, plurality, and equality requires 
ref lection and action. It has been argued that more participatory and pluralist 
approaches to understanding and addressing sustainability-related challenges 
would aid in delivering more rigorous and robust scientific findings and amelio-
rating democratic deficits (Böschen et al. 2021, 294–95).

Current forms of implementation in higher education

Increasingly, the Living Lab is also recognized as an infrastructure or institution for 
integrated inter- and transdisciplinary education. Aside from fostering students’ 
personal and professional development with respect to conceptual and method- 
ological learning objectives, Living Labs provide a setting for hands-on learning 
experiences, enabling and empowering students to acquire and advance “21st cen-
tury skills” (World Economic Forum 2015, 3) and to lead on transformative change. 
Living Lab approaches – whether simulated or implemented – stimulate learning 
about system, target, and transformation knowledge (Pohl and Hirsch Hadorn 2021, 
36). By encountering successes and setbacks in multi- or interdisciplinary teams, 
students profit from hands-on learning, receive more immediate feedback, and ex-
perience self-efficacy. Moreover, Living Labs can help deliver on the third-mission 
requirement of higher education institutions by providing a platform for encoun-
ters and exchanges with (local) societal stakeholders, including companies, public 
actors, and civil society . Since Living Labs emerge from particular goals, settings 
and actor constellations, there is no one-size-fits-all approach or single formula for 
success. However, countless examples from across the globe, albeit so far concen-
trated in the Global North, can serve as examples and provide some guidance and 
inspiration for setting up and operating educational Living Labs.

Since Living Labs first emerged in Europe and North America, it is not sur-
prising that the concept has also spread furthest in these regions. To highlight the 
earlier noted richness of the concept and the various possibilities for application, 
institutionalization, and use, the first examples of current forms of implementa-
tion are all based at the same institution, RWTH Aachen University, the largest 
technical university in Germany. Recognizing the importance of transdisciplinary 
research and teaching, RWTH Aachen University and the Karlsruhe Institute of 
Technology both integrated Living Labs in their Excellence Strategies, which are 
funded by the German federal and state governments. At RWTH Aachen Univer-
sity, Living Labs that are exclusively or also used for teaching can be found across 
faculties and disciplines. Mirroring the dual meaning of the notion, a broad dis-
tinction can be made between those Living Labs addressing societal challenges re-
lated to sustainable development and those concerned with advancing digitaliza- 
tion and automation in business, industry, and society. The former include the 
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Büchel:Lab, which provided master’s students of architecture and urban planning 
with the opportunity to develop concepts for temporary usage and participato-
ry urban development for the redesign of an old town quarter (Digi-Sandbox.
NRW 2023); the student-led Living Lab nAChhaltig angezogen (Sustainably dressed), 
which started as a graduate project seminar in sociology on the topic of sustain-
able fashion and has turned into a continuing initiative; the Waldlabor Köln (Forest 
Lab Cologne; Palm et al. 2023), which was set up by the City of Cologne to study the 
forest of the future, to enable students to test and evaluate design options in forest 
management, and more recently also to experiment with 3D printing technolo-
gies using wood mass, and the project module “Green Blue Streets” (lala.ruhr 2021), in 
which master’s students in architecture and urban planning (and recently also stu-
dents in transport engineering) developed design proposals for the water-sensi-
tive transformation of an urban regeneration area in the city of Gelsenkirchen and 
presented the proposals to policymakers and other stakeholders. Two noteworthy 
examples of educational Living Labs addressing puzzles and problems pertaining 
to Industry 4.0 are the Learning Factory “Textil vernetzt” (Textile networked) oper-
ated by the Institute of Textile Technology as a real-life learning environment for 
students and professionals-in-training to address the challenges of the Internet of 
Things in manufacturing, and the WIRKsam (Ef ficacious) Competence Centre, which 
provides a collaborative space and develops a comprehensive set of training on 
the integration of Artificial Intelligence (AI) into industrial processes for industry 
professionals as well as graduate and undergraduate students from various disci-
plinary backgrounds such as computer science, sociology, engineering, and psy-
chology (ifaa 2023). In addition, a simulation game which is offered as part of the 
master’s programs in Sociology and Governance of Technology and Innovation 
challenges students to devise a Living Lab strategy for the Rhenish mining re-
gion, which, like many former mining areas, is undergoing large-scale, long-term 
structural changes. Through this game, students get a glimpse of the complexity 
of the issues and of what is at stake for the different actors involved.

Since Finland spearheaded the promotion of the notion in Europe, not least 
by initiating the founding of the European Network of Living Labs when holding 
the presidency of the European Council in 2006, it is also worth exploring cur-
rent forms of implementation in higher education in the Finnish context. Laurea 
University of Applied Sciences, for example, has embraced the concept, running 
several Living Labs addressing various topics. The most recently set up Laurea 
Circular Economy Living Lab combines education, R&D, and regional development 
by providing educational modules and a networking space with regional partners 
for undergraduate students in Hospitality Management and Service Design to 
devise circular economy solutions (Laurea 2023). The TAMK Catering Studio Living 
Lab, concerned with sustainable food transformation, was created by Tampere 
University of Applied Sciences (TAMK 2023) as part of the EU project “Fostering 
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the Urban Food System transformation through Innovative Living Labs Imple-
mentation” (FUSILLI) in the new urban area of Hiedanranta, home to numerous 
sustainability Living Labs, allowing students to participate in grassroots city 
development and experiment with various ideas, including a business model for 
regenerative urban micro-farming. Still under construction but promising to 
provide an institutional and infrastructural home for multidisciplinary research, 
teaching, and learning, the Hyytiälä Forestry Field Station Living Lab comprises a 
sustainable, wooden building complex to study sustainability, the climate, and 
well-being in the built environment (University of Helsinki 2023).

Upon gaining a strong foothold in Europe’s northwest, the success story of 
the Living Lab currently continues globally, suggesting that collaborative exper-
imentation with innovative technologies and social innovations yields valuable 
insights and experiences – also for students. Cases in point are the Virtual FabLab 
(vFabLab 2022) at King Abdullah University of Science and Technology in Saudi 
Arabia, which provides a web-based state-of-the-art 3D gamified interactive vir-
tual fabrication lab to train students and enthusiasts around the world in nano-
fabrication techniques including sputtering, atomic layer deposition, and more, 
in a safe-to-fail virtual environment; the BELgrade urban living LAB (Centar za eks- 
perimente i urbane studije 2023), which was set-up as the first Urban Living Lab 
in Serbia and the Western Balkans to co-create solutions with citizens, the public 
sector, planning experts, and private companies; and the Rijeka iLivingLab, which 
comprises four labs (a Maritime Navigation, Safety and Security lab, a Logistics 
lab, an E-learning lab, and an E-government lab), focuses on the entire coastal 
region of the Republic of Croatia, and has trained over 2,500 students on a range 
of issues such as artificial intelligence, agriculture and agri-food, culture and cre-
ativity, energy, innovation, social inclusion, and (health and well-being in a mar-
itime environment. ENoLL 2023a).

Some Living Labs are specifically set up to increase international and intercul-
tural collaboration. Two examples are the Living Lab field course, which forms part of 
the ICP Connect master’s program Sustainable Development at KU Leuven (2023) 
in Belgium, North-West University in South-Afrika, Vietnam National University 
and Pontifical Catholic University of Peru during which small teams of students 
from the Global North and Global South engage in intensive field research, ideally 
involving key stakeholders, to devise a strategy to address a sustainability chal-
lenge in a Global South context; and LivingLab SHANGHAI, based at the Sino-Finn-
ish Centre at Tongji University in Shanghai, China, which collaborates with Aalto  
University in Helsinki, Finland to involve key stakeholders in the development, 
prototyping, and testing of technological solutions to complex sustainability chal-
lenges in megacities surrounded by low-resource surroundings (ENoLL 2023b).

An interesting subset of educational Living Labs engages in large-scale exper-
imentation using the entire campus or – in collaboration with other stakeholders 
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– additional urban areas for Living Lab experimentation and education. Examples 
are the Living Lab Tomsk (LEVS 2021) in Russia, a network of Living Labs involving 
seven universities, ten academic institutes, the Tomsk Scientific Center, innova-
tive companies and architectural bureaus, regional and city administrations, and 
European partners, allowing students to experiment at seven locations, each with 
a specific focus (public space design, smart greening, water management, smart 
management, dialog of generations, healthy lifestyle, multicultural environments, 
street art and creativity), and the Learn–Live–Lead approach to sustainability of Uni-
versity of Galway, which uses the campus buildings and estate as a Living Lab to 
promote sustainability scholarship, environmental stewardship, and global citi-
zenship. Initial successes include the city council working with the university to 
form a sustainable energy community and, in 2021, Decarbonization Zones (areas 
with a goal of 51% reduction in GHG emissions by 2030) have been designated in 
the city and on campus (University of Galway 2023).

The collection of examples suggests that educational Living Labs can fulfill the 
triple role of enabling research and education while at the same time advancing 
the sustainability transformation of higher education institutions and their local 
or regional surroundings. As the long and varied history of the notion suggests, 
Living Labs can function as open spaces for collaborative experimentation beyond 
disciplinary and social boundaries and offer learning opportunities for every par-
ticipating individual and (stakeholder) group. Crucially, students’ ideas and per-
spectives also enrich and diversify research and experimentation in Living Labs 
in novel ways. As an important transformative impulse, the experience, expertise, 
and in some cases entrepreneurial mindset acquired by students through the use 
of Living Labs for educational purposes helps transfuse transdisciplinary experi-
mental research and practices into society.
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Mode 2

Ines Langemeyer and Eike Zimpelmann

Definition

The Latin word modus is often translated simply as “manner”. It originally meant 
“measure, weight”, but is also etymologically related to the diminutive modulus, 
meaning “scale, small measure” and “model” (Müller 2009, 638). There is little evi-
dence in the research literature on Mode 2 that the word describes a model of sci-
ence. Such an interpretation is obvious, because the differences between the two 
modes of science, which are the starting point of the discussion, can be under-
stood primarily in terms of ideal types (Nowotny 1993, 70; Schauz 2014, 49): Mode 2,  
for example, stands for forms of knowledge creation that take place under the 
inf luence of industrial technology developments, and public- and private-sector 
organizations and state institutions involved in them, and bear the character of 
application-oriented, practice-integrated, and cross-disciplinary research. Con-
sequently, the scientific aspiration to overcome contradictions in knowledge re-
cedes into the background while practical solutions come to the fore. Mode 2 stops 
when a practical solution is found and implemented.

Mode 2 indicates the historical development of knowledge societies, whose 
knowledge – according to Max Weber (1934) – is distinguished from impartial, 
value-, and contradiction-free knowledge and rather finds recognition through 
its robustness and functionality in transformation processes. Mode 1, on the other 
hand, is regarded as the product of basic research, which can also refrain from 
practical solutions and decisions within the protected framework of universities 
and research institutions.

The two modes thus become ideal-types, distinguishable as models of science. 
Regardless of whether ideals (such as that of unbiased and contradiction-free 
knowledge) have actually been fulfilled, they become for Mode 1 one of its essen-
tial characteristics. Furthermore, it is said that Mode 1 and 2 do indeed coexist 
and interact in real terms (Gibbons et al. 1994, 9). What belongs to this or that 
mode is to be distinguished analytically.
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Mode 2 does not follow rigorously the ideal of science to generate universal 
knowledge. It accepts value-based judgments and contradictions; heterogeneity, 
utility orientation, commercialization, dialogicity and ref lexivity, transdiscipli-
narity, and f luctuating forms of collaboration are seen as aspects of the Mode 2 
knowledge production (Gibbons et al. 1994, 3–8). For higher education that ad-
dresses, for example, problem-based learning in real-world laboratories, through 
service learning or citizen science, the decrease in rigorousness raises fundamen-
tal questions of transdisciplinary learning.

Background 

The distinction of two modes of knowledge creation sparked an international dis-
cussion, particularly in the fields of science and technology studies, technology 
assessment, philosophy of science, and management (Bartunek 2011; Etzkowitz 
and Leydesdorff 2000; Nowotny 1999; Nowotny et al. 2001, 2003). It also inspired 
analyses of the transdisciplinarity of research practices, such as those found in 
the marketplace of digital information goods and services and other areas of high 
complexity (Holtgrewe 2012; Klein et al. 2001; Weingart 1997). Furthermore, forms 
of participation in practice-oriented research and their importance for gaining 
knowledge have been discussed (Jahn et al. 2012).

Several assumptions and views of the Mode-2 approach were already wide-
spread in sociology and science studies (Bender 2001, 9; Jasanoff 2003; Nowotny 
1993) when the approach was launched. Long before the 1990s, the “unity of the sci-
ences” (Einheitswissenschaf t as Neurath, Carnap and others termed it in the 1930s) 
was already doubted. At the beginning of the 20th century, representatives of the 
neo-positivist Vienna Circle such as Carnap (1931, 465) still defended the basic idea 
that the conf lict between disciplines could be overcome and that true knowledge 
could be unified. In the 1950s, van Orman Quine’s (1951) thesis of “two dogmas” 
and Snow’s (1959) thesis of “two cultures” sought to describe the fact that certain 
subjects were sufficiently akin, so that scientists from similar disciplines would be 
able to communicate, while an unbridgeable gap had formed in relation to other 
disciplines. In this way, they primarily underpinned the difference between the 
humanities and the natural sciences. Research on “knowledge (science) cultures” 
(Arnold and Fischer 2004; Nerland 2012), sometimes with reference to Fleck’s 
(1980) “thought collectives”, sometimes to Kuhn’s (1962) “paradigms”. Also Polanyi’s 
(1962) theory on the tacit dimension, among others, assumed an increasing dif-
ferentiation of the sciences. The argument against a positivist notion of a unified 
science was that all knowledge is socially constructed (Knorr Cetina 1991, 2002). 
Disciplines create “life”, e.g. in laboratories incorporating various “phenomeno-
techniques” (Bachelard 1998) and socially establish orders which form the rational 
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background of scientific practices (Latour and Woolgar 1979). This epistemic argu-
ment did not express a new unification thesis (science as one) against the diversifica-
tion of disciplines. Rather, the blaming of every kind of social inf luence that would 
contaminate scientific research was contested. Latour and Woolgar (1979, 23–24) 
concluded that the inf luence of the social on the scientific endeavor is not only visi-
ble in errors: “Scientific achievements held to be correct should be just as amenable 
to sociological analysis as those thought to be wrong”. Knorr Cetina (1999, 4) sim-
ilarly refuted the idea of a unified science or “one enterprise” of science in favor of 
analyzing a “whole landscape – or market – of independent epistemic monopolies 
producing vastly different products”. From an epistemological rather than a socio-
logical point of view, Rheinberger (2005, 316) resumed Bachelard’s conclusion that 

“with the ever tighter interplay between ever more specific forms of knowledge and 
the phenomenal world, the sciences necessarily become fragmented into different 
epistemological regions” and “their conceptual dynamics finally became insepara-
ble from the phenomena in which and through which they expressed themselves”. 

Since the 1970s, the concept of the transdisciplinarity of research (Bernstein 
2015; Scholz 2020) has replaced a possible integration of all bodies of knowledge 
into one science and increasingly referred to a spillover of scientific efforts to many 
areas of society (Jahn et al. 2012). At the same time, while examining the socio-cul-
tural dependency of thinking and knowledge creation, a practice-philosophical 
turn was also proclaimed – the practice turn (Schatzki et al. 2000), which borrowed 
from Marx the overcoming of the subject–object dualism, without understanding 
the turn itself as a Marxist one. Marx’s first Feuerbach thesis – written in 1845, in-
tended only for his eyes, not for the public – phrased the essential point in a nut-
shell: “The chief defect of all hitherto existing materialism – that of Feuerbach in-
cluded – is that the thing, reality, sensuousness is conceived only in the form of the 
object or of contemplation, but not as sensuous human activity, practice, not subjectively” 
(Marx 1995; italics in the original). This thesis thus already contained the radical 
demand to place the epistemic subject back into the practical context – where it 
sometimes does not even approximately possess an all-encompassing and disinter-
ested gaze, but must immanently ref lect on its particular relationship to the object 
of knowledge (including the method and means of research), i.e. how the things 
became objects of knowledge, how they adopted the form of an object (Marx 1996). 
Thus, objects are seen as something changeable, something that can adopt differ-
ent forms and therefore need to be interpreted in the practical contexts. The unity 
of recognition and change thus became the key to a new epistemology.

The practice-philosophical paradigm shift took place in various currents 
in the 20th century: for example, with feminist philosophy of science (Haraway 
1988; Harding 1986), laboratory studies in the context of science and technology 
research (Knorr Cetina 1991; Rip 1997), historical epistemology (Rheinberger 1994), 
and sociological approaches (Bourdieu 1979). It involved understanding science 
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and theory not as the opposite of practice, but as doing science and uncovering its 
power relations and hidden mechanisms. Further approaches emphasized, sim-
ilar to Berger and Luckmann’s (1966) social constructivist or Alfred Schütz’s (1971) 
phenomenological conception of “everyday knowledge”, that knowledge becomes 
effective in local contexts of practice. In the 1980s, studies emerged which ex-
plored how knowledge is distributed – and at least partly shared – among people 
as members of a community and thus must be understood as situated knowledge 
(Lave and Wenger 1991; Suchman 1987). 

Since science creates communities with different cultures and contexts of 
research, scientific knowledge too is then regarded as situated knowledge. Thus, 
these currents were also concerned with the insight that science should not be 
considered as an institution somehow outside of society and completely indepen-
dent of it. The postulate of impartiality was rejected as an insufficiently ref lected 
idealization of scientific knowledge (Haug 2004). Scientific knowledge always ar-
ticulates a standpoint and a perspective (Haug 2004).

The Mode-2 approach added to the practice-philosophical paradigm shift in 
the social sciences that there was a historically new way of producing knowledge 
in all areas of society through a stronger interconnection of segments such as in-
dustry, politics, and research, which would no longer be institutionalized in the 
conventional pattern of science in universities and similar research institutions 
(Gibbons et al. 1994, 10). With respect to technological development, the theses of 
the Mode-2 approach partly overlap with those of Machlup (1962), Drucker (1969), 
or Bell (1973), who emphasized the increasing inf luence of science on (industrial) 
production and political society (Hack 2001, 25), thus also addressing the trans-
formation of the “scientification of society” into a “politicization of science” (We-
ingart 1983, 235) as a problem. Interpreted as a loss of power or as a phenomenon 
of dissolution, there is also a warning of the danger of the “de-professionalization” 
(Weingart 1983, 235) of scientific expertise.

The views that Gibbons et al. put forward touch on and f lank theses from the 
currents that were outlined in the previous sections. The affirmed tendencies of a 
politicization and an economization of science are subsumed under the term ‘Mode 
2’. The authors’ specific concern is to present a heuristic assumption that can be used 
to elaborate historical changes in the social role of science (Gibbons et al. 1994, 1). 

However, since the boundary between modes runs between ideal-typical oppo-
sites, the diagnosis is not developed empirically, not in a historical-critical way. Its 
soundness has therefore become the subject of a debate (Birrer 2001; Gläser 2001). 
This is particularly evident in claims that Mode 1 still harbors an “epistemic core of the 
sciences”, while science in Mode 2 exists ubiquitously, rhizome-like, without center 
and goal and without inner and outer boundaries (Nowotny 1999, 30–31, 118), alluding 
to a metaphor used by Deleuze and Guattari (1987). Consequently, whether a Mode 2 
has actually emerged depends on the question of whether a Mode 1 existed at all.
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From the perspective of Gibbons et al. (1994), however, it is helpful not to take 
Mode 1 as the only mode of science for breaking down narrowed notions. A cen-
tral argument here is that the transdisciplinary and more participatory forms of 
research practice create a different pattern and thus different rules of institu-
tionalization. Processes of institutionalization are important for the creation of 
scientific knowledge to be societally relevant (Langemeyer 2021). Mode 1 can be 
understood not only as a way of being, but at the same time as a “necessary myth” 
(Nowotny 1999, 81), a “symbolic resource” (44), that ensures the public’s lack of 
trust in scientific reason. By relying on context-independent knowledge and – as 
the Vienna Circle historically did – on the unity of the sciences, Mode 1 could suf-
ficiently legitimize the generated knowledge of science and give it social authority 
and power (Drori et al. 2006; Nowotny 1999, 22). According to another assessment 

– Nowotny (1999, 115) also sees this – the changes of the institution of science re-
veals the deeper problem of “democratic participation” in and through science. 
Since scientification runs deep into the fabric of Western societies (into its cul-
ture, see Drori et al. 2006) with their ideal of democracy and scientific progress,  
a caricature of science emerges: Mode 1 serves only as the foreshadowing of knowl-
edge with social authority, whereas the critical ref lection of knowledge shifts to 
ideas vaguely connected to Mode 2 – but the rigorousness of Mode 1 is gone. The 
construction of opposite modes ends in a deadlock. 

Debate and criticism

The sociologically understood distinction between two modes of knowledge pro-
duction ignited science-theoretical debates of the late 20th century. The debates 
revolve around a historical transformation of science. The mere obsolescence of 
ideas, theories, methods, and paradigms is not meant here, but rather the specific 
pressure for change, which affects science and brings it into closer interdepen-
dence with economic, political, and other societal actors who profit from research 
or scientific standards and norms and thus establish power relations.

Bora (2005, 755–56) highlights that Nowotny et al. grasp the emergence of 
“open systems” of knowledge production – which raises the question whether the 
notion of a “closed system” could ever apply to science. According to Frederichs 
(2001, 73), the Mode-2-approach touches on the setting: Knowledge is created 
where problems arise and are to be solved. This in turn provokes the question 
whether all problems are scientific problems, and whether solutions naturally re-
veal the scientific explanation of why something works.

From an epistemological point of view, science is not accomplished by reg-
istering and stating what “there is” just because something seems evident. It is 
not realized by merely solving problems. Scientists rather need to critically re-
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f lect on how they interpret a particular phenomenon, how they distinguish its 
components or the different states of its development, how they construct and 
identify the underlying causal or systemic relations, and how they find empirical 
evidence for this. They need to develop an argument for why that data is relevant, 
valid, and usable for the research object, and why this object is adequately scruti-
nized by a certain research method. In practice, when people solve problems, for 
example, there are limits and obstacles for ensuring that these ref lections togeth-
er with the coordination between theoretical and empirical steps are undertaken 
with rigor. Therefore, Hack (2001, 55) also criticizes that adherents of the Mode-2 
diagnosis erroneously assume that “traditional” scientific knowledge (which they 
term Mode 1) would emerge without this kind of ref lection. He alleges that in their 
point of view, Mode 1 would already be deprived of everything that constitutes the 
distinctive features of scientific knowledge: as a form of ref lection and as way of 
retracting and restarting trains of thought that have been shown to be f lawed. 

Carayannis and Campbell (2012, 4) also see a deficit of ref lection in Mode 2. 
However, without defining the necessities of ref lection, they advocate a model of 

“knowledge production systems” – “Mode 3”. “Mode 3” indicates higher-order learn-
ing processes and thus means a somewhat higher ref lexivity and ref lectiveness in 
change and innovation processes. In doing so, they ignore the fact that science is 
always based on ref lexivity – even in Mode 1. An imagined increase in ref lexivity 
from Mode 1 to Mode 3 creates the fiction of a success story. Hence, Hack’s critique of 
a truncated understanding of science is also applicable to Carayannis and Campbell.

And there is another issue: With Mode 3, as with other innovation paradigms, 
the argument was made that “models of science” could be deliberately chosen to 
foster, for example, sustainable development (Liyanage and Netswera 2022, 1128). 
Regardless of what goals should be achieved (sustainability, innovation, etc.), re-
f lexivity is not a quantitative, but a qualitative matter. It does not make sense to 
speak of an increased ref lexivity without identifying why ref lections in the con-
crete research processes are needed and in what ways.

In contradistinction, if models of science were only a matter of choice (like 
choosing an instrument or a technique), the distinction between the different 
paradigms emerging from research in different disciplines and the overall concept 
of science is blurred. Consequently, it seems possible to merely create and change 
definitions of science deliberately beforehand without ref lecting on developments 
of disciplines from within. Ironically, this would be a loss of ref lexivity. 

Furthermore, the practices of knowledge described by Mode 2 raise the ques-
tions of which power relations emerge with them and how existing ones are changed 
by the fact that other institutions and actors are involved in knowledge production 
than the traditional ones (such as universities and research institutions which are 
legally protected to sustain their independence). Similarly, the different forms of 
knowledge, which arise partly from scientific disciplines and partly from profes-
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sional, political, and economic expertise, can be addressed as a problem. How they 
come together in a transdisciplinary way so that a new form of scientific knowledge 
(expertise) and not just a kaleidoscopic assemblage of different elements emerges 
has not been clarified. A few works deal with the problem of how this might be ac-
complished through intellectual cooperation (Jahn et al. 2012: 5; Langemeyer 2015). 
Nevertheless, it can be assumed that the less planned and more unstructured forms 
of collaboration depend on new ways of working and expertise becoming institu-
tionalized at some point. The efficacy gained from this is particularly relevant for 
long-term project goals such as the energy transition or climate protection. How 
this institutionalization could meaningfully take place may be a central task of re-
search on transdisciplinary didactics in the future, in the context of which dealing 
with societal complexity and unsolved problems is examined as a form of learning.

Current forms of implementation in higher education

So far, only partial implementations of knowledge creation in Mode 2 are known 
in the field of innovations in higher education didactics, for example in approach-
es of service learning, citizen science, or in forms of research-based or prob-
lem-based learning. However, a systematic introduction of such Mode 2 elements 
into an entire study program would hardly be conceivable without a balancing act 
between traditional and novel ideals and orientations (Balsiger 2015). However, if 
universities and colleges, in their function as knowledge institutions that develop 
and pass on academic knowledge, were to act more as “change agents” (Scholz 
2020) in the future, there would have to be a fundamental agreement on the fol-
lowing aspects of transdisciplinary learning. 

Nine aspects should be taken into consideration: (1) If knowledge is no longer 
measured by the ideal of an impartial or value-free form of science without con-
tradictions, how can values relevant to practice be meaningfully addressed in con-
crete content and qualification goals of a degree program? What normative view-
points should transdisciplinary teaching be about, and how can students critically 
engage with competing values of practice?

What transformational knowledge can be anchored and taught in (2) degree 
programs in a planned and lasting way? To what extent can the curriculum address 
real-world problems that spring from different conjunctures? At what point does 
it become arbitrary and lose its effectiveness? 

Can real-world problems, their respective context, and their (possible) solu-
tion processes be taken up in the framework of (3) a curriculum in such a way that 
teaching and learning, and the necessary ref lections of students and teachers on 
the subject matter, take place meaningfully? How often can and must learning pro-
cesses go through a cyclical structure of (4) iterating actions and ref lections to achieve 
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a meaningful learning outcome or acquisition of skills? How do students acquire 
the ability to overcome barriers and boundaries created by different (5) professional 
languages and cultures? To what extent can students protect themselves from cap-
ture by (6) stakeholder interests in the field? How can they be protected? Is academic 
(7) socialization made more difficult by the fact that students are involved in prac-
tice-oriented research projects? How can consciousness be raised about (8) profes-
sional cultures and their limits? How can the distance between the academic world 
and everyday contexts be established in such a way that learning does not come 
under increasing pressure to make premature or even (9) erroneous conclusions?

These questions point to a profound process of change in academic concep-
tions of education, insofar as transdisciplinarity becomes more prominent for 
learning processes. To be sure, some voices will continue to warn of disintegration 
and threats to academia – and their arguments will be cogent, like those of critics 
of the Mode 2 diagnosis. Nevertheless, the opportunities that become attainable 
with the transformations of learning should also become apparent. For scientific 
research is, at its best, transformative learning, whose participants not only find 
solutions, but also learn to consciously shape research and knowledge processes, 
which ultimately contribute to the democratization of the sciences.
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Participatory Action Research

Loni Hensler, Gerardo Alatorre Frenk, and Juliana Merçon

Definition 

The three basic concepts that constitute participatory action research refer to 
the direct and active interaction (participation) required for the construction of 
knowledge (research) and collective practices (action). The adjective participato-
ry comes from Latin participationem and means “sharing, having a share or part 
in common with others”. The noun action derives from Latin actionem: “a putting 
in motion; a performing, a doing; lawsuit, legal action”, from the past-participle 
stem of agere “to do”. And research comes from French recerche (1530s), meaning 

“act of searching closely” for a specific person or thing (Harper 2023). As a research 
approach, participatory action research focuses on the co-construction of knowl-
edge and action by integrating multiple perspectives to strengthen the social 
transformation of unjust structures. It is a political-epistemic research paradigm  
that originated in Latin America, based on the work of Orlando Fals Borda (1970) 
and Paulo Freire (1970). Participatory action research can be characterized by 
three main principles: (1) it is geared towards transforming injustices; (2) as they 
are directly involved in sociopolitical processes, researchers become activists, in-
tertwining a constant dynamic of ref lection and action; and (3) social actors be-
come co-researchers, identifying needs and potential problems of study, informa-
tion-gathering, analysis, and decision-making. 

The methodology of participatory action research is cyclical, recursive, trans-
disciplinary, and transformative. It assumes critical ref lection and dialogue 
in practice as the basis for research and action. This implies that people are not 
considered objects to be studied, but subjects, co-actors, and co-constructors of 
knowledge and actions from their diverse perspectives. This also includes co-con-
structing the different elements of the process (analysis of the problem, definition 
of objectives, agenda, planning, organization, etc.) that open spaces for collective 
analysis and interpretation as the research develops. Participatory action re-
search offers powerful methods for collaborative research with a focus on power 
relations and transforming unjust and unsustainable circumstances.
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Background 

Kurt Tsadek Lewin (1946) was the first person to use the term “action research” to 
refer to a type of research that seeks both to understand the conditions and effects 
of various forms of social action, and to lead to transformative collective action. 
Lewin’s epistemological proposal already contained some of the principles of what 
would later become participatory action research, such as the direct involvement 
of researchers in the processes that are studied and the use of multiple methods to 
promote democratic interactions.

Almost unrelated to Lewin’s approach, in the early 1970s, several experiences 
around the world linked academic work and social action aimed at transforming 
oppressive and unjust circumstances (Rahman and Fals Borda 1992). Such was 
the case of the Bhoomi Sena (English: Earth Army) in Maharashtra, India, where 
social scientist Kaluram Dhodade, who formulated the principles of participato-
ry action research (Rahman 1984), was involved in peaceful land seizures. In the 
village of Bunju, Tanzania, anthropologist Marja-Liisa Swantz’s (1975) participa-
tory immersion became a referent for alternative research in Africa and beyond. 
In Latin America, research for social transformation had important educational 
and cultural movements as allies. Paulo Freire’s (1970) popular education, based 
on horizontal and emancipatory forms of learning, was key to the political-episte-
mological turn of the emerging participatory action research. Similarly, the work 
of Guillermo Bonfil Batalla (1987) and Pablo González Casanova (2004) reoriented 
the directions of social sciences by critiquing academia’s colonialist practices (Fals 
Borda 1999).

In order to go beyond Lewin’s social psychology and liberal theories of par-
ticipation, Colombian sociologist Orlando Fals Borda (1970, 1990) focused on the 
development of participatory action research as a process capable of bringing to-
gether, on the one hand, the systematicity of science and, on the other, the knowl-
edge and actions of marginalized populations. To this end, Fals Borda (1999) men-
tions three key features of participatory action research.

1. Relations between science and ethics: Participatory action research is based on 
the convergence of popular, traditional, and scientific thinking to support just 
causes. For ethical reasons, priority is given to working with the most vulner-
able and marginalized groups. Fals Borda (1999, 77–78) warns that the claim 
of neutrality and absolute objectivity coincides, often unintentionally, with a 
position that supports the status quo or hegemonic social order.

2. Dialectics between theory and practice: One of the basic principles of participatory 
action research is that knowledge is validated by the improvement of practice. 
However, for Fals Borda (1999, 78–80), the focus on praxis, which is the re-
f lection on practice, does not imply that other methods and relevant validity 
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criteria are not necessary to ensure that the knowledge generated is both rig-
orous and relevant.

3. Encounter between subject and subject: Fals Borda (1999, 80–81) argues that the 
subject–subject bond as sentipensantes (English: feeling-thinking beings), 
whose diverse knowledge and points of view are considered together, is what 
makes it possible to define authentic participation as different from manip-
ulative and instrumental forms. This principle of horizontality is ref lected 
in the agreements generated around the questions to be answered and acted 
upon; in the co-construction of instruments and methods; in the systematic 
feedback by diverse and accessible means; and in shared action (Fals Borda 
1987). In Latin America and Spain, Oscar Jara (2012) and Tomás Rodríguez 
Villasante (2006) formulated some of the principles most in line with Fals 
Borda’s. Jara put forward a systematization of experiences, an approach for 
critical analysis and reproduction of experiences from social movements. 
Rodríguez Villasante and the International Observatory for Citizenship and 
Sustainable Environment (Observatorio Internacional de Ciudadanía y Medio 
Ambiente Sostenible, CIMAS) put forward sociopraxis, an approach based on 
participatory methodologies and contributions from network theory, popular 
environmentalism, and the paradigms of complexity.

Debate and criticism

Nowadays, there are numerous streams that practice and theorize about partic-
ipatory action research (Bradbury 2015; Dick 2011; Kindon et al. 2007). Some are 
developed in rural and urban community contexts, close to the roots of partici-
patory action research, while others focus on organizations, educational institu-
tions, and even companies. As it fundamentally conducts research together with 
people, participatory action research is highly contextual – it is inf luenced, re-
configured, conditioned, and reinvented within its specific context. Methodology 
plays a central role, as it determines the forms of participation, the co-construc-
tion of knowledge and transformation through praxis. Even though a participa-
tory action research process starts with a methodological proposal and objective, 
it is redefined and reconfigured during the process, in constant deliberation with 
the actors and considering the conditions to be transformed.

Current streams are distinguished by a different distribution of weight be-
tween the triad research–action–participation. While some focus more on doing 
participatory research with less practice and shared advocacy (generally driven 
and sustained by academia), others focus more on ref lexive activism from the so-
cial base (mostly driven by social movements and civil society organizations).
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Another distinguishing element between different streams and practices of 
participatory action research is participation, due to the central role it plays in the 
co-construction of knowledge and actions through praxis. In this way, it opposes 
the dominant forms in which the coloniality of knowledge persists (Lander 2000) 
and only researchers have the power to determine the problem, agenda, subjects, 
or objects of research, and the forms of relationship, interpretation, and use of in-
formation. In contrast, participation in which all dimensions of a process – from 
defining the objectives to the implementation of the research process – are decid-
ed collectively has the potential to be co-emancipatory, as it changes the power 
relations between civil society and academia, as well as stimulating transforma-
tive learning and knowledge situated in a concrete context, relevant to the people 
involved. In Freire’s words: “The more women and men take an active stance in 
thematic research, the more they deepen their awareness of reality and make it 
their own” (1970, 90, own translation).

Participation is a concept that embraces highly diverse practices, which have 
been categorized by some authors as a ladder (Arnstein 1996) or a wheel (David-
son 1998) of participation. This elasticity in the notion of participation implies that 
there are participatory action research processes that have lost their emancipatory 
and transformative nature; some authors even speak of a colonization of participa-
tory action research (Cascante Fernández 2013) as it becomes instrumental within 
the current system without a critical stance towards the structures and aspirations 
for its transformation. To distinguish it from approaches with a more instrumen-
tal participation, some researchers prefer to change the word participatory for ad-
jectives that highlight the emancipatory aspect of this type of action research. Col-
laborative Action Research (CARE) seeks collaboration in all aspects of the research 
process (Casals et al. 2008; García Eiroá and Trigo 2000; Hensler 2023). Collabora-
tive action research brings together diverse people based on the dialogue between 
different knowledges and practices that generates collective and solidary actions 
towards a shared goal (Hensler 2023). Critical or transformative action research 
emphasizes its political character and the need for critical analysis of history and 
structures in order to transform them (Cascante Fernández 2013).

Participatory action research as a theoretical-practical and epistemolog-
ical approach has been the target of criticism from more conventional research 
strands. The following four appear particularly relevant.

1. Imperative of transformation: One of the pillars of participatory action research 
is its focus on transformation, which involves a partnership with marginal-
ized groups and a constant politicization of research. This imperative of trans-
formation has been criticized as saviorism, as well as for the irrelevance of 
continuing to think of the world in terms of oppressors and oppressed. Today, 
participatory action research does not focus exclusively on working with mar-
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ginalized groups, and it searches to form links with other sectors in a trans-
disciplinary participatory action research.

2. Lack of rigor and objectivity: Because of how engaged researchers are with orga-
nizations and processes, there is a highly contextualized and involved vision 
of the processes that allows them to see certain elements from the inside, but 
possibly prevents them seeing others that are visible at a distance. Further-
more, the experience-based approach limits the scope to a local or regional lev-
el, which cannot be generalized. In addition to this, the methodologies used 
by participatory action research have been criticized for not meeting scientif-
ic, rigorous standards, as they are not experiments that can be replicated but 
unique experiences and processes under construction, with changing objec-
tives and emergent social learning. Working in a participatory or collaborative 
manner does not imply that it cannot be orderly and disciplined in keeping 
records and analyzing. Moreover, tools have been established to balance high 
subjectivity in the processes, such as methodological, theoretical, and obser-
vant triangulation (Arias 2007).

3. Slowness of participatory action research processes: Another criticism focuses on the 
time involved in these processes, as they are medium- to long-term collabora-
tions that, at their foundation, require trust, common languages, and shared 
goals, among other things. The time required is often in tension with the time 
marked by conventional academia, which is why participatory action research 
is criticized as a utopian approach that is unsuitable in current structures.

4. Forcing participatory methodologies: From the perspective of decolonial and crit-
ical approaches, participatory action research is at risk of imposing methods 
and forms in certain cultural contexts, insensitive to the different sociocul-
tural realities (Merçon 2018). Cooke and Kothari (2001) titled their book Partic-
ipation: The New Tyranny? as a criticism of the concept and practice that imposes 
forms of interaction in order to legitimize or fulfill institutional requirements, 
without recognizing Indigenous and peasant communities’ own forms of re-
f lection and action.

Current forms of implementation in higher education

Participatory action research is showing its epistemic and political potential in 
various higher education experiences. Clear examples of this are three graduate 
programs at Latin American universities: the Master of Arts in Education for In-
terculturality and Sustainability at Universidad Veracruzana, Mexico (Maestría 
en Educación para la Interculturalidad y la Sustentabilidad, MEIS 2019); the Pro-
fessional Masters in Sustainability together with Peoples and Traditional Lands 
at the University of Brasilia, Brazil (Mestrado Profissional em Sustentabilidade 
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Junto a Povos e Terras Tradicionais, MESPT 2019); and the Master of Arts in Inter-
disciplinary Development Studies at the Universidad del Cauca, Colombia (Mae-
stría en Estudios Interdisciplinarios del Desarrollo; Universidad del Cauca 2022).

The three programs assume the ethical-political and methodological approach 
of participatory action research. They take the students’ knowledge and practices 
as a starting point and provide tools to deepen critical and self-critical ref lection 
on these practices. In the projects developed by students, research has the func-
tion of generating knowledge from and for collective action. The point of depar-
ture and arrival is collaboration with communities and collectives mobilized for 
a fairer, more sustainable world that is open to cultural diversity. Through these 
links, students learn to dynamize dialogues of knowledge and to establish a con-
stant back-and-forth between transformative action and analytical ref lection, in 
order to enhance the scope of organizations, in terms both of knowledge and of 
social change and strengthening of collective subjects.

The aim of these graduate courses is not to generate neutral or universal 
knowledge; students make their positioning explicit and produce situated knowl-
edge with their projects, which acquire meaning for the collective actions that are 
developed in a given area. Participatory action research thus appears as a strategy 
for constructing shared meanings in the understanding and practical approach 
to the processes and problems being experienced, nurturing community and cit-
izen self-management processes, and contributing to the construction of “a world 
where all worlds fit”, to use the expression created by Zapatista communities in 
southeast Mexico.

The master’s program in Sustainability with Traditional Peoples and Territo-
ries focuses especially on working with Indigenous, Afro-descendant, and oth-
er traditional communities, but it also includes other actors, as do the other two 
master’s degrees (Nogueira and da Silva 2019). The three programs are located 
in territories characterized by a rich biodiversity and cultural diversity (Mexico, 
Brazil, and Colombia), and this same richness exists among the students and the 
processes and people they are linked with – Indigenous, peasants, and Afro-de-
scendants, as well as urban communities and collectives of very different kinds.

These master’s degrees share an interest in the f lourishing of ontological plu-
ralism, epistemic justice, and transdisciplinarity. They recover ancestral practices 
and knowledge, and attach great importance to original cosmovision and commu-
nalities and to approaches of complexity as indispensable orientations within the 
challenges of the current civilizational crisis, where the ecosystems that sustain 
life are deteriorating rapidly and violence and social asymmetries are increasing. 
The aim is to transform power relations by favoring dialogues and collaboration 
between actors from different cultural backgrounds, cultivating, as the website 
of the master’s degree in Interdisciplinary Development Studies points out, “new 
imaginaries that dignify the economy, justice, health and life in general” (Univer-
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sidad del Cauca 2022, own translation). In the case of the Education for Intercul-
turality and Sustainability program, the objective is to “move towards a perspec-
tive of sustainability that implies the conservation and maintenance of the vital 
cycles of ecosystems, as well as the understanding and appreciation of the close 
interrelationship that many communities and peoples maintain with nature in all 
its cultural expressions” (Merçon and Alatorre 2019, 147).

In addition to the decolonial and anti-capitalist approach, there is an anti-pa-
triarchal positioning, which not only implies building gender equity but also 
strengthening relational ontologies. Diverse types of knowledge come into play, 
including those that come from sensitivity, sensoriality, emotions, and bodies. 
The defense of territories begins with caring for bodies; the common goods that 
we need to protect are both natural goods and the networks of care that we weave 
on a daily basis.

At the pedagogical and didactic levels, these study programs share many ele-
ments, such as how mandatory theoretical subjects, elective courses, and profes-
sional internships complement one another. However, each program has specific 
features. For example, in the Master in Interdisciplinary Development Studies, 
students and teachers participate together in the so-called “Tramas y Mingas para 
el Buen Vivir” (Weavings and Mingas for Good Living), where they recover knowl-
edge and practices (traditional or not) that contribute to the cultivation of more 
harmonious relations among human beings, and between human beings and the 
rest of nature. The Master in Sustainability together with Peoples and Traditional 
Lands works with what it calls the Pedagogy of Alternation, “a teaching–learning 
methodology that combines different formative experiences distributed over dif-
ferent times and places: University Time, which involves carrying out place-based 
activities in an academic environment, and Community Time, which is carried 
out (preferably) in a community environment or in the environment where the 
student works professionally” (MESPT 2019, 16, own translation).

The Education for Interculturality and Sustainability program works with 
people who are already collaborating in collectives and organizations involved in 
socio-environmental transformation processes in rural or urban communities 
(Universidad Veracruzana 2019). The Motor Group, a key element of any partici-
patory action research process, is formed by colleagues from these organizations 
who are interested in contributing to the ref lection–action process. In this way, 
each student works by linking at least two epistemic communities: the organiza-
tion with which they are linked and the master’s degree. 

In general, these graduate programs not only train individual professionals, 
but also strengthen analytical and political capacities in the collectives and orga-
nizations with which they are linked. The impact of student projects is based on 
the work of the organizations they collaborate with, but is projected as broadly as 
possible, extending networks through which knowledge and solidarity circulate. 
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There are also experiences in other parts of the world that have been inspired 
by participatory action research. For example, in Spain, the International Obser-
vatory for Citizenship and Sustainable Environment (Red CIMAS 2022) promotes 
participatory democracy processes through teaching and the facilitation of par-
ticipatory processes that integrate different types of knowledge coming from lo-
cal communities, government, and academia. 

In an era marked by overlapping crises and where it can be difficult to visual-
ize solutions, these initiatives cultivate hope, emphasizing the real possibility of 
changing the world, planting seeds for the future in the daily life of groups, com-
munities, organizations, and institutions. Experiences such as those presented 
here allow us to see, in a tangible way, the contributions of participatory action 
research in the 21st century.
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Performative Knowledge

Karen van den Berg and Stephan Schmidt-Wulffen

Definition

The term performative knowledge implies two different types of discourse; one re-
lates to performativity, while the other concerns epistemology. John Langshaw 
Austin differentiated the performative function of language from its proposi-
tional one: those who say “Yes” during a marriage ceremony do marry but they do 
not report on the marriage (Austin 1962, 12). And he remarked that a performative 
speech act can never be false or true. While Austin used performative only for lan-
guage, by the end of the 1980s, Judith Butler connected it to bodily actions. For 
Butler, gender is not founded biologically or even ontologically but results from 
specific social actions (Butler 1988). Performative acts constitute social practice. 
As Andreas Reckwitz noted, practices are not only bodily behavior but, at the 
same time, “sets of mental activities” (Reckwitz 2002, 251) – routinized ways of 
understanding the world. Practices imply “implicit knowledge” (Polanyi 2009). In 
contrast to propositional knowledge, “performative knowledge” is always embed-
ded in actions. Therefore Donald Schön (1983) also called it “ref lection-in-action”, 
highlighting the fact that the seemingly spontaneous acts embody rules but do 
not refer to a level of ref lection anticipating the action. Schön spoke of it also as an 

“art” (1983, 130). Due to the importance of contingency and the impact of medium 
and material, performative knowledge is closely related to aesthetic practices.

Background 

Alfred Julius Ayer (1952), Ludwig Wittgenstein (1953), and Gilbert Ryle (1959) have 
contributed significantly to the understanding of knowledge as an activity. Pierre 
Bourdieu and Anthony Giddens have focused on knowledge inherent in everyday 
practices (Bourdieu 1977; Giddens 1984). In science, the “pragmatic turn” (Bern-
stein 2010) redefined “truth”. The proposition, when seen as action, was qualified 
in terms of its potential and possible impact. Knowledge claims were regarded as 
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a product of practice in a community of inquirers, also as fallible, to be improved 
through continuous testing in action (Hacking 1983; Rheinberger 2010). The labo-
ratory studies of Karin Knorr-Cetina, Bruno Latour, and Hans-Jörg Rheinberger 
have proven the pragmatic basis of scientific knowledge (Knorr-Cetina 1984; La-
tour 1988; Rheinberger 2010). As a result, the development from a propositional 
to a performative concept of knowledge has replaced homogeneity with hetero-
geneity, absoluteness with contingency, and “academic” with “transdisciplinary” 
(Gibbons et al. 1994; Schatzky et al. 2001).

The “pragmatic turn” in the sciences also aroused interest in artistic concepts, 
processes, and forms of production at a time when process-based and ephemeral 
art forms such as performance and video were becoming paradigmatic within the 
visual arts. The “dematerialization of the artwork” (Lippard 1973) had already led 
to a developing rapprochement of aesthetic practice with philosophy and the sci-
ences from the 1960s. Practice-based artistic research – the methodological basis 
of the new artistic PhDs – soon became part of the repertoire of disciplines such as 
anthropology or sociology. Scholars confronted the performativity of the human-
ities and science and encountered the arts as a model. Initially, the “self-commis-
sioning” of modern artists inspired management theory (Boltanski and Chiapello 
2007). Peculiarities of aesthetic practice, such as the spontaneous emergence of 
results and the distinctive nature of materials in the creative process, deepened 
the understanding of a pragmatic approach to knowledge (Fischer-Lichte 2008).

Performative knowledge presupposes a community of practice (Lave and 
Wenger 1991), as part of which the learners can observe, compare, act, repeat, and 
correct themselves. However, a performative understanding of knowledge and 
knowledge production poses a specific pedagogical problem: while propositional 
knowledge combines with a teaching concept of explanatory mediation, in which 

– as Rancière puts it – one intelligence is subordinated to another, performative 
knowledge does not emerge in this way (Rancière 1991). Here mediation needs 
demonstration and showing; an already practiced behavior in everyday social life 
that the “apprentice” observes and that the teacher displays and stages. If perfor-
mative knowledge is taught, it requires teaching formats that enable active par-
ticipation in the respective practice. Here, criticality might be considered differ-
ently: the practice does not imply a ref lection in terms of an abstract propositional 
examination of habitual frames. Transformation does not result from a specific 
failure that retroacts to a set of mental dispositions. On the contrary, change is un-
derstood as a central component of practice in general so that learning – without 
interrupting practice – becomes a continuous element of everyday life.
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Debate and criticism

Despite the epistemic change towards a performative understanding of science 
and its intense theoretical debate, there were few attempts by universities to adopt 
curricula or to develop a specific pedagogy. The Center for Advanced Visual Stud-
ies at the Massachusetts Institute for Technology in Cambridge (US), founded by 
the artist and designer György Kepes in 1967, invited artists to inspire scientists 
early on in its existence (Shulman 2017). Faced with a growing demand for creativ-
ity and entrepreneurship through the growing importance of immaterial labor, 
business schools, such as Copenhagen Business School, were expanding their aca- 
demic curricula in the mid-1990s (Copenhagen Business School 2021). Like many 
other business schools during this period, Copenhagen Business School imagined 
the artist as an entrepreneur, a role model for the future businessperson (Guillet 
de Monthoux 2004). To learn more about artistic practice, artists were invited for 
dialogue. The encounter with performative knowledge was organized through di-
alogue and architectural conditioning of experiences (Guillet de Monthoux and 
Wikberg 2021). Critics argued repeatedly that such an instrumentalization of ar-
tistic experience comes at the expense of the very nature of the artistic practice 
and its autonomy (Holert 2020; Osborne 2014). The interest of Copenhagen Busi-
ness School in learning from artists, promoted especially by professors like Pierre 
Guillet de Monthoux, was inspired by Witten/Herdecke University in Germany, 
founded in 1982 (Guillet de Monthoux 2004, 251). When Witten/Herdecke intro-
duced a Studium fundamentale, it also offered practical courses in theater, creative 
writing, photography, film making, and choral, orchestral, piano, and chamber 
music, in addition to rhetoric, philosophy, etc. as part of a business studies and 
a medical studies program to allow students to pursue other interests and place 
their major discipline in new contexts (van den Berg and Landkammer 2002). 
Similar to Mezirow’s (1978) concept of transformative learning this program pro-
moted active participation of students in a practice instead of “explaining” it – as 
a more traditional understanding of university training would have it. 

These early examples were developed primarily in the context of alternative 
management training programs, and with no elaborate debate on the didactics of 
higher education developing from their implementation. It was not until the turn 
of the millennium, however, that programs merging theory and practice began 
to professionalize and develop specific methods. In this, two major trends can be 
observed: On the one hand “design thinking” was inspired by the design practices. 
It spread rapidly from d.school at Stanford University and the management pro-
grams developed there (Lawson 2005). On the other hand, there were approaches 
that emerged from an experimental philosophy, aesthetics, and art practice, such 
as the SenseLab at Concordia University in Canada established in 2004 (Manning 
2020; Manning and Massumi 2014).
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However, these approaches remain rather marginal for the time being. The 
promise of a performative concept of knowledge was its innovative dimension 
(Razzouk and Shute 2012). Although design thinking became a fashion in the 
fields of management and leadership around the turn of the millennium, its 
training of performative competencies and creativity techniques was repeatedly 
criticized as difficult to objectify and offering limited measurability in its effects 
(Rotherham and Willingham 2009). On the other hand, artists and designers cri-
tiqued that the transfer of designerly and artistic practices to further education 
management runs the risk of its vulgarization or even standardization (van den 
Berg and Schmidt-Wulffen 2015). 

A major problem arising from the transmission of performative knowledge to 
other practices was in its processes of critical ref lection. The kind of meta-ref lection 
called for within the university context poses a specific pedagogical problem: how 
can one experience the performativity of knowledge without losing its performative 
character? And without arriving back in the field of propositional knowledge? 

Current forms of implementation in higher education

A new dimension of the implementation of performative knowledge can be 
observed only at the beginning of the second decade of the 21st century. In a 
wide-ranging reform of studies, Stanford University, for instance, created the 
Ways of Thinking/Ways of Doing program in 2013. It emerged from a document com-
missioned by the university directorate that recommended a non-disciplinary 
study model and pursued a more generalist educational concept for undergrad-
uates (Sheehan 2012). “Ways” was developed for undergraduates of all faculties 
to learn about different disciplines and acquire respective skills. The compul-
sory bundle of modules “Ways” consists of a total of seven areas of competence: 
(1) aesthetic and interpretive inquiry; (2) social inquiry; (3) scientific analysis; (4) 
formal and quantitative reasoning; (5) engaging difference; (6) moral and ethical 
reasoning; and (7) creative expression. This last competence field comprises per-
formative knowledge (Stanford Undergrad 2023). The program’s website states: 

“Through a combination of instruction and mentoring, Creative Expression (CE) 
courses offer students significant opportunities to study the creative process and 
at the same time acquire the requisite skills to ‘practice’ creative expression them-
selves” (Stanford Undergrad 2023). The concept allows non-art students to visit 
the courses of their fellow students studying arts. In this way, law or manage-
ment students can participate in pottery courses, attend theater classes, or start 
a film production. However, they will also find courses such as Introduction to 
Computer Graphics and Imaging, Queered Tech and Speculative Design, Stan-
ford Laptop Orchestra: Composition, Coding, and Performance, or Wild Writing. 
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The attention to non-propositional epistemologies at Stanford University echoes 
ideas of the Hasso-Plattner Institute for Design Thinking and also highlights key-
words such as “co-creation” and “network thinking”. It is remarkable that after 
the launch of the Creative Expression program in 2015, and with no investment 
spared, large workshop and studio buildings were built on campus with a stage 
for theater and performance, sculpture and printmaking workshops, film and me-
dia studios, and spaces for music instruction. In terms of didactic development, 
however, it can be noted that Creative Expression courses primarily opened up 
existing teaching formats, such as those designed for traditional arts majors, to 
all undergraduate students. 

A different approach in this respect was taken by the Aalto University in Hel-
sinki with its University-Wide Art Studies (Tervo 2020). Aalto University, the result 
of a 2010 merger between a business school, a design school, and a technical uni-
versity, initially saw this program as a link between the faculties. Here, too, the 
idea was to develop a program based neither on classical artistic disciplines nor on 
a simplified and functionalized concept of creativity but to make available a com-
plex, non-propositional form of knowledge. Within the framework of the universi-
ty, around 30 courses were offered at the bachelor’s and master’s levels as of 2014. 
This course program included more conventional crafts such as painting, pottery, 
and design techniques, e.g. 3D prototyping, but also equine husbandry, brewing 
beer, or sausage-making (Tervo 2020). This was not just about classical artistic dis-
ciplines, but an “emergent learning” of trying things out and exploring, where the 
sharing of students’ experiences is essential. However, as it was neither an inde-
pendent administrative unit nor a compulsory part of the teaching program, it fell 
victim to austerity measures and was discontinued in 2022 (Aalto University 2022). 

A program that emerged in exchange with the programs mentioned is the 
Creative Performance Program of the private Zeppelin University in Germany, 
developed in 2012, later renamed Creativity and Performance (Schmidt-Wulffen 
2022). Teachers and participating artists developed specific didactics based on 
a post-disciplinary, conceptual notion of art. Artistic practice rather than art-
works were at the center, where “practice” was to be experienced as a collection 
of bodily and mental activities informed by the specific materials and media used. 
Like Stanford, this program implies the handing down of the experience of ar-
tistic production, such as drawing, creative writing, musical improvisation, per-
formance, photography, or film. However, a significant difference between this 
and the programs discussed earlier is that the university invited internationally 
known artists, designers, architects, and art-related yoga practitioners to work 
together in co-teaching formats (Grosser and Kleinmichel 2022; van den Berg and 
Buck 2017). To strengthen an experience beyond art objects and techniques, stu-
dents had to combine two disciplines to experience similarity and difference – the 
characteristics of aesthetic practice and performative knowledge. An accompa-
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nying theory course would deliver the conceptual premises of the program and 
allow for discussion. Alternating annual themes helped to retain the vitality of the 
program over several years (Zeppelin University 2022). 

The development of the course falsified some of the assumptions derived from 
relevant theories. While they, for example, treat the non-intentionality of aesthet-
ic practice and its foundation in the responsiveness of materials as crucial, the 
students were concerned with more elementary experiences. It emerged that it 
was especially important to foster the students’ underdeveloped observation skills 
(van den Berg and Schmidt-Wulffen 2015). They experienced narration in film, 
photography, or drawing as an essential alternative to their scientific production. 
The cooperation with fellow students, reinforced even by choreography or other 
collective practices, became a crucial course experience, hinting at something 
like swarm intelligence. Improvisation strengthened the feeling of doing it in the 
right way. Space gained a central role, experienced as a hidden guiding principle 
connected to the order of an academic institution. Several exercises forced the 
students to transgress these rules and to invent diverting behavior: participants 
exercised yoga in a law seminar – with the consent of the lecturer; students had to 
undergo the painful experience of an outsider in what was later called “affirma-
tive embarrassment” (Schmidt-Wulffen 2022, 207).

Undoubtedly the program hinted at principles of performative knowledge. 
The economy of time, however, proved to be a problem which also occurred in the 
aforementioned programs. Embodied knowledge needs exercise and corrections 
as part of a community of practice. While the program established a community, 
even addressing its specific collective swarm intelligence, it did not invest enough 
time for the bodily knowledge to develop (Schmidt-Wulffen 2022). The structural- 
ist method of combining two significant but diverse experiences through partic-
ipation in two different disciplinary courses tried to “abbreviate” a process that 

– at an art school, for example – would take years. The limitations of economic 
and epistemic rules of a university, however, did not allow for a more consider-
able “investment” to support this process. The evaluation of outcomes in the final 
presentation at Zeppelin University also demonstrated that students were much 
better in media familiar from everyday digital communication – like photography 
or film with mobile phones – than with traditional artistic crafts like drawing, 
indicating that in a postmedia world, aesthetic practice is not a matter of art alone, 
but is already generalized into daily practices. 

One is more likely today to find performative knowledge in ordinary behavior, 
which is increasingly aestheticized, than specifically in the arts. The focus on art 
also raises the question of its role in a globalized culture; but just as there has not 
yet been a stand-alone debate on integrating performative knowledge into non-
arts or sports science courses, it proved impossible to find similar efforts in uni-
versities outside Europe and the US. The reason for this might be authors’ limited 
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experience. However, it can also be understood as a consequence of the Western 
tradition, of enlightenment and its division of emotion and intellect, of arts, sci-
ence, and the everyday. Non-European cultures allow for a much more generaliz-
ing approach to embodied knowledge, even in their universities.

It is worth noting that the European programs mentioned above – which in-
clude Copenhagen Business School, Witten/Herdecke University, but also Stock-
holm School of Economics, the University of St. Gallen, and occasionally Leupha-
na University and Milan’s Bocconi University with their art programs – have 
been in close contact at times to exchange ideas about the integration of artistic 
practices into university teaching. It became obvious within these meetings, in 
which the authors of this chapter also participated, that such programs not only 
pose infrastructural demands and require careful curatorial work, they are also 
difficult to reconcile with established curricula and spatial conditions. At various 
network meetings, moreover, it became apparent that it remains controversial 
whether there is a benefit in offering such programs on a mandatory basis. What 
speaks in favor of mandatory participation is that these programs should not re-
main ultimately a destination for those whose sensibilities would always gravitate 
towards them, but should retain something resistant that is methodically valu-
able for making systems of thought tangible.

Furthermore, it became evident in the network meetings that aesthetic prac-
tice should be organized at universities as neither an alibi for personality devel-
opment nor as an excursion into an exotic episteme. It makes more sense to rec-
ognize the aesthetic practice as an aspect of academic research and to take it into 
account in the curricula. This presupposes a changed understanding of scientific 
activity in the sense of a “practice turn” (Schatzky et al. 2001), in which the aesthet-
ic–artistic aspects of the scientific activity itself are recognized. At the center of 
this changed understanding of scientific productivity is the “unfolding, dispersed, 
and signifying (meaning-producing) character of epistemic objects” (Knorr-Cet-
ina 1999, 184) that stands in process-based relation to its researching subjects. A 
new epistemology is emerging here that reaches beyond the sciences into the arts 
and even everyday practice. Universities should begin to adapt their organization 
to this epistemology to accommodate a changing society. There is a direct interre-
lation between pedagogy and the conceptual structure of universities.
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Personal Sustainability

Oliver Parodi, Christine Wamsler, and Marc Dusseldorp 

Definition

During the last decade, the concept of personal sustainability and similar ap-
proaches, such as inner transition or inner transformation, have received increas-
ing attention in sustainability science, education, policy, and practice. Personal 
sustainability is a highly transdisciplinary field and approach that deals with the 
human being and its relationality in the context of sustainable development. This 
applies particularly with regard to (1) human beings as bodily, conscious, and ra-
tional subjects, (2) their inner worlds, and above all (3) their relationships and in-
terdependencies with the external world (see Parodi and Tamm 2018b). 

As a conscious and rational subject (1), the human being is seen as a responsible 
and capable agent in the struggle for sustainable development. The human body is 
addressed, too, not only in terms of health but also as an essential condition and 
expression of human life. Inner worlds (2) include individual and collective mind-
sets, values, beliefs, attitudes, worldviews, emotions, and sensations and associ-
ated cognitive, emotional, and relational barriers and capacities (Wamsler 2020; 
Wamsler et al. 2020, 2021; cf. Hunecke 2023). These inner worlds must not only be 
described intersubjectively or scientifically from the outside, but essentially have 
to be explored and experienced individually. Those (inner) human dimensions are 
intrinsically linked to the “outer” world (3) in the context of sustainable develop-
ment in many respects: as sustainable or unsustainable acting and behavior (e.g. 
consumption, lifestyles); or as affected by outer factors (e.g. climate anxiety); as 
drivers or barriers for adequate action; or as root causes for sustainability crises 
and deep leverage points for change – and as such as fundamental to the solutions 
to the world’s greatest challenges (IPCC 2022a, 2022b; Wamsler and Bristow 2022). 

Personal sustainability is thus about addressing inner human dimensions 
to enable a deepening and expansion of human consciousness, awareness and 
connectedness (to self, others, and nature) and to nourish inner human potential 
and capacities to care for a better, more sustainable life across individual, collec- 
tive and system levels (Wamsler et al. 2021, 2022; cf. Hunecke 2023; Parodi 2018). 
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Personal sustainability thus includes a profound shift in perspectives towards a 
more relational paradigm, by emphasizing and expanding interdependency and 
connectedness. It is based on the understanding that strengthening the relation 
and connectedness to ourselves, and the world we share, is leading to an increas-
ing circle of identity, care, and responsibility, and hence to a more ethical, more 
prosocial, compassionate life – in alignment with what is needed for an (outer) 
sustainable development (Wamsler et al. 2021, 2022).

The concept of personal sustainability is immediately related to the concept 
of sustainable development. At least three relations can be differentiated (Paro-
di and Tamm 2018a, 2018b). First, personal sustainability is an integrated part of 
sustainable development that complements the current sustainability discourse, 
which is focused on outer aspects. Second, personal sustainability is a condition 
for sustainable development, as an outer sustainability transformation is not fully 
feasible without an inner transformation. And third, personal sustainability is an 
independent end in itself of sustainable development, which is important since it 
would contradict the idea to use personal sustainability as a mere instrument for 

“outer sustainability” purposes or achieving utilitarian aims.
To gain access to this too often ignored part of the sustainability discourse 

and efforts, academic concepts and methods, e.g. from psychology, anthropology, 
philosophy, neuroscience, behavioral economics, education, health sciences, and 
(micro)phenomenology, but also practical approaches of consciousness and rela-
tionship work such as contemplation and meditation techniques, perception exer-
cises, and held conversations are applied. The academic and practical approaches 
are often interlinked and complementary.

The transdisciplinary character of personal sustainability relates to both the 
macro- and the micro-level. At the macro-level, relevant knowledge and com-
petencies for personal sustainability are not only coming from scientific fields, 
but also from implicit and indigenous knowledge or contemplative and wisdom 
traditions. Acknowledging and integrating them is crucial. On the micro-level, 
personal sustainability condenses transdisciplinarity in one person: a scientific 
approach is combined with self-ref lection, exploring and personal experience and 
action. In parallel, approaches with a similar focus, like inner transformation, inner 
transition, inner change, personal development, and personal spheres of transformation 
have been developed. 

Background

Sustainable development as global guiding principle has been present in the po- 
litical acting and scientific discourses for more than 30 years (Dixson-Declève et al. 
2022; Schultz et al. 2008; WCED 1987). But, despite wide-ranging actions at trans-
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national, national, and sub-national levels, sustainability problems like poverty, 
unequal income, climate change, environmental pollution, exploitation of natural 
resources, the massive loss of biodiversity and fertile grounds are still getting worse 
and challenges are increasing globally. Policy approaches as well as new technolo-
gies have failed so far to generate change at anywhere near the rate, scale, or depth 
that is needed (IPCC 2022a, 2022b). At the same time, the knowledge required for 
a sustainable development has increased massively over the past 30 years – in all 
dimensions: system knowledge, target knowledge, and practical knowledge. From a 
natural-scientific and technical point of view, we have known what to do for decades.  
But the gap between knowledge and action is increasing dramatically.

So, what’s going wrong? If one looks at (un)sustainable development as a 
cultural phenomenon, where culture and cultural change is carried out in the 
interplay between the collective and the individual (Hansen 2011), one can rec-
ognize that almost all effort for sustainable development so far has been located 
at the collective side of culture (technology, legislations, rules, economic mecha-
nisms, political strategies, etc.). This focus on collective and outer aspects is part 
of modern societies’ scientific and mechanistic worldview – and, as a result, cli-
mate change, loss of biodiversity, and other sustainability problems are generally 
framed as outer – technical or political challenges which are addressed with a “fix-
it mindset”, and less as a matter of human consciousness, worldviews, associated 
disconnectedness, and alienation (Leichenko and O’Brien 2019). 

While the role of individuals and their inner worlds were initially largely ig-
nored, over the past two decades they have been increasingly considered in the 
sustainability discourse, but from an external, and instrumental perspective (e.g. 
nudging). Inner, and relational perspectives, capabilities, and interdependencies 
remain largely ignored however (Parodi 2011; Wamsler et al. 2022). This, in turn, 
narrows the possibilities for deeper change that requires tackling the human and 
inner root causes of global challenges. Put together, personal sustainability in-
volves a change of perspective and as such is not an alternative but a complement 
and should be an integrative part to the common discourses, theories and prac-
tices of sustainable development.

As for etymology, the term personal sustainability is translated from the German 
term Personale Nachhaltigkeit. It was invented and introduced in 2008 in the course 
of the formation of the School of Sustainability at the Karlsruhe Institute of Tech-
nology as a search term and working title for new ways of understanding, teaching 
and practicing sustainable development (Parodi 2011; Parodi and Tamm 2018b). 
The attribute personal seemed to be best suited to describe the intended focus on 
human, individual, and inner human aspects of sustainable development. Thereby 
the term person describes a human being as a relational individual in its specific 
character of being conscious, responsible, and able to act reasonably. In this sense, 
personal sustainability is also always to be thought of as transpersonal sustainability.
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Although personal sustainability is a new field of transdisciplinary research, it 
has antecedents and roots in earlier fields and concepts. At the least, sustainabili-
ty science, environmental psychology, behavioral economics, systems theory, human ecolo-
gy, and socio-ecological research have to be mentioned here. Deep ecology (Naess 1972) 
and ecopsychology (Roszak et al. 1995) can be seen as precursors of a kind. Another 
practice- and change-oriented root lies in the field of sustainable or ethical leadership 
and at the interface between arts and sciences in the context of sustainable devel-
opment. Finally, in the sphere of the ecological movement and community-build-
ing there are a lot of efforts that bring together ecology and personality, as well as 
communal and individual sustainable development (e.g. Joubert and Alfred 2007).

Debate and criticism

Personal sustainability is still an emerging field of transdisciplinary sustainabil-
ity science and action, and still a search term for a huge field of unexplored phe-
nomena and interdependencies. the publication Personal Sustainability (Parodi and 
Tamm 2018a) was a first important step to grasp and map the research field, and 
it was accompanied by further advances, reviews, and theoretical developments 
(Wamsler et al. 2021, 2022). The latter include, for instance, “the inner–outer 
transformation model” (Wamsler et al. 2022), “the three spheres of transforma- 
tion model”, and conceptual ref lections on paradigm shifts in consciousness from 
an I–I, I–it to an I–We World (Parodi 2018; Siegel 2022). The number of publi-
cations on personal sustainability and related discourses is growing rapidly, and 
researchers’ networks like the international Inner Transition Group conduct coop-
erative research and produce collective publications; they also exchange ideas on 
related teaching tools  (Woiwode et al. 2021).

A recent literature review systematizes the current linkages between inner 
and outer transformation in different research disciplines (Wamsler et al. 2021). 
It shows that in psychology, mental health and related applied sciences (including 
leadership, personal, and adult development), diverse context-sensitive frame-
works have been developed for understanding individuals, their (cognitive) drivers,  
and the motivations that can inf luence sustainability. However, they tend to give 
little consideration to wider societal or systemic issues. Related exceptions come 
predominantly from the field of environmental psychology.

Contributions in the discipline of behavioral economics tend to focus on individ-
uals (or consumers) and the cognitive, motivational, and contextual factors that 
affect their decisions and choices. Within this context, approaches are limited 
with respect to: (1) psychological mechanisms; (2) the emphasis on quantitative as-
sessments (mostly via experiments); and (3) their instrumental approach (Wams-
ler et al. 2021, 4).
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Studies from sustainability science and education tend to emphasize the im-
portance of systems change and the lack of individual agency due to structural 
constraints. They focus on systems analyses of wider socioeconomic structures, 
dynamics, and technology, often based on interdisciplinary and mixed-methods 
approaches. The role of individuals is, in this context, perceived to be of little im-
portance (see agent–system dichotomy, Wamsler et al. 2021, 5).

At the same time, there is increasing recognition and associated systems the-
ory that inner dimensions are deep leverage points for change (Ives et al. 2020; 
Wams-ler et al. 2021, 7-8). They are more difficult to inf luence, but lead to more 
substantial transformation, as it is from this level that the system’s goals, struc-
tures, rules, and parameters emerge. Despite the urgent need to better link inner 
and outer approaches for sustainability and climate action, related knowledge is 
still scarce and fragmented (Meadows 1999, 7–8).

One central question in the current personal sustainability debate is the rele-
vance of relations, connection, and interdependency. There is mounting evidence 
that the human story of separation, disconnection, and alienation is the underly-
ing common thread of interlinked social, socioeconomic, and environmental crises 
and, in general, of today’s global unsustainable way of life (Leichenko and O’Brien 
2019; Wamsler and Bristow 2022; Wamsler et al. 2021). Separation, dualism, and 
disconnection form parts of the modern worldview – and are part of the success 
story of modern civilization: abstract thinking, science, predicting, controlling, 
and exploiting our environments via technology are achievements that allow and 
support wealth and security. At the same time, the massive and life-threatening 
destruction of the human environment and of humans’ own basis of life is a direct 
consequence of this separation. The world seen as a pure object, free for human 
use and unrestrained access has led to the present excessive overuse and alien-
ation. With the rise of science and technology, humans have become increasingly 
removed from nature, from each other, and even from themselves (Wamsler and 
Bristow 2022, 4–11). Climate change and all other sustainability problems can thus 
also be understood as an unintended – albeit deeply inscribed in culture – conse-
quence, a subconscious manifestation of the globalized disconnected modern way 
of life, or, pointedly, of human being (Wamsler and Bristow 2022, 5).

In consequence, one crucial sustainability challenge is to “know thyself” (Nie-
haus et al. 2018, 51) to become aware of ourselves, our individual and collective 
inner worlds, worldviews, emotions, and attitudes. And then, to work on (reestab-
lishing) our relations and connections to the world in and around us. In essence, 
personal sustainability work essentially means relationship work – regarding how 
we relate to ourselves, others, and the world at large.

For personal sustainability as a scientific endeavor, an important (transdisci-
plinary and methodological) question is about how to link and integrate knowl-
edge from the increasing number of studies that look at personal sustainability 
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topics, especially at the linkages between inner and outer (systems) change. How-
ever, related approaches are segregated across multiple disciplines that use het-
erogeneous terminology, with different ontological, epistemological, and ethical 
underpinnings. In addition, most studies adopt a narrow scope. They look at the 
link between individual and systems change from a one-directional perspective 
(Wamsler et al. 2021).

To actualize its transformative potential, personal sustainability has to be-
come more inter- and transdisciplinary, and become common practice (e.g. in 
the course of relationship work). In addition, it is important to highlight that sus-
tainability is not only a scientific endeavor. Engaging with inner human worlds 
requires introspection, self-perception, and experience that are to a high degree 
individually and not easily accessible for traditional scientific approaches. 

Consequently, personal sustainability is also normative and programmatic, 
because (1) on the micro-level it is about experiencing and being involved, to per-
ceive, feel, and be as a human being – and not only to think and learn about in-
ner worlds from a scientific mediated third-person perspective; and (2) on a mac-
ro-level, following the proverb “You can’t solve problems with the same mindset 
that created them”. In fact, current worldviews and scientific approaches are at 
the root of our unsustainable way of live, and thus we have to challenge them – 
without ignoring or rejecting them completely.

All in all, despite advances, more interdisciplinary discourses, and theory and 
method formation, are needed to advance the transdisciplinary field of person-
al sustainability. This includes exploring aspects, phenomena, and practices of 
personal sustainability in diverse and new ways. The latter is linked to a call for 
a “personal sustainability science” that works in a connected way and includes 
more first-person research and methods such as micro-phenomenology. More in-
vestigation into different forms of education and practices is needed (Parodi and 
Tamm 2018a, Wamsler et al. 2021).

Current forms of implementation in higher education

In the context of transdisciplinary learning, personal sustainability puts empha-
sis on self-knowledge, relationship work, and people’s potential as change agents 
to support individual, collective, and systems change. Courses in this field dif-
fer in their foci regarding: (1) the individual, collective, or system level; (2) their 
transdisciplinary and transformative substance: more cognition-, experience-, or 
action-oriented; and (3) their closeness to and occupation with sustainability sci-
ence and concepts.

A review of evidence-based academic literature by Wamsler et al. (2022) suggests 
four interrelated categories of practices that can contribute to personal sustainabil-
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ity: (1) contemplative practices and interventions; (2) psychological- and cognitive–
behavioral-based interventions; (3) transformative facilitation, communication, 
and coaching tools; and (4) transformational education and leadership approaches.

Over the past five years, scholars and practitioners have increasingly combined 
and adapted such practices for personal sustainability to develop transformative 
education and leadership approaches in higher education. They have combined 
complexity and systems and design thinking with various practices, and come up 
with a certain theory and pedagogy for linking inner and outer change (Wamsler 
et al. 2022). Transformative education is increasingly offered by universities all 
over the world, but only few explicitly address personal sustainability and inner 
transformation in a comprehensive way. One example comes from the Waterloo 
Institute for Social Innovation and Resilience (WISIR, Canada). Their “Decolo-
nial Systems Thinking & Resilience” courses offer a series of seminars and pro-
fessional development courses that help to foster the capacity for in-depth work 
and cross-cultural capabilities for broad, systemic change. Through decolonial 
practices and methodologies, these courses – held by a couple of scientific and In-
digenous knowledge holders – support the cultivation of new skills and capacities 
required for sustainability transformations.

Another example, the “Sustainability and Inner Transformation” course at 
Lund University Centre for Sustainability Studies (LUCSUS, Sweden), runs every 
year over three months and includes lectures, seminars, councils, and a practice 
lab that are designed to explore the role of inner dimensions, to support individ-
ual, collective, and systems transformation toward sustainability. Knowledge, 
tools, and practices from sustainability science, social neuroscience, psycholo-
gy, behavioral economics, contemplative studies, climate policy integration, and 
inner–outer transformation theories are systematically integrated. A further re-
cent example from the University of Natural Resources and Life Sciences Vienna 
(Austria) consists of a course on “The Inner Dimension of Sustainability: The Role 
of Values, Emotions and Worldviews”. Over two weeks, students explore the inner 
dimension of sustainability on both theoretical and practical levels.

At Karlsruhe Institute of Technology (KIT, Germany) there have been cours-
es and seminars explicitly focused on personal sustainability since 2008. These 
courses address the individual and systemic level, are self-experience and rela-
tion-oriented, and link inner aspects closely to the common theory, concepts, and 
debates of sustainable development. Further courses at KIT, like transformative 
project seminars (since 2015), include self-experiments and address inner psycho-
logical resources of sustainable development. 

In addition, the Principles for Responsible Management Education (PRME), a 
United Nations-supported initiative, engages worldwide in personal sustainabil-
ity education and offers related train-the-trainer programs (“The Sustainability 
Mindset Action Lab”).
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Aside from higher education, a growing number of private and nonprofit or-
ganizations offer or support adult development and leadership courses all over 
the world that include aspects of personal sustainability. Examples of organiza-
tions working in Africa, Asia, Latin America, Europe, the US, or Australia include 
The Work That Reconnects, Pacific Integral, The Inner Green Deal, The IDG Initia-
tive; RTLWorks, and CChange. And an increasing number of guidelines provide 
an overview of different practices (Wamsler et al. 2022).

Overall, transdisciplinary settings are particularly fruitful for supporting sus-
tainable development and associated education, as transdisciplinary methods have 
inherent didactic qualities (Dusseldorp and Beecroft 2012, 11–35). Personal sus-
tainability can and should become an integrated part of related endeavors. Ivanova 
and Rimanoczy (2022) present examples across five continents and over 150 student 
voices depicting transformative experiences and shifts in mindsets. Put together, 
this shows that personal sustainability education is urgently needed and possible.
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Real-World Lab

Oliver Parodi, Anja Steglich, and Jonas Bylund

Definition

In the pursuit of accelerating and extending sustainability transformations, an ex-
perimental turn has occurred in sustainability research since the 2000s. Around 
the globe, more and more transdisciplinary laboratories and workshops like living 
labs, transition labs, etc. are established in real-world contexts, which foregrounds 
experimentation for more sustainability (McCrory et al. 2022; Turnheim et al. 
2018). However, in Germany, a specific form of transdisciplinary experimental lab 
was developed during this time: real-world labs (German: Reallabor). These models 
are elaborate and impactful in terms of promoting change in everyday settings, 
with a focus on transdisciplinary and transformative sustainability research at 
the intersection of science and society at large. Against the background of increas-
ingly pressing sustainability challenges and a necessary change in science (Schnei-
dewind and Singer-Brodowski 2014; WBGU 2011), the concept of real-world labs 
found its way into academic research discourse and practice in the early 2010s 
(Parodi 2011; Schneidewind and Scheck 2013). Real-world labs are places and incu-
bators to develop and research sustainability solutions, or, in a nutshell, to exper-
iment and examine desirable societal futures by scientific means. 

Real-world labs can be set to explore a wide range of issues. This can be, for ex-
ample, regenerative energy supply, socially responsible environmental protection, 
sustainable consumption, climate protection, or even the sustainable development 
of a city district. Many examples can be found on the real-world lab network web-
site (2023). The crucial common aspects in how real-world labs are realized is that 
researchers and problem-owners enter into dialogue, share goals, and collaborate 
in practice. Researchers and (other) societal actors proceed transdisciplinarily and 
cooperatively, learn from each other, ref lexively minimize risks, and jointly initiate 
and shape contributions to sustainable development (Bergmann et al. 2021).

In terms of content and concept, the recent term real-world lab still remains 
open to interpretation. Its definition is the subject of scientific and political de-
bate (Schäpke et al. 2018) and does not meet with consensus. However, a widely 
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shared sense of what real-world labs are has emerged in theoretical, conceptual, 
and practical discourse: a real-world lab describes a transdisciplinary research 
and development facility and setting that serves to conduct experiments in a spa-
tially delimited societal context, initiate sustainable transformation processes, 
and support scientific and societal learning processes respectively (Parodi et al. 
2017, 80). Although definitions may vary, these aspects are ref lected in them (see 
de Flander et al. 2014). Based on this understanding of real-world labs, a set of 
nine constitutive core characteristics can be identified (Parodi et al. 2016):

1. Research orientation: Real-world labs are research undertakings aimed at gen-
erating knowledge, specifically transformative knowledge.

2. Design and transformativity: Real-world labs contribute directly to societal 
change and sustainability transformation. They provide concrete contribu-
tions to sustainable development in practice.

3. Normativity and sustainability: Real-world labs are normative undertakings; 
they follow the guiding principle of sustainable development and make their 
normative starting points transparent.

4. Transdisciplinarity and participation: The predominant scientific mode in re-
al-world labs is transdisciplinarity. From a social perspective, participation 
and co-design are central elements of real-world lab work.

5. Civil society orientation: In addition to other non-academic actors (such as local 
government, companies, schools), civil society actors and inhabitants in par-
ticular are also involved.

6. Model character: Real-world labs are place-specific and context-bound, but strive 
for transferability of results and solutions to other contexts, spaces, or scales.

7. Long-term: Real-world labs should be set up for as long as possible (ideally a 
minimum of five years, but potentially  several decades), in order to be able to 
accompany transformation processes both scientifically and in everyday prac-
tices and to evaluate them ex post.

8. Laboratory character and experimental space: Real-world labs are for experiment-
ing and provide specific (social) spaces, possibilities, and opportunities for 
joint experimentation.

9. Education: Real-world labs are highly condensed ref lexive and learning spaces 
and as such at least implicit educational institutions. If possible, they should 
integrate educational aspects into their activities.

Ideally, one would only speak of a real-world lab when all these characteristics are 
present. Beyond that, real-world labs are closely related to other kinds of co-creative 
labs – such as living labs, transition labs, or green urban labs (Aßmann et al. 2017; JPI 
Urban Europe 2023). The explanation of the term and the list of constitutive core 
characteristics can also be used to distinguish real-world labs from related concepts 
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and labs. For instance, living labs are similar to real-world labs regarding character-
istics 1, 2, 4, 6 and 8 but not necessarily to the characteristics of 3, 5, 7, and 9. 

Etymologically, the term also refers to the decades older term real-world exper-
iment and the related notion of “society as laboratory” (German: Gesellschaf t als La-
bor) (Krohn and Weyer 1989, own translation). It draws upon the critical discourse 
on the risks of technically advanced societies and the (inadequately perceived) role 
of science in the 1980s but turns it into a constructive approach. 

Background

The development of real-world labs as hybrid entities at the intersection of re-
search and society ties in with different, partly convergent schools, concepts, and 
currents in science and society (Parodi et al. 2017). It is the combination of these 
that bestows on real-world labs their novelty and originality. The central problem 
background is the increasingly destructive side effects of modern lifestyles and 
economies, endangering the continued existence of humanity. The concern for a 
good, humane life for all in the future and the corresponding efforts towards sus-
tainable development (Dixson-Declève et al. 2022; Schultz et al. 2008) is the main 
motivational and innovation driver for real-world labs. Historically, the idea and 
first implementations of real-world labs originate from transformative sustain-
ability research (Schneidewind and Singer-Brodowski 2014; Wiek and Lang 2016).

The urgency of societal crises, such as climate change and its effects on eco-
systems, habitats, and societies, also makes clear the need for action in sustain-
ability research and calls on the research community to move from knowledge to 
action. Thus, real-world labs can be seen as a contemporary practical and applied 
form of sustainability research. With the transformative approach of real-world 
labs, transdisciplinary research has been expanded to the effect that the goal is 
no longer only to gain knowledge – the production of knowledge for sustainable 
development – but also to develop practical impulses: contributions to sustainable 
development in the course of the research. These take place in the form of (trans-
disciplinary) experiments. Real-world labs are both a specific case of applying 
transdisciplinary research and its further development. With their direct design 
mission, real-world labs leave the sphere of conventional academic research and 
become a force to change and reshape societies. They are at the same time knowl-
edge producers as well as practical actors outside the academic context and in this 
respect trans-scientific. This ambivalence does not imply that they are non-scien-
tific. However, they do not only proceed scientifically – which in turn gives rise to 
specific potentials, but also to challenges.

Thus, real-world labs operate also in the tradition of those forces of inter- and 
transdisciplinarity that try to broaden, renew, and reform research and science 
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(Bergmann et al. 2021). In general, their aim is to bring the cognitive processes of 
research closer to the issue at hand in order to be able to grasp and describe them 
more accurately. In the case of real-world labs, the issue is the transformation of 
an unsustainable society into a sustainable way of life and economy. Real-world 
lab research – and also teaching – approaches these transformation processes 
from an inside perspective. Real-world lab researchers are part of the change and 
gain their knowledge from an active and participating perspective. Real-world 
labs and the idea of the “Great Transformation” (Polanyi 2001) introduced into sci-
entific and political debates, develop in parallel and relate to each other (WBGU 
2011, 2016). As “institutions of change” (Parodi 2019, 8, own translation), re-
al-world labs are intended to support, research, and accelerate the transformation 
of settlements in particular (WBGU 2016).

Alongside sustainable development, transdisciplinarity, and transforma-
tive research, the democratization of science forms another ideal root of the re-
al-world labs. Against the background of a democratic society, in real-world labs 
the knowledge-producing process of research is more closely linked to the legit- 
imized subject of knowledge: the population, the citizens, and the diversity of so-
cial actors. Thus, participation, the involvement and co-determination of many 
actors – if possible from the beginning – is an essential part of real-world lab work 
(Parodi et al. 2018). As many levels of participation as possible, from information 
to consultation, cooperation, and empowerment are to be realized (Meyer-Soylu et 
al. 2016; Parodi et al. 2018). Science communication and bidirectional knowledge 
transfer play a central role in the work of the real-world labs: not only research 
should be communicated to different actors in popularized or non-technical jar-
gon. Similarly, impulses from non-academic actors should be equally incorporat-
ed into the real-world lab activities in order to generate scientific and societal res-
onance and effectiveness (Steglich et al. 2020). Furthermore, a democratization 
of research takes place directly through an (equal) participation of non-academic 
actors in the entire transdisciplinary process: from agenda setting to co-design 
and co-production to the utilization of the results.

The orientation on civil society also expresses the democratization of science. 
Extensive and far-reaching cooperation between science and private sector actors, 
especially in technology and product development, is widespread. The inclusion of 
citizens, (local) government, and civil society groups (including nongovernmental 
organizations) in real-world lab work broadens the social base of people participat-
ing in science. In this process, civil society grows into a new role that is crucial for 
transformation: through the direct participation in knowledge production made 
possible by real-world labs, civil society is recognized as a full partner in research.

Historically, both the term and the first real-world labs launched originated 
in transformative sustainability research: Schneidewind and Scheck (2013) intro-
duce the term in the context of a transformative science, which not only conducts 
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research on transformation processes but also actively supports them. Real-world 
labs have developed into a research format in their own right that methodical-
ly condenses and practically concretizes transformative sustainability research. 
From the very beginning, real world labs – directly linked to urban development, 
urban research, and urban transformation – were conceived as a framework for 
societal research, transformation, and learning processes (de Flander et al. 2014). 
Already at the beginning of the real-world lab discourse, the above characteristics 
1, 2, 3, 4, 8 are programmatically linked to the real-world lab concept. Almost at the 
same time, first proto-real-world labs emerged apart from the conceptual debate, 
such as the District Future – Urban Lab (2023; and see Parodi 2011), whose objec-
tive is the sustainable transformation of an existing urban district in Karlsruhe by 
means of a long-running transdisciplinary and participatory process (Parodi et al. 
2018). To date, the establishment and spread of the term and concept have been ac-
companied by a semantic diversification and partial reinterpretation of the term.

Debate and criticism

Are real-world labs really new? The concept, discourse, and practice of real-world 
labs are undoubtedly new, especially in the context of academic research. How-
ever, real-world labs build upon many strands of discourse and practice, some of 
them decades old, combine them, and develop them further (JPI Urban Europe 
2023). Since real-world labs are essentially about the concretization, operational- 
ization, and ideally institutionalization of transdisciplinary sustainability re-
search, the debates about real-world labs focus predominantly on aspects of 
transdisciplinarity and transformative research. Some of the real-world lab char-
acteristics are controversial, such as the question of whether and how real-world 
labs are to be aligned with the guiding principle of sustainable development (for a 
critical appraisal, see Defila and Di Giulio 2018).

The term combines and merges reality and laboratory and thus points to a im-
manent epistemic tension between, on the one hand, the highly controlled en-
vironment of a laboratory, with which the attempt is made to create a stringent 
framework for the production of knowledge out of delimited experiments, and, 
on the other hand, the non-academic everyday practices full of complexity and 
contingency. In order to achieve impact, real-world labs must be based in every-
day life settings and are therefore context-bound. This in turn makes it difficult 
for them to generate transferable knowledge. In this respect, real-world labs often 
run the risk of merely producing case studies while comparative analysis between 
them still needs to be done, bar a few rare occasions.

The role of the participating researchers in real-world labs is sharpened by the 
dual objective and strong proximity of research and design. Thus, in addition to 
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being the “honest broker” and “issue advocate” (Grunwald 2019, 170–76), the aca-
demic researcher is potentially also present in the role of designer, mediator, and 
process organizer. Hence, in addition to (individual) conf licts between roles and 
interests, the researcher involved may be overtaxed. However, some of these role 
conf licts are due to the hitherto unbalanced sponsorship of real-world labs.

Ideally, the f low of funds and sponsorship corresponds to the types of re-
al-world lab activities. Hence, real-world labs should be supported and financed by 
research funding and other areas of society, but in reality, they have so far mainly 
been financed by the research funding system (in contrast to other labs interna-
tionally financed from a diverse range of funders; see Bylund et al. 2022). This 
distortion of funding and sponsorship hinders the development of transformative 
potential and discredits real-world labs as research ventures. Thus, it is not the 
task of academic research to shape society directly or to pursue societal trans-
formation. A real-world lab financed exclusively by research funding misuses re-
search resources for design purposes. On an individual level, the scientific spon-
sorship of real-world labs leads to conf licts and double burdens, as researchers  
have to manage research as well as design (processes). The necessary, often costly 
non-scientific activities such as the conception, initiation, and support of trans-
formation processes, event organization, communication, etc. are rarely reward-
ed in the academic research system. 

A major potential of real-world labs is to institutionalize them as actors of 
change (Karvonen 2018; WBGU 2016). Real-world labs, which – similar to engi-
neering or natural science laboratories – would be established for 30, 50, or 100 
years, would be a true innovation in the science system and would entail new 
framework conditions and unprecedented possibilities for transdisciplinary and 
transformative research. Transformation processes could be stimulated, accom-
panied, and researched over the long term, and evaluated ex post. So far, with 
few exceptions, real-world labs have been designed as research projects with du-
rations and funding periods of about three years. However, far-reaching social 
and cultural transformation processes do not take place within a few years, but 
take decades. In addition, setting up a real-world lab can take a great deal of time 
and money: exploring the social context, identifying relevant actors, building 
trust and networks, acquiring real-world lab skills and premises, synchronizing 
research, practice, and teaching. The multifaceted and intense set-up work in a 
project lasting only a few years becomes disproportionate to the actual experi-
mental work and its evaluation.

Current research questions for the further development of real-world labs are 
“What impact do real-world labs really have?”, “How can we scale them up?”, and 
“How can real-world labs contribute to a to sustainable technology transformation 
in a ref lexive and responsible manner?” (Parodi et al. 2022). 
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Current forms of implementation in higher education

Real-world labs aim to implement and perpetuate scientific and social learn-
ing (Singer-Brodowski et al. 2018), and are thus didactic undertakings per se. 
Through the coupling of research, teaching, and practice, as well as the involve-
ment of many often very different kinds of actors (Parodi et al. 2018; Steglich et al. 
2020), real-world labs form rich learning environments and are, at least implicitly, 
educational institutions (Beecroft 2018). Education can occur at all scales: from 
individuals to groups, organizations, and society at large. Dialogue, resonance, 
and ref lexivity are central aspects of learning. As a framework for transdisci-
plinary and transformative research, they enable precisely those didactic aspects 
of transdisciplinary and transformative research.

The forms of didactic implementation in the real-world lab are as diverse as 
the constellations of topics and actors within the lab or its social and spatial con-
texts. They range from self- and group experiments, conventional or transfor-
mative seminars incorporating student projects, service learning, lecture series, 
training courses, practical or scenario workshops, to self-experience of personal 
sustainability (Parodi and Tamm 2018) or serious gaming forms such as planning 
or learning games in which the actors involved swap roles (Beecroft 2018). In addi-
tion to the obvious and often established connection with university teaching (see 
Beecroft 2018; Steglich et al. 2020), real-world lab educational activities are also 
finding their way into primary, secondary, and vocational schools. An established 
link between real-world lab research and university teaching can be found for ex-
ample at Leuphana University Lüneburg, ETH Zurich, TU Berlin, and the Karls-
ruhe Institute of Technology, where lab activities are integrated in the accompa-
nying studies in sustainable development as transdisciplinary student projects. 
Related labs are also being directly integrated into higher education outside Eu-
rope, such as Cité-ID in Montreal, Canada. As real-world labs are showing signs of 
transformative potential and impact, other universities are currently expanding 
their offerings related to this approach. 

Overall, real-world labs, in their pursuit of sustainability and with their core 
characteristics, offer a universal and f lexible framework that can be applied 
around the world. However, they only work if they are adapted to and integrated 
in the local social and cultural context.
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Research Integrity

Marie Alavi and Tobias Schmohl

Definition

Research integrity refers to the conduct of research in accordance with accepted re-
search norms and practices as well as ethical values. It is helpful to examine the 
term’s constituent parts in order to define this concept more precisely. 

In general, research refers to a methodologically sound and critically minded 
scientific investigation: It is a process of exploring the new or unknown accord-
ing to methodological standards usually derived from domain-specific contexts 
and under the premises of objectivity, reproducibility, and reliability. Students 
and research professionals must adhere to their discipline’s standards, codes, 
and guidelines as well as those of their institutions (universities, businesses, or 
research organizations) and their respective governments’ laws, rules, and regu-
lations. The importance of disseminating findings to other researchers (science to 
science), practitioners who apply their findings in practice (science to business), or to 
the general public (science to society) is also growing. Given the societal, ecological, 
political, and economic significance of research findings, one of the most impor- 
tant requirements to all research actors, fields, and disciplines is “to ensure the 
highest levels of integrity in research” (OECD 2007, 1), to maintain society’s trust 
in research, to protect the reputation of researchers and institutions, to ensure the 
reproducibility of research results, and to prevent fraud and misconduct (Science 
Europe 2017, 2-5). 

The word integrity is composed by the Latin prefix in- (not) and the verb tangere  
(to touch). Its adjectival form, “integer”, refers to the state of an entity that is “in 
no way touched, affected, altered [or] corrupted” (ten Have et al. 2021, 641). In this 
sense, research integrity consequently carries moral implications: There is wide-
spread agreement that research should be conducted ethically and in conformity 
with the established norms in order to generate honest and reliable research re-
sults. In this context, the term “integrity” refers to the disposition of researchers 
to conduct research in accordance with appropriate ethical, legal, and professional 
frameworks, obligations, and standards. This relates to several levels of account-
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ability, including those of individual researchers, their institutions, (potential) 
clients, the government, and the general public. 

Between individuals, structures, and systems, research is conducted on a 
multilateral scale. Therefore, all parties involved in or inf luencing the research 
process are expected to generate scientific knowledge in an honest, valid, and 
trustworthy manner, ideally independent of ideological, economic, or political 
motives. Individual researchers, collaborative teams (institutional, inter-insti-
tutional, international, corporate), research performing organizations (such as 
universities and non-university research institutions), research funding organi-
zations, scientific journals and publishers are parties involved in research. More-
over, public authorities, “university administrations, ethical review institutions, 
[and] legislation” (Helgesson and Bülow 2023, 118) are expected to establish the 
conditions necessary for the achievement of research integrity in its entirety. 

Research integrity encompasses both external and internal research norms: 
external norms in the form of laws or regulations, guidelines, codes, or rules that 
guide the conduct of researchers, and internal norms in terms of internalized 
standards or desired behaviors. The research integrity framework addresses re-
search actors’ behavior and responsibility (a, c), as well as the conduct and impact 
of the research itself (b, c).

(a) Research integrity is the attitude of research actors to conduct research in 
an accountable, equitable, and reliable manner within the context of gener-
ally accepted scientific common sense and a scientific ethos (in the sense of 
a research habitus; Steneck 2006, 55). Different research integrity codes of 
conduct provide a normative framework for individual researchers, research 
collectives, institutions, and higher education. General codes cover content 
which is relevant across disciplines, such as the research environment, train-
ing, supervision and mentoring, research procedures and ethics structures, 
data practices and management, research collaboration, dissemination, pub-
lication, reviewing, and integrity breaches, and share (to varying degrees) 
fundamental principles to be applied in all research contexts, such as honesty, 
accountability, reliability, respect and others (WCRI 2010; WCRI 2013; ALLEA 
2017), while discipline-specific, institution-specific, or region-specific codes 
focus on specialized aspects and needs of institutions.

(b) Research integrity also refers to both the research process (conduct) and the 
reporting or publishing (dissemination) of scientific information. As a result, it 
includes systematic procedural guidelines for responsible conduct of research 
to ensure the quality of the methodological process (Wilder et al. 2022, 206). 

(c) Finally, research integrity is closely related to research ethics, which refers to 
the ethical responsibility of research and research actors (Steneck 2006, 56). 
Research ethics emphasizes behavior, attitude, values, and virtues. Therefore, 
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research integrity and research ethics should be understood holistically as 
complementary perspectives that relate to a situation, problem, or strategy to 
varying degrees.

Research integrity transcends disciplinary, thematic, cultural, and national 
boundaries by incorporating all of these factors and multiple viewpoints. There-
fore, a transdisciplinary approach to research integrity education offers a promis-
ing means of effectively communicating pertinent aspects of research integrity 
across disciplines.

Background

Research integrity is not an enshrined construct, but has been a topic of ongoing 
activities of the research community for two decades. It spans national, institu-
tional, and disciplinary boundaries in a “global effort to foster integrity” (Steneck 
et al. 2017, 3). Numerous guiding documents, conferences, studies, or educational 
resources have emerged in this context. Fifty-two nations are currently represent-
ed at the World Conferences on Research Integrity, held in Lisbon (2007), Singa-
pore (2010), Montreal (2013), Rio de Janeiro (2015), Amsterdam (2017), Hong Kong 
(2019), and Cape Town (2022), as a result of initial work by the United States Office 
of Research Integrity and two members of the Organisation for Economic Co-op-
eration and Development, Canada and Japan. The European Code of Conduct for 
Research Integrity (ESF and ALLEA 2011), which was intended to serve as an um-
brella standard for Europe (revised and published in its final version in 2017), or 
the Montreal Statement on Research Integrity (3rd World Conference on Research 
Integrity) are some of the concrete reference documents for research standards 
that have emerged primarily in the last decade. The conclusions of the Council on 
research integrity (Council of the European Union 2015) was another significant 
document because it placed an emphasis on ethical principles in addition to in-
tegrity. This was followed by the Hong Kong principles (Moher et al. 2019), which 
emphasize researchers’ behavior. On the global landscape, there are several other 
guidelines. To implement them on the institutional level, they are either imposed 
on institutions by government mandates or by making their establishment a re-
quirement to receive funding. However, most higher education institutions im-
plement the standards on the basis of their commitment (Steneck 2006, 67), with 
the demand for easy access and dissemination among their researchers, employ-
ees, and students emphasized. 

These efforts paved the way for further initiatives promoting and safeguard-
ing research integrity and ethics and creating an interplay of various types of 
expertise and methodologies. Among such initiatives are science-led infrastruc-
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tures like the ombuds system as well as reproducibility networks, research in-
tegrity offices and research ethics committees, which serve as platforms for the 
dialogue between organizations and professionals and provide advisory services 
for the investigation of misconduct or ethical aspects. In addition, several guid-
ing, mentoring, and training initiatives as well as studies thereof have emerged. 
The different instructional, methodological, and content-related programs for 
professionals, educators, students at different levels of qualification, institutions, 
policymakers, and ideally industry stakeholders show the different angles from 
which we can approach a comprehensive culture of research integrity and meet 
the current needs of specific communities. 

The reason for many initiatives regarding research integrity are breaches in 
research. The research community places particular emphasis on serious miscon-
duct like fabrication (creating data and reporting them as if they were real), falsifi-
cation (the manipulation, modification, withholding, or elimination of data), and 
plagiarism (taking others’ statements, data, ideas with inadequate or no citation 
of the source; Bouter 2020, 2364). Moreover, so-called questionable research practices 
exist in the gray area between scientifically desirable practices and those to be re-
jected (Fanelli 2009, 1). Among many others, such practices include cooking (giving 
ordinary observations extraordinary character), mining (highlighting a discovered 
statistically significant relationship as the true intention of the analysis), selec-
tive reporting or citing (only if it meets one’s own expectations), etc. (Bouter 2020, 
2364). Predatory and hijacked journals (Abalkina 2022) and AI-based paraphras-
ing tools or text generators pose new challenges to research integrity. 

Debate and criticism

The need for trustworthy and high-quality research is the main driver in the estab-
lishment of research integrity, while persistence of misconduct and questionable 
research practices demonstrates that research integrity is not firmly established 
in the field. Especially the latter are considered to be remarkably detrimental due 
to their greater prevalence (Bouter et al. 2016, 2363). John et al. even assume “that 
some questionable practices may constitute the prevailing research norm” (2012, 
524). Therefore, there is a great need for a multi-perspective approach of enabling, 
empowering, mentoring, and training across disciplines, actors, and institution-
al structures. These include the implementation of codes of conduct as guiding 
documents for institutions and the monitoring of their observance, the establish-
ment of peer review systems, the introduction of ethics committees, the conduct 
of misconduct investigations, and strengthening the position of whistleblowers 
(e.g. ORI 1995). In addition, the concept of open science represents an opportunity 
to make research findings “more traceable and verifiable” (Haven et al. 2022, 2), 
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also for the benefit of citizens as recipients of research results (Priess-Buchheit et 
al. 2020, 30). 

Kalichman points out that research integrity involves “socialization, incen-
tives, and culture” (2016, 785). All actors are therefore called upon to work together 
in order to develop a structural, institutional, financial, and political environment 
that is conducive and stimulating for a responsible conduct of research (Sørensen 
et al. 2021, 2). The most problematic criticism, however, is that the research sys-
tem creates incentives that work against research integrity such as funding and 
publication pressures (Bouter 2020, 2364) and that there are situations when the 
opportunities and obligations of each research actor are not entirely transparent 
or well-defined (Horbach and Halffmann 2017, 1464).

Consistent efforts to intensify training are therefore required from the educa-
tional sector. However, the effectiveness of interventions is the subject of ongoing 
research. The various requirements of research integrity in single disciplines (for 
example, data management or ethics codes in medical sciences versus human-
ities) raise the question whether a generic approach of the training or a more spe-
cialized, discipline-specific one should be chosen (Sørensen et al. 2021, 2), which 
didactic method is the most productive, and which content should be taught. An-
other aspect is the challenge to transmit or evoke values and an inner orientation 
in the sense of a scientific habitus, in addition to teaching concrete knowledge 
(such as rules or methods). This challenge can be addressed through a transdis-
ciplinary approach, where learners can gain experience in other contexts, be con-
fronted with insights from other disciplines or new theories, and thus enrich their 
inner attitude towards their research activity. 

Since research results stemming from the private sector also affect society, 
it is necessary to investigate the extent to which research integrity is taught and 
practiced in the economic realm. Given that academic research integrity faces the 
behavioral, institutional, and infrastructural challenges outlined above, and that 
research, its funding, and its dissemination involve numerous, potentially very di-
verse interests, the assessment of responsible conduct of research in industry and 
the private sector is a crucial issue. This leads to the conclusion that research in-
tegrity education should be accessible not only to students, but also to researchers  
and educators at all career stages. A certain level of training should be available 
as well to non-researchers (such as funders, reviewers, journals, policy makers; 
Fanelli 2019, 5, 11) who are involved in the research process in different contexts. 
Considering that society’s ability to understand research outcomes is a prerequi-
site for the trust in science, citizens should also be educated in research integrity 
(Priess-Buchheit et al. 2020, 30). 
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Current forms of implementation in higher education 

The claim that “integrity in research should be developed in the context of an over-
all research education program” (Institute of Medicine and National Research 
Council 2002, 84) is highly pertinent and an ongoing effort of educational institu-
tions. Key findings from the training program Path2Integrity (2019–2022) show 
that students at lower qualification levels are less motivated to engage in research 
integrity training lacking relevance for them (Valeva et al. 2022, 530). Whereas 
it is precisely during their university studies that learners are introduced to re-
search activities and required to apply scientific methods such as literature review, 
responsible elaboration, and report of data, but also to be accountable and open 
for critical ref lection (Steneck 2006, 56). 

While universities offer various courses on individual research integrity topics 
(such as scientific writing, research methods, etc.), there are several educational 
programs, mostly developed in the academic context, which are applicable at an 
international level and which enrich the educational landscape both thematically 
and methodologically. These include, for example, the toolbox Standard Operat-
ing Procedures for Research Integrity, which assists institutions in developing a 
Research Integrity Promotion Plan (SOPs4RI) or the wiki-platform The Embas-
sy of Good Science, which serves as a repository for comprehensive information 
on educational resources worldwide. By 2020, Pizzolato et al. have collected 237 
mostly online and freely accessible domain and non-domain-specific education-
al resources consisting of videos, online (self-processing or collaborative) courses, 
textbooks or case study collections covering primarily misconduct-related content, 
followed by publication ethics, data management, and others such as research 
procedures or collaborative working. Examples of these are VIRT2UE, INTEGRI-
TY, and Path2Integrity. While all of them make their training available worldwide, 
VIRT2UE addresses mainly educators from all disciplines and aims to strengthen 
the learners’ attitudes towards research integrity. INTEGRITY is a modular train-
ing mainly for high school students, stimulating their critical awareness by mostly 
socially relevant (real or fictive) cases that are considered to be interesting for this 
target group (from activism to usage of mobile devices). Path2Integrity offers var-
ious modular and dialogue-based learning materials for citizens, undergraduates, 
graduates, and early career researchers that address the content fields of the Euro-
pean Code of Conduct for Research Integrity and are thus applicable across disci-
plines. Formal and informal learning pathways (learning materials, campaign, and 
role models) are used to address learner awareness. Additionally, it offers several 
evaluation instruments like a feedback sheet or a pre- and post-test survey in order 
to assess possible learning gains (Zollitsch et al. 2021).

Several recommendations and findings from training conducted can be 
gleaned from the available literature. Nonetheless, they do not constitute univer-
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sal guidance and must be evaluated in light of the particular context and learning 
objective. Katsarov et al. (2022, 951) outline that voluntary courses have a more 
positive impact on learning outcomes. The much-needed learner attitude for re-
search integrity, however, is partially hampered by learners with lower qualifica-
tion levels who question the relevance of research integrity for them (Valeva et al. 
2022, 530). The design and effectiveness of interventions, in addition to the ques-
tion of an (effective) instructional approach, depend on the different statues of 
learners, such as prior knowledge, research experience, skills, and qualifications.

It is noteworthy that most of the trainings (especially the latter two) tend to-
wards a learner-centered dialogical approach, allowing learners to experience re-
search integrity through role-play, discussion, storytelling, or the presentation of 
concrete research-relevant scenarios (Hermeking and Priess-Buchheit 2022, 112). 
This, together with the cross-disciplinary topics and the aspect of formal and in-
formal learning (Path2Integrity), is a useful example of how education in research 
integrity through a transdisciplinary teaching–learning setting is an effective 
way to teach and learn many aspects of research integrity. 
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Research-Based Education 

Tibor Koltay and László Z. Karvalics

Definition

Research-based education, leaning on Elliott Seif’s (2021) outstanding summary, is 
“a specific approach to classroom teaching that places less emphasis on teacher-cen-
tered learning of content and facts and greater emphasis on students as active re-
searchers”, preparing them to be lifelong inquirers and learners. Research-based 
education orients students’ performance through five stages, beginning with ac-
tive search for and then use of multiple resources in order to explore important, rel-
evant and interesting questions and challenges that lead to clarification and iden-
tification of a personal research topic. Gradually, they “find, process, organize and 
evaluate information and ideas … learn how to read for understanding, form inter-
pretations, develop and evaluate hypotheses, and think critically and creatively”. 
During this research process they can also understand how to generate contexts, 
setting a hierarchy of research questions. Through sharing the results, students 
are developing “communication skills through writing and discussion” (Seif 2021). 

From a student’s perspective it is common to talk about research-based educa-
tion (also as inquiry-based learning, research-intensive learning), which “should 
help motivate them to become experts in their self-described field. And the more 
often a student gets a taste of what it feels like to be an expert, in however small 
a concept, the more they will want that feeling later on in life” (Wolpert-Gawron 
2016). Again from a teacher’s perspective, it is necessary to call the “other side” re-
search or inquiry-based instruction or research-engaged teaching. From a com-
plex educational and organizational culture perspective the overall framework is 
regularly designated as research-based environment. 

Research-based education gradually consolidated as a well-founded method- 
ological-didactical direction, developing special “teaching the teachers”-type 
courses, and came closer to citizen science initiatives, channeling open scientific 
crowdsource projects into higher education. This development could progressive-
ly improve lifelong learning, transforming its certain terrains to lifelong research 
(Z. Karvalics 2013). Lifelong research is an extension of research-based education, 



Tibor Koltay and László Z. Karvalics308

transplanting “research skills and academic productivity in a feasible and sus-
tainable approach” to the post-university life of the former students (Himelhoch 
et al. 2015, 445). However, research-based education is not about supporting the 
reproduction of scientific reinforcements, nurturing new scholars – it is about 
producing scientifically literate generations from higher education. 

Background 

It is a common supposition that children are natural-born scientists, since the pro-
cess by which children turn experience into knowledge is identical to the process 
that we call scientific knowledge, produced by scientists (Holt 1989 1989). An exam-
ple of this thinking is described by Alison Gopnik (2012), who found that “young chil-
dren, in their play and interactions with their surroundings, learn from statistics, 
experiments and from the actions of others in much the same way that scientists do” 
(Yaffe 2022, 10). Francis (2012) evaluates this popular approach as a mixture of truth 
and falsehood, as researchers’ thinking has its sources not only in their natural cu-
riosity and mental plasticity, but it is a learned skill. However, as Shanahan (2011) 
underlines it, science is not just a grown-up version of a child’s curiosity. 

While children have the fertile beginnings, becoming a scientist requires that they 
learn and skillfully practice many abstract skills that are far from intuitive. When 
students struggle with scientific thinking later in life it isn’t because they have un-
learned or lost the ability, it’s because they (for any number of reasons) did not get to 
take the next steps to developing those skills and understandings (Shanahan 2011). 

This mission has never been completed in elementary and secondary schools. Ba-
sic disciplinary science education is a fundamental feature, sometimes with its 
advanced discovery-based forms which challenged and changed the traditional 
instruction-based pedagogical culture (Mirzoyan 2021). However, the research 
environment is simply simulated or emulated into talent management solutions 
and forms. Now, it is not the child prodigies or wunderkinds, but “child scien-
tists” (McCartney 2011) are the best proofs that there would be several reasons to 
teach scientific literacy and research skills already to age groups of 12–18 and 8–12. 
When wanting to complete this unfulfilled mission, it is the role of higher educa-
tion to provide and practice elementary research skills for all – from the birth of 
modern universities in the late 19th century. 

In medieval universities science making was on the periphery. After the Hum-
boldtian turn, “research (as a process of searching for truth) became a system-form-
ing element of university education, since students, interacting with teachers, ac-
quired not only formal knowledge, but also certain value imperatives that formed 
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their professional vocation and personal position” (Islomovich 2021, 75). To be able to 
compose a dissertation became a ritual precondition of graduation, as a metaphor 
of an intellectual initiation process. Science today is apparently not a privilege of the 
small number of elected, outstanding people. Moreover, there are enormous differ-
ences between three different levels of research-based education practice. 

The main goal of the introductory (typically undergraduate) level is to foster 
student awareness and motivation, making them familiar with scientific think-
ing, mediating research-related forms of literacy and skills. The outcome is some 
learnt elements of the scientific method, picking up as many abilities from the re-
search literacy complex as students can. On the medium level, the challenge is to 
be able to use these skills, capacities, and sensitivities for an inquiry-based prac-
tice, solving a research problem while acquiring new disciplinary knowledge in a 
given field. It is nothing else than the rediscovery of existing scientific knowledge, 
while students are completing micro-research cycles and learning intensively. Fi-
nally, at a high level, the students can become producers of new scientific knowl-
edge. Unfortunately, today this training philosophy is not a strict requirement for 
research-based education practitioners. 

Healey and Jenkins (2018, 54) draw a distinction between four overlapping ways 
in which students may engage with research. The first one is the research-led level, 
where students learn about current disciplinary research. This is followed by (2) 
the research-oriented level, where they develop research skills; (3) the research-based 
level, where the focus is on undertaking research; and (4) the research-tutored lev-
el, where they engage in discussions on current research. These “stratifications” 
come into view in the same way in the most popular typology of citizen science, 
composed by Haklay (2012), ref lecting the level of scientific profundity of personal 
involvement in research processes from the simple crowdsource logic, followed by 
distributed intelligence practices, reaching the participatory science stage, and finally 
the extreme citizen science projects, where full-value contribution is expected and 
required from the group members. 

In order to reinvent the research-based education environment, it is necessary 
to accept that education and research are equally important and bridge divides 
between research and teaching staff. These staff members should excel in both 
research and teaching. Positive attitudes towards research by students should be 
strengthened among staff and students. Resources to do research must be avail-
able for students, among others by involving libraries in teaching information lit-
eracy to students. There should be opportunities and incentives for teachers for 
further development of their research-based teaching competence and excellence, 
including the creation of opportunities for dissemination of successful practic-
es. This cannot be done without recognizing teaching excellence and monitoring 
the growth of research-based teaching. Inter alia, introducing an undergraduate 
student research award may help in achieving goals that can be solidified if there 
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is more research initiated and financed on the nexus between teaching and  re-
search, as well as of research-based teaching and learning in particular (Dekker 
and Wolf 2016, 10–11).

Debate and criticism

The analysis of research-based education and learning became a popular scholarly 
field after the millennium. “More than half of the studies were published since 
2010, [which] suggests an increasing interest in disseminating the outcomes of in-
corporating RBL [research-based learning] practices in Higher Education courses” 
(Camacho et al. 2017, 4192). However, in the forge of the discourse today is living 
dialogue, debate, and shared experience of the practitioners through textbooks, 
special reports, methodology exchange forms, blogposts, and comments. This 
semi-formal ecosystem of ideas gives account of the advantages and disadvantages  
of research-based methods. 

Many teachers mention the greater interest of students during the whole 
learning and activity cycle, generating more attention, emphasis, engagement, 
and ambition, discussing the key topical issues in an open way. It is often high-
lighted that intensive problem-solving focus and the acquired teamwork routine 
prepares for real-world situations like few others. Practitioners recurrently testify 
that the retrieval, recall, and reuse of information in the afterlife is strongly sup-
ported by research-based forms of education, enhancing long-term knowledge 
retention (Lindsey et al. 2014). 

The list of disadvantages begins with the ambiguous and shaky feedback. The 
lack of proper assessment creates confusion and anxiety, and the standardized 
testing performance is missing or poor quality. The risk of students’ embarrass-
ment and reluctance is high. Slow thinkers, introverted students, and the ones 
with learning disabilities are not prepared for the f lexibility and freedom assigned 
to this kind of activity. A majority faces difficulties in collaboration, teamwork, 
and a culture of sharing results. Their overall readiness and responsibility are char-
acteristically low. The lack of reinforcement f low is also a typical problem. The first 
steps can be attractive and alluring, but later, unravelling the higher skills of par-
ticipants’ than what is needed for, even an eager student quickly become bored. The 
lack of such skills can be undermining, and can easily frustrate the students. Un-
prepared teachers produce disorganized teaching, with vague requirements, and a 
lack of guidance and task personalization. The result is a sloppy classroom. 

The methodology of research-based education was developed in multifar-
ious ways by researchers and practitioners. The long-standing, literature-hunt-
ing desk research was stepwise enhanced by varied quantitative and interpretive 
disciplinary methods (Slater et al. 2015), and action research in education (Efron 
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and Ravid 2017). One of the most intensive and engaging forms of action research 
is community-based research, which is “collaborative and change-oriented and 
finds its research questions in the needs of communities”, combining “classroom 
learning with social action in ways that can ultimately empower community 
groups to address their own agendas and shape their own futures. At the same 
time, it emphasizes the development of knowledge and skills that truly prepare 
students for active civic engagement” (Strand et al. 2003, 1).

Methodologies were also enriched by disciplinary endeavors. As a part of the 
development of general art-based research methodologies (Leavy 2020), univer-
sities were early adapters, building the experiences fruitfully into their curricula, 
creating an independent field, art-based research in education (Cahnman-Taylor 
and Siegesmund 2017). Alongside the design thinking paradigm, its approaches 
and considerations were transferred easily to research-based education praxis, as 
design-based research in education (Philippakos et al. 2021). 

The latest frontier is challenge-based research and learning. Challenges are for 
competing student groups to solve problems. Today it seems to be one of the most 
efficient and motivating frameworks for learning while solving real-world prob-
lems through research. This method develops “student transversal competencies, 
knowledge of sociotechnical problems, and collaboration with industry and com-
munity actors” in a versatile way (Gallagher and Savage 2020). This approach is ob-
viously popular in research-intensive universities, where the increase of knowledge 
f low and the production of new knowledge across diverse disciplines are deeply 
embedded in the education practice (Njuguna 2015), thus directly creating value 
for society. There are mingled versions of these methods, too. It is easy to mix art-
based platforms with other approaches, and design thinking regularly meets with 
challenge-based projects (Charosky et al. 2018).

Current forms of implementation in higher education

Healey and Jenkins (2018, 67) collected comparative examples of implemented poli- 
cies and cases in different higher education institutions all over the world. The 
updated and improved list below also represents further possibilities of investi-
gation to discover and apply new and new best practices, although there are not 
many venues where the organized exchange of experiences takes place. 
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Table 1. International RBE practices 

Higher Education education provider Institutional approach

University of Adelaide, Australia Small group discovery experience

Dublin City University, Ireland Challenge-based learning

Humboldt University, Berlin, Germany Research-based education

Kingston University, London, UK Promoting and reinforcing a research-based 
education environment to STEM undergraduate 
students

Leiden University, Netherlands Fostering students’ awareness of research

University of Lincoln, UK Student as producer

Maastricht University Netherlands Extending problem-based learning to research-
based learning

McMaster University, Canada Problem-based and inquiry-based learning

Miami University, US Student as scholar

Massachusetts Institute of Technology, US Undergraduate research opportunity program

Olin College of Engineering, US Group project-based entrepreneurial engineer-
ing design projects

Quest University, Canada Research-based education

Roskilde, Denmark Problem-oriented project-based learning

University College, London, UK Research-based education and the connected 
curriculum

University of Delaware, US Providing a discovery-oriented environment

Carl von Ossietzky University, Oldenburg, 
Germany

Research-based teaching and learning as a  
guideline for developing various degree pro-
grams, modules, and individual courses. 

The involvement and curriculum-based development of varied literacies also fruit-
fully supports the goals of research-based education. From these kinds of litera-
cies, information literacy appeared early and became a fundamental one that is not 
restricted to textual information, but relates to digital content, data, and images; 
thus it is not a stand-alone concept, but overlaps with other literacies (CILIP 2018, 3). 

Media literacy, especially in its critical from is similarly fundamental, as it fo-
cuses on trustworthy media content, and considers how messages are construct-
ed (Funk et al. 2016). 
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The newest entry in this group of literacies is data literacy. According to one of 
its definitions, it aims at enabling individuals to access, assess, manage, handle, 
and use data (Calzada Prado and Marzal 2013, 126). Citizens’ critical and active 
agency is paramount when society’s datafication and decision-making, driven by 
algorithms, has become normalized. One of the enabling factors of data literacy 
is data citizenship that underlines critical and active agency that takes account 
of society’s datafication and decision-making, driven by algorithms. It is divid-
ed into three components: (1) Data thinking, i.e. citizens’ critical understanding of 
data collection and data economy; (2) Data doing, e.g. everyday engagements with 
data, including using and deleting it in an ethical way; (3) Understanding the digi-
tal economy, i.e. how algorithms work and who is funding social media platforms 
(Carmi et al. 2020, 10). Nevertheless, visual literacy (visuacy) can greatly help in pro-
viding confident and attractive representation of the used data. 

Illustrating these new triggers of research-based education, the following table  
provides an overview of emblematic courses from leading universities. In the fu-
ture, the number and plurality of these kinds of literacy-focused and data cul-
ture-related improvements will expectedly spread in higher education.

Table 2. International literacy practices 

Higher education provider Institutional approach

Rutgers University, US Producing media literacy-based interventions for active involve-
ment in creating secondary school substance abuse prevention 
messages.

Stanford University, US Two curricula (Beyond the Bubble; Reading Like a Historian), 
based on media literacy and information literacy, and directed to 
contextualize and corroborate historical texts and stimuli. 

University of Nebraska-Lincoln 
(UNL), Columbia University/
NASA, US

Supporting secondary school students to use authentic climate 
models and understand epistemic dimensions of climate 
science, relying on data literacy.

 
By relying on inquiry-based and research-intensive learning, supported by varied 
literacies, research-based education is meant to provide engaging research opportu-
nities that are well incorporated in learning activities and well supervised by teach-
ing staff (Van der Rijst 2017). This quality research-based education promises varied 
types of transformative learning experience for a wide range of students. It will play 
a growing role in education and, simultaneously, in the production of new scientific 
knowledge, while building more future-proof universities. Research-based educa-
tion is not just a way to refresh education practice with stronger student motivation, 
but also outlines a new, community-driven culture of doing science. 
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Science Communication

Konstantin S. Kiprijanov and Marina Joubert

Definition

Science communication is a dynamic field of practice and research that deals 
with the communication of scientific knowledge to audiences that are typically 
outside academic institutions. Science communication is widely recognized as a 
broad term that encompasses a wide variety of actors and formats, and includes 
a spectrum of activities that range from informal to strategic in nature (Bucchi 
and Trench 2021). As such, science communication does not constitute a clearly 
defined discipline, but can be conceptualized – in the words of Bucchi and Trench 

– as “an inherently, even joyously, interdisciplinary field” (2021, 2).
Historically speaking, science is derived from the Latin word scientia for knowl-

edge, understanding, and learning (Onions 1966, 797). Today, the term refers to a 
practice of systematic production and organization of specialized knowledge by 
means of specific methods and strict quality standards; it is simultaneously a sys-
tem for stabilizing said knowledge (Bauchspies et al. 2006, 5–6; Mittelstraß 2010). 
This chapter employs the term science in a broad sense that is not limited to the 
natural sciences such as physics or geology, but “has a much broader meaning and 
includes all the academic specialties, including the humanities” (Hansson 2021). 
Communication refers to the “practice of producing and negotiating meanings” 
(Schirato and Yell 1997, x).

In order to do justice to the dynamics and diversity of this multi-faceted field 
of practice and research, science communication is understood as a broad con-
cept that includes “all forms of communication focused on scientific knowledge 
or scientific work, both within and outside institutionalized science, including 
its production, content, use, and effects” (Schäfer et al. 2015, our translation). In 
this way, knowledge is not simply transferred from one person or community to 
the other, but it is rather negotiated, mediated, and transformed in a mutual ex-
change of ideas, opinions, and values. In this chapter, a distinction is made be-
tween science communication teaching and science communication training. For 
this purpose, science communication training is defined as practical courses that are 
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typically offered over one or more days to researchers who are interested to ad-
vance their science communication skills. In contrast, science communication teach-
ing is defined as academic courses offered by universities and other higher educa-
tion institutions. Many of these courses are presented as dedicated postgraduate 
diplomas, Master’s courses or PhD programs, but some universities offer modules 
in science communication as part of degree courses at undergraduate and post-
graduate levels.

Although science communication constitutes an essential part of the process-
es of knowledge production (Horst et al. 2017; Secord 2004) and exchange (Jensen 
and Gerber 2020), and plays an essential role in transdisciplinary processes, the 
complex relationship between transdisciplinarity and science communication is 
yet to be studied from a comprehensive and systematic perspective (Wang 2019). 
Individual studies, however, offer some promising insights and lay the ground-
work for further inquiry. For instance, Mercer-Mapstone and Kuchel (2017) con-
ceptualize the entirety of science communication as a transdisciplinary field due 
to the inclusion of different actors and the traversing of disciplinary and profes-
sional boundaries. Others emphasize that science communication provides the 
communication skills that are essential for shaping transdisciplinary research 
processes (Kalmár and Stenfert 2020; Misra and Lotrecchiano 2018; Wang et al. 
2019). In addition, Burns et al. (2003, 193) suggest that the act of communication 
itself has a transdisciplinary dimension, as “the need to explain complex issues in 
lay terms can lead to new perspectives on a topic and a deeper understanding of 
the field by the professional”.

Background

The multifaceted nature of science communication stems from the complex socio-
economic background that has determined the evolution of the field within dis-
tinct national and cultural settings. Scholars of different branches of knowledge 
have been sharing their knowledge in different contexts and languages for mil-
lennia (Gordin 2015, 35–40; Secord 2004). Many traditional approaches to science 
communication included elements of entertainment – such as music and art – as 
well as listening and dialogue. The diverse histories, cultural roots, and trajecto-
ries of science communication are ref lected in Gascoigne et al. (2020). Despite the 
existing national idiosyncrasies, it is possible to trace a common historical trajec-
tory (Gascoigne et al. 2020) along a number of major historical landmarks, such 
as the growth of the print market; the professionalization, specialization, and in-
stitutionalization of academic research; the emergence and proliferation of mass 
media and, more recently, social media (Bucchi 2008; Dawson and Topham 2020; 
Kiprijanov 2021). For a comprehensive overview of the history of science commu-
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nication from the 18th to the 20th century, see Knight (2006), as well as Gascoigne 
et al. (2020) and the contributions in volume 16, number 3 (2017) of the Journal of 
Science Communication.

In the wake of the institutionalization of academic research, professional-
ization, and internal and external differentiation of academic disciplines at the 
beginning of the twentieth century (Mittelstraß 2010), researchers came to be-
lieve that science was too complicated for the general public to understand. This 
idea corresponds to the deficit model (also called deficit-dif fusion model) of science 
communication, which was the predominant model until the 2000s. This model 
describes science communication as a linear transmission of specialized knowl-
edge from a small number of experts to an allegedly ignorant mass audience. The 
transmission occurs from areas of high concentration among experts to areas of 
low concentration among audiences. Controversies and misunderstandings are 
attributed to a lack of scientific literacy among the public. Comparable to Shannon 
and Weaver’s (1949) mathematical model, the deficit model distinguishes between 
active communicators (senders) and passive recipients who lack any agency.

The deficit model served as the ideological foundation and justification of the 
Public Understanding of Science movement that gained momentum in the United 
Kingdom during the 1980s and 1990s with the aim of promoting public interest in, 
and awareness of, the natural sciences (Bucchi 2008). While the dissemination of 
information about new advances in science is a legitimate and useful activity, the 
critical f law of the deficit model is the logical fallacy and incorrect assumption 
that providing more information and better explanations will lead to more public 
support for and increased public trust in science.

Ref lections on the motivations behind efforts to improve the so-called pub-
lic understanding of science, as well as concerns about the efficacy of these cam-
paigns, prompted the beginning of systematic science communication research. 
Criticism from social scientists led to revision of the assumptions and goals of the 
deficit model. Today, a variety of competing or complementary science communi-
cation models exist, as described by Trench (2008), and Schmid-Petri and Bürger 
(2020), and it is clear that these approaches (or models) are interdependent and 
often overlap in science communication practice (Brossard and Lewenstein 2010).

According to Horst et al. (2017, 883), the existing models can be placed on a 
continuum that ranges from deficit (one-way, elitist, and fact-oriented) to dialogue 
(two-way or interactive, participatory, and ref lective). Dialogue and participa-
tion models acknowledge the communication needs and preferences of specific 
audiences and prioritize meaningful and “mutually supportive relationships be-
tween research and society … through high levels and varied forms of interaction 
between the two” (Burchell et al. 2017, 200). These forms are also used in trans-
disciplinary processes, such as participatory research and citizen science. These 
models ref lect current societal demands for more transparency (Weingart et al. 
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2021) and a “general participatory/collaborative opening of the science system” 
(Schrögel and Humm 2020, 488).

As science communication became more professionalized and institutional-
ized, the demand for professionals in the field began to grow, and science com-
munication became a f lourishing industry (Davies and Horst 2016). Universities 
responded by offering a growing number and range of degree programs, as has 
been documented by a number of scholars (e.g. Massarani et al. 2016; Trench 2012; 
Turney 1994). For example, Schiele and Gascoigne (2020) document how uni-
versity-based courses in science communication started to emerge in the 1980s 
(with one precursor program in the United States in 1960), spreading to countries 
around the world since then.

Debate and criticism

Proponents of science communication teaching programs use a number of motiva-
tions to justify the need for this type of offering in higher education. Motivations in-
clude professional capacity building, development of evidence-based policy around 
public participation in science, provision of authentic educational experiences in-
volving academics and communication professionals, as well as the contributions of 
this type of program to the employability of students (Longnecker 2014; Longnecker 
and Gondwe 2014; McKinnon and Bryant 2017; Ramani and Pitrelli 2007).

Already in 1994, Turney pointed out that science communication courses on 
offer in the United Kingdom in the early 1990s varied from those focusing purely 
on skills to those with a more theoretical (or big-picture) approach. He argued for 
the inclusion of theory into science communication education in order to deliver 
more effective communicators who benefit from lasting intellectual resources, as 
well as to guard against courses that merely teach students to promote science. 
Since then, scholars and educators have debated the recurring question about to 
what extent students need to know the theoretical underpinnings of the science 
communication skills they learn and how much practical experience should be in-
cluded in science communication teaching (e.g. Baram-Tsabari and Lewenstein 
2017; Mercer-Mapstone and Kuchel 2017).

Overall, there is agreement that the content of science communication pro-
grams needs to address both theory and practice, striving for a balance and a 
productive interface between these components (Baram-Tsabari and Lewenstein 
2017; Longnecker 2014; Mercer-Mapstone and Kuchel 2017; Mellor 2013). In gen-
eral, these authors argue that a theoretical foundation is essential for students 
to be able to understand and apply the knowledge base, and to identify relevant 
evidence that can inform and enhance their practice. Practical work, on the other 
hand, is essential to consolidate what they have learnt and to prepare them for 
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the world of work. Practical expertise can be brought into these courses via guest 
lectures by industry experts, as well as by work placements and internships. For 
instance, Bray et al. (2012) emphasize the need for students to develop self-aware-
ness around their own scientific values and science communication objectives, as 
well as the contexts in which they operate, necessitating a broad understanding of 
the societal implications of science, rather than a focus on technical media skills.

Academic programs in science communication cannot afford to be static. In 
order to prepare students to cope with the increasing complexities of science com-
munication and fast-changing media ecosystems, courses must be f lexible and 
respond to changing circumstances and the evolving needs and expectations of 
students and future employers (Fähnrich 2020, 3; Ramani 2009, 2). Science com-
munication students must be prepared for the complexities of communication 
around increasingly contested topics that are rooted in science but have social, 
moral, or ethical dimensions and are often heavily politicized, such as climate 
change, biotechnology, stem cell research, and artificial intelligence. In addition, 
societal challenges such as science skepticism and dwindling trust in democratic 
institutions call for a critical ref lection on the relationship between science and 
society, as well as a new and more inclusive approach to knowledge production 
(Schrögel and Humm 2020). Students must therefore be equipped with compe-
tencies that will be required to navigate the controversies, uncertainties, and po-
larized debates around science and its applications in society.

Teaching in this field must also keep up with fast-evolving science communica-
tion ecosystems and landscapes, characterized by a general move away from main-
stream media where journalists were the traditional gatekeepers, towards online 
and social media where everyone can communicate and comment on science (Fähn-
rich 2020, 1). Digital science communication channels are characterized by frag-
mented audiences, online hostility and concerns around mis- and disinformation, 
and social media may disrupt scientific standards and challenge the authority of 
science. Jointly, these trends demand a continuous reassessment of the theoretical 
and practical content taught within academic science communication courses.

In the 1990s, higher education and research institutions around the globe em-
barked on a journey of transformation toward fostering positive societal impact 
beyond economic goals. This ongoing transformation, ref lected by concepts such 
as Third Mission (Trencher et al. 2014) and Quadruple Helix (Carayannis and Camp-
bell 2009), is accompanied by a shift toward a mode of knowledge production 
that surpasses the boundaries of established academic disciplines (Scholz 2020). 
Science communication is understood to be an essential and integral part of this 
process, as dialogue-focused and participation-oriented activities play a key role 
in knowledge and research exchange through engaging a wide range of stake-
holders from outside the academic domain (Jensen and Gerber 2020; Leshner and 
Scheufele 2017). Scholars also point out that, following the idea of Responsible 



Konstantin S. Kiprijanov and Marina Joubert322

Research and Innovation, participatory science communication – understood as 
joint knowledge production – can make a significant contribution to strength-
ening innovation processes, and to developing solutions to challenges that affect 
society as a whole (Loroño-Leturiondo and Davies 2018).

Current forms of implementation in higher education

Academic programs in science communication around the world share some com-
mon approaches and characteristics, but also significant variations in content, 
goals, learning outcomes, and delivery (Trench 2012; Trench and Bucchi 2021). 
This plurality originates from different national and institutional contexts, and 
the unique views of the individuals who champion these programs. However, de-
spite the interdisciplinary nature and diversity of the field, it is argued that there 
are some core topics that should be covered in a science communication degree 
program (Longnecker and Gondwe 2014). 

A number of handbooks related to science communication constitute evidence 
that the field is maturing and encompasses a range of core topics that should be 
considered by teachers in the field. These books provide a valuable starting point 
for curriculum developers and are useful guides for educators and students (Buc-
chi and Trench 2021; Jamieson et al. 2017; Leßmöllmann et al. 2020; Van Dam et al. 
2020). In addition to the field delineation and guidance provided by these hand-
books, several science communication scholars have generated ideas and topics 
for a core science communication curriculum (e.g. Baram-Tsabari and Lewenstein 
2017; Bray et al. 2012; Mercer-Mapstone and Kuchel 2017). Further reports by schol-
ars such as Costa et al. (2019), Fähnrich (2020), Gascoigne et al. (2020), Hong and 
Wehrmann (2010), Longnecker (2016), Longnecker and Gondwe (2014), and Massa-
rani et al. (2016) have suggested several core topics to be considered when new 
science communication programs are designed. These include: (1) Social studies 
of science, including the history, sociology, and philosophy of science and science 
communication; (2) Media studies and communication science, theory, and strate-
gies; (3) Behavioral studies, including persuasive communication; (4) Education 
studies and learning theories associated with informal learning; (5) Public partici-
pation in science and the co-creation of scientific knowledge, including citizen sci-
ence; (6) Evaluation of science communication materials and projects; (7) Research 
methodologies relevant to science communication scholarship; and (8) Real-world 
experiences for students via industry placements or institutional internships.

Despite consensus on the value of agreeing on core concepts, experienced sci-
ence communication teachers recognize that most science communication pro-
grams will not be able to include all these topics. They therefore advise curriculum 
designers of new programs to consider local needs and priorities carefully (Long-
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necker and Gondwe 2014). New degree programs in the field should be clear about 
their learning outcomes and strengths, and should use their uniqueness as a way 
to attract relevant students (Hong and Wehrman 2010).

Although science communication plays an essential role in transdisciplinary 
processes, there is little systematic research into the specific relationship between 
transdisciplinarity and science communication (Du Plessis 2012; Wang 2019), and 
only a few studies explore this question from the perspective of science educa-
tion (Arber 1999; Mercer-Mapstone and Kuchel 2017). There is, however, a number 
of practical examples that illustrate the effective integration of transdisciplinary 
approaches into science communication courses. These include programs at the 
Karlsruhe Institute of Technology (KIT), the Universidad Nacional Autónoma de 
México (UNAM), and the University of Leeds. The latter offers joint honors de-
grees consisting of a STEM subject (e.g. biology or physics), instruction in history 
or philosophy of science, and an integrated research project in science communi-
cation (University of Leeds 2021).

Science communication has been an integral part of modern science for over 
200 years and contributes significantly to the circulation and targeted exchange of 
knowledge between academia, politics, society, and business. Today, the presence 
of academic education in science communication is recognized as a key indicator of 
the maturing of the field and its associated infrastructure in different national and 
regional contexts. However, empirical research into the relationship between trans-
disciplinarity and science communication in the context of higher education is still 
lacking. Here, prospective studies might benefit from existing scholarship in neigh-
boring areas, most notably in sustainability studies, and Research and Innovation. 
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Science Shop

Martine Legris and Frank Becker

Definition

A science shop is defined as a collaborative space where communities, nonprofit 
organizations, researchers, and students work together to address socially rele-
vant issues and problems (Frickel and Moore 2006). It emerged in this form in 
Europe in the 1970s, offering independent and participatory research support to 
civil society organizations (CSOs) willing to develop a research project in response 
to a particular concern. 

A science shop is not a commercial shop, but an entry point into the universi-
ty for anyone outside academia who is looking for answers based on a scientific 
approach to a problem. However, a single, uniform format that could easily be 
transferred does not exist. Some science shops operate as an integral part of a 
university, while others run as a social enterprise, an association, or a civics initia-
tive. The members of a science shop – usually researchers, students, or academic 
staff and representatives of nongovernmental organizations (NGOs) – mediate 
the research process so that civil society, academics, and students become co-re-
searchers or co-contributors. Two conditions quoted in the literature as criteria 
for science shop projects are: (1) The civil society organization does not bear the 
costs of the research; (2) neither the science shop nor the cooperating institution 
pursue commercial interests (Stewart 1988).

Research participation requires a collaborative approach among hybrid groups 
consisting of research professionals and civil society actors, such as NGOs, grass-
roots organizations, and residents. Members of a science shop act as mediators in 
the research process, enabling civil society, academics, and students to become 
co-researchers or co-contributors. Various stages of the research process require 
a form of cultural translation. Science shops support to translate civil society’s 
concerns into research questions and provide participatory engineering. This me-
diation goes beyond dialogue or facilitation. The members of a science shop bridge 
gaps and create meaning where differences in vocabulary, experience, or knowl-
edge make collaboration difficult.
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Science shops depend on their context of emergence and are diverse in terms 
of the themes they address, the type of support they provide, their institutional 
position, and their governance. Nonetheless they share common characteristics. 
Based on a true co-production of knowledge between researchers and organized 
civil society actors, science shops produce the knowledge that democracies need 
to address today’s social, health, and environmental challenges.

Civil society organizations reach out to science shops with an issue related 
to their activities, and the science shop, in return, provides support to partners 
throughout the research process, which typically occurs in several phases (Blangy 
et al. 2018). All phases involve both civil society organizations and academics, in-
cluding students. The organizational process may differ from one science shop to 
another – depending on its institutional design, as science shops may be indepen-
dent units or university-based – but it follows a common path: (1) gathering the 
request, followed by (2) translating it into a scientific issue, which is a critical point 
and the main added value of the support, (3) identifying an academic team to ad-
dress the subject, (4) conducting the research work based on the co-production of 
knowledge, (5) returning the results to the actors and disseminating them widely, 
and (6) concluding with a ref lexive phase of research evaluation that enables the 
system’s improvement. Today, more than 50 science shops and comparable inter-
mediaries exist in Europe, Tunisia, and Canada (Living Knowledge 2023).

Background 

Following a long tradition of public engagement in research, science shops are 
part of a movement to redress a divide that emerged at the beginning of the 19th 
century. This global divide separated the scientific and academic spheres from all 
other kinds of knowledge, whether experiential, know-how, or user-based knowl-
edge, among others. The construction of a disciplinary structure of science and 
the belief in technical progress (Habermas 1970) led to a high specialization of 
knowledge, excluding lay people from the margins of scientific endeavor. How-
ever, a countermovement emerged to adapt scientific research to the needs of so-
ciety rather than the other way around. Several crises and epidemics highlighted 
the need for a more inclusive and systemic approach to knowledge production (as 
argued by Morin 1992). 

Although a historical overview of science shops does not exist, scholars (Fisch-
er et al. 2004; Millot 2019) agree on decisive turning points. The first wave of sci-
ence shops started in the Netherlands in the 1970s. The phenomenon then spread 
throughout Europe due to a positive political and institutional climate. In con-
trast, the 1990s saw the closure of many European science shops, and in the 2000s 
even the Netherlands witnessed the demise of several historic science shops. 
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Only in 2010s were several new science shops established. In 2001, the European 
Union launched its Science and Society Program (European Commission 2001) to 
strengthen the societal impact of research. This program funded large research 
projects, which in turn triggered the rise of new science shops across Europe. Ini-
tially, a European network was established, today known as the Living Knowledge 
Network, which efficiently supports science shops in fostering public engagement 
and participation. Subsequently, many changes in the European governance of 
research have occurred. Some of them have favored the spread of science shops in 
European countries, such as the promotion of responsible research and innova-
tion, participatory research, and open science (Rodriguez et al. 2013). 

At the same time, a vision of technical democracy, or the empowerment of 
the public to participate democratically in scientific decision-making, emerged 
among researchers from different disciplines. This was partly due to the dramatic 
consequences of past scientific decisions, such as nuclear technology, genetically 
modified organisms, changes in occupations and jobs, and pollution (Beck 1992; 
Feenberg 1999). More recently, various trends and theories (Voorberg et al. 2015) 
have emerged (co-production, co-creation, etc.) to link different practices and 
methodologies, resulting in a semantic blurring. One remaining question con-
cerns the new challenges science shops are facing. Rather than adapting to a new 
environment, and possibly reinventing themselves, science shops may initiate the 
cultural translation and the interdisciplinary process, while providing collabora-
tion frames during the research projects. They also provide meta-analysis of the 
participatory dimension of the research and improve ref lexivity.

Debate and criticism

When addressing societal challenges through a scientific approach, the crucial 
question is whether the knowledge generated is relevant to the lifeworld solution 
of the problem at hand. This is facilitated by a non-reductionist approach to the 
problem and the contextualization of research. Science shops contribute to this 
development through their constitutive bottom-up approach. In order to remain 
relevant in research and society, it is also crucial to ref lect on their internal quality 
of intermediation and cultural translation capacity. If science shops are under-
stood as a relevant link between civil society and science, the question of funding 
their cultural translation services between the logics of the science enterprise and 
civil society requires attentiveness. Interdependencies may arise from the forms 
of funding that affect both the interaction between society and science and the 
contribution of science shops to academic education. 

Science shops find themselves in a difficult position between the need to find 
new social decision-making processes and the pressure of social closure move-
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ments (Koppetsch 2019, 34). The tried and tested social negotiation processes of 
the past no longer seem sufficient to deal with the increased complexity of con-
temporary society (Latour 2018, 106). To what extent can or should the scientific 
community be experimentally involved in recent developments such as citizens’ 
assemblies (e.g. Ireland) and major debates (e.g. France)? Phenomena such as 
populism (Inglehart and Norris 2016) can arise from the uncertainties resulting 
from the apparent mismatch between societal complexity and existing processing 
capacities, social closure movements, and tendencies towards greater hierarchi-
zation of societies. A reinterpretation and instrumentalization of the dialogical 
working principle of science shops can be the result. Science shops have to consid-
er this essential aspect of the social ecosystem in which they operate. Such a re-
f lection is equally important for established (as in Europe and North America) and 
emerging (e.g. in Africa) science shops, as well as for students using science shops 
as an academic resource: What kind of funding supports a science shop? What de-
cision-making processes govern the interaction between civil society and science? 
How are civil society representatives involved in the evaluation of outcomes?

In the environment of a university-based science shop, the claim of a uni-
versity’s Third Mission have gained in importance. Transfer, transdisciplinarity, 
and participation provide a limited ecosystem for academic activities of young 
academics seeking tenure. At the same time, the social closure movements men-
tioned above are leading to a change in the capabilities, function, and reputation 
of science shops. As intermediators, science shops are seen as boundary crossers 
and disruptive forces at the same time. Neoliberal trends such as “the top-down 
implementation of competition and market principles under the aegis of New 
Public Management (NPM) in higher education and science has led not to more 
but to less professional freedom for those concerned” (Koppetsch 2020, 18, own 
translation).

The contemporary benefits of science shops are linked to their capacity to 
deepen and enlarge their main mission. Climate change and major social events 
as Covid 19 (Latour 2018) request a systemic review of science shops’ modus ope-
randi. Six aspects can contribute to enhance collaboration on eye-level: (1) The re-
search question or underlying problem may affect individuals. It requires major 
attention to clarify who are the people that are actively involved in the project. (2) 
Science shops involve students and universities need to develop specific curricula 
and procedures for them. (3) The leadership for the research project can be taken by 
anyone. To widen the circle of participants or co-researchers, outreach efforts can 
be made to individuals and groups who may not have been involved initially. (4) 
An intended co-research approach involves collaboration between different actors. 
This approach aims to facilitate the equal participation of all stakeholders and to 
ensure that the research is guided by their collective knowledge and expertise. (5) 
Research projects may involve both research and implementation. The balance be-
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tween these two aspects will depend on the specific aims and objectives of the 
project. Action and research can be thought of in the same systemic perspective to 
avoid getting caught up in narrow perspectives that lead to poor experiments. (6) 
Science shops approach researchers and students to offer them fair cooperation 
with nongovernmental organizations. It is possible to use a transdisciplinary team 
even if students are supposed to belong to one discipline. 

Although solutions to some basic challenges have been identified, embedding 
them to academic routines and organizational procedures has proved difficult 
(Schlierf and Mayer 2013). Two key challenges remain: First, research in general 
and participatory research specifically is often constrained by a lack of time, as 
co-producing knowledge requires significant time investment. Second, a short-
age of human resources, partly due to a lack of institutional recognition and ded-
icated funding, hinders successful cooperation (Bammer et al. 1992; Legris 2012).

Current forms of implementation in higher education

For budding academics, science shops provide a hands-on learning environment. 
In universities, the ability to recruit and train academics and students in partici-
patory research and knowledge co-production is crucial for the implementation of 
science shops in higher education. To achieve this goal, specific training programs 
are to be designed and integrated into the curriculum, with community-based 
learning or service learning being the most common form (Ferrari and Chapman 
1999; Hyde and Meyer 2004). In independent science shops, links with higher edu-
cation institutions are established through personal networks, European projects, 
hiring of undergraduate assistants, and other means.

Students involved gain new knowledge and skills from the process of conduct-
ing research on real-life problems. They become familiar with the concept and 
practice of social responsibility, enhance their professional standing, for exam-
ple by publishing the research and participating in conferences. In addition, their 
dissertations serve a purpose. The results of their research are often used to bring 
about meaningful change. 

Science shops provide students with a support system that they can turn to for 
help with any problems or questions that arise during their research. Nevertheless, 
students may find it difficult to meet academic standards. New communication 
and pedagogical skills are needed to deal with multiple stakeholders. In terms of 
students’ experiences, Rao et al.’s (2004) analysis of students’ reports suggest that 
not all of them benefited or were equally satisfied with the experience. Some said 
they had problems interacting with the community in the field; others did well in 
the field but had problems with the research itself.
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The link between science shops and transdisciplinarity is two-fold: First, sci-
ence shops engage in cultural translation by promoting ref lexivity in the collab-
oration between civil society and the scientific community. Second, they provide 
students with an opportunity to engage in negotiation processes on various levels, 
which they may not otherwise experience in their studies. 

Science Shops appear as a mostly Western product of the dialog between sci-
ence and society. Despite the lack of exhaustive survey, most of them are located 
today in Europe and Canada.

Figure 1. Geographical distribution of science shops in 2023. Source: own illustration 
based on data of Living Knowledge (2023), SYNO (2023), and own research.

A typology of science shops emerges from their organizational and institutional 
structure. (1) University-based science shops are the original form. In the 1970s, for 
instance, almost all Dutch universities maintained science shops that were fully 
integrated into the university structure (Dixon 1988). This integration provided 
them with stability. They were funded by the universities and other higher edu-
cation actors. Today, this model is followed by the science shops of the Univer-
sity of Lille and TU Berlin, for instance. (2) A second group of science shops are 
nongovernmental associations, e.g. the Bay Zoltan science shop in Hungary. These 
institutions often charge for their services or apply for funding. (3) A third group 
of science shops belongs to the private sector. In France, for instance, science shops 
tended to be independent of universities (Dixon 1970), but they still relied heavily 
on public funding. Some organizations now accept requests from larger CSOs and 
commercial companies. 

Two cases from Europe and one from Canada may illustrate the specific func-
tionality of science shops. 
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1. The FloFauMe project aims to promote intergenerational measures for pre-
serving urban biodiversity through citizen science cooperation between the 
Berlin district of Lichtenberg, the environmental NGO NABU, and the science 
shop of TU Berlin. It provides additional competences and supports cultural 
translation. Citizens are testing their hypothesis that planting large trees re-
duces heat in the city, and contribute to establishing a measurement network. 
FloFauMe involves other stakeholder groups and citizens in DIY workshops to 
build measuring devices. 

2. The science shop at Lille University operates on a research ethic that promotes 
dialogue between different types of knowledge and partners in a relationship 
of parity and mutual recognition of knowledge. Its focus on participatory re-
search, where the co-production of knowledge between researchers and actors 
is central, is a distinctive feature. The process begins with the demand from 
civil society organizations, which is translated into a research problem in col-
laboration with researchers from relevant disciplines and social actors. 

3. The Research Shop at the University of Guelph, Canada, fosters collaborative 
and mutually beneficial community–university partnerships. Several pro-
grams are running, including a community-engaged teaching and learning 
program (supporting the design of university courses), a program on knowl-
edge mobilization (to support campus-identified dissemination needs), and, 
more recently, the Guelph Lab. Projects in the Research Shop are undertaken 
by a small team of student research assistants, supervised and mentored by 
project managers, all under the supervision of the Research Shop Coordinator. 
For each project, a work plan is developed involving the community partner, 
students, and Research Shop manager, to agree the timeline, deliverables, and 
responsibilities.

In conclusion, the main outputs of science shops include the democratization of 
expertise, the co-creation of knowledge between researchers and communities, 
and the promotion of social justice and sustainability (Frickel and Moore 2006; 
Wibeck et al. 2022). Through science shops, community members, students, and 
researchers work together to develop research projects aimed at creating social 
change and promoting democratic, equal, and participatory practices Overall, 
science shops need to face many challenges while maintaining their inner charac-
teristics favoring the common public good and peer-to-peer relationships.
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Scientific Knowledge

Hildrun Walter and Kerstin Kremer

Definition

Scientific knowledge has gained renewed attention in the so-called knowl-
edge-based society today. Challenges and crises highlight the question of what 
scientific knowledge is and what science can achieve. Especially in inter- and 
transdisciplinary contexts, one should be aware of the potential of scientific 
knowledge, but also of the reductionism inherent in a scientific approach.

Defining what scientific knowledge is, what it means when someone claims 
to know something based on evidence and what this knowledge implies, is part 
of scientific and philosophical ref lections. These questions that originated in an-
cient Greece were discussed by numerous philosophers, such as Aristotle, Bacon, 
or Popper, thereby developing the rules of what is today accepted and applied as 
a scientific approach. Therefore, knowledge acquired via adhering to these rules 
must be accepted as scientific knowledge (Kuhn and Vessuri 2016, 11).

The term scientific knowledge has, regarding its etymology, a double name. 
Knowledge is an Old English word describing the fact of being acquainted with a 
thing or a familiarity gained by experience (Oxford University Press 2022a). The 
attribution scientific relates to the Latin scient-, sciēns, present participle of scīre, 
which means “to know”, so knowledge as opposed to belief (Oxford University 
Press 2022b). 

Scientific knowledge is gained via a specific process which adheres to the con-
ditions of science, here used in the embracing notion including non-empirical sci-
ences such as mathematics, law, philosophy, linguistics, and history. The UNESCO  
(2018, 5) defines science as the 

enterprise whereby humankind, acting individually or in small or large groups, 
makes an organized attempt, by means of the objective study of observed phe-
nomena and its validation through sharing of findings and data and through peer 
review, to discover and master the chain of causalities, relations or interaction; 
brings together in a coordinated form subsystems of knowledge by means of sys-
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tematic reflection and conceptualization; and thereby furnishes itself with the 
opportunity of using, to its own advantage, understanding of the processes and 
phenomena occurring in nature and society.

There is no final definition of scientific knowledge, the term is still frequently dis-
cussed within and between different scientific disciplines. It encompasses empir-
ical, theoretical, and hermeneutical approaches towards a systematic knowledge 
acquisition. However, researchers and students should be aware of the various 
conceptions of knowledge implied in different scholarly cultures. Within trans-
disciplinary learning contexts, the different cultures of knowledge provide the 
potential for a more holistic ref lection, and therefore more comprehensive under-
standing. Persons who intend to collaborate in a transdisciplinary research proj-
ect or educational task should ref lect on and communicate their sources of knowl-
edge, its reliability, and limitations. Conscious discussion may enhance mutual 
understanding for different approaches, documentation, and methodologies in 
scientific knowledge acquisition and therefore may prevent possible misconcep-
tions (Pohl et al. 2021, 18–19). In addition, this ref lection may help to identify com-
mon points of contact and complementary additions to the various disciplinary 
levels of knowledge, thereby enhancing mutual learning. 

Background

The conception of scientific knowledge and how scientists gain knowledge is part 
of epistemology. Epistemology deals with the origin, nature, and limits of human 
knowledge (Stroll and Martinich 2022). Philosophers, historians, and science so-
ciologists contribute to the subject. The modern scientific system can be divided 
into three areas.

First, science as a system of knowledge. Scientists use terms to specify the ori-
gin, conditions, and reliability of statements. They differ between hypotheses – 
tentative explanations that need to be tested by further investigation; scientific 
laws – statements that describe the relationship between certain variables under 
given conditions; and theories – well-substantiated, overarching explanations of 
natural phenomena. Further, scientific knowledge is classified using disciplinary 
typologies, grouping items or concepts based on commonalities they share, like 
the taxonomy in biological classification. These typologies are developed by schol-
ars forming a thought collective (Fleck 1979, 99), which means that they share a 
framework of ideas, cultural customs, and experiential knowledge.

Second, science as an organized process. In their research, scholars apply dif-
ferent methodological approaches including empiricism, analytical methods, and 
hermeneutics. Empiricism involves careful observation, applying rigorous skep-
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ticism about interpretation of observations. It involves formulating hypotheses 
via induction, experimental testing of deductions and refinement (or elimination) 
of the hypotheses based on the experimental findings. Not all steps take place in 
every procedure to the same degree and in the same order. Researchers use an-
alytical methods to reveal type, structure, and function of an object by breaking 
it down into its components and describing their relationships on a theoretical 
basis. Hermeneutics describe the theory and practice of interpretation. It ref lects 
the nature, scope, and validity of statements, for example, inherent in texts or 
observations. Thereby, it can help an understanding of how problems are defined 
and situate them in a societal and historical context. 

Third, science as cultural achievement. Scientific knowledge is organized in in-
stitutions with specific rules and values, and with a societal role and responsibility. 
For Europe, this culture has its origins in ancient Greece and, through knowledge 
exchanges, such as e.g. with the Arab world, has developed over the centuries into 
modern science as we experience it today. Science in the scholarly sense described 
above is today applied universally.

The history of scientific knowledge is complex, and a multitude of perspec-
tives and notions exist. However, it is possible to highlight key developments that 
have led to the emergence of the modern science system. The Greco-Roman an-
cient world represents a distinct cultural area that produced significant scientific 
advances and is today regarded as the cultural origin of European science tradi-
tions. The first period of scientific history in ancient Greece was characterized by 
developments in research methods, the formation of rules and systematization, 
the observation of the course of diseases or the study of order in nature (Merlin 
2014, 16–21). Natural philosophers from this period, like Socrates, Plato, or Aris-
totle, engaged in the earliest known forms of what is today recognized as rational 
scientific knowledge acquisition. Aristotle’s inductive-deductive method used a 
cyclic process of inductions from observations to infer general principles and de-
ductions from those principles to check against further observations to continue 
the advance of knowledge systems. Based on Aristotle’s work, in the Middle Ages 
the scientific systematics of scholasticism were developed including, for example, 
the work of Thomas Aquinas and William of Ockham, elaborating the proof of evi-
dence via disputation (Marrone 2006, 32–37). Assertions were developed based on 
assumptions, which were then tested for arguments for and against this assertion 
with the help of logical considerations.

However, during the 16th century English humanists began to value practical 
knowledge more than solely theoretical consideration, thereby rejecting scholas-
tic disputation (Gaukroger 2001, 6–15). The pursuit of practical knowledge was 
one major aim Bacon followed (Gaukroger 2001, 9–10, 101). With the help of his 
commitment to observation and experiment, empiricism became a central part 
in the reform of natural philosophy towards modern science. This era of scien-
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tific revolution achieved “facts, principles, laws, hypotheses, and theories [being] 
subject to objective judgment in the light of empirical evidence” (Wenning 2009, 
12). Furthermore, humanists, such as Nicholas of Cusa and Bacon, recognized the 
unique role of the researcher, which was a remarkable step in raising awareness of 
the cultural dimension within science and scientific knowledge. Bacon proposed 
rules of conduct for researchers, claiming the requisite of good sense and behavior 
in observation and experiment (Bacon 1620; Gaukroger 2001, 12). With his publi-
cation Discourse on the Method, Descartes is also recognized as pioneer of the de-
velopment of modern natural science, especially for emphasizing the significance 
of doubt or skepticism as an essential attitude for scientific reasoning (Descartes 
1637, part two).

In the 17th and 18th centuries, the development of more formalized processes 
of knowledge creation through empiricism or mathematical reconstruction led to 
an enormous increase in scientific data that had to be collected and ordered. The 
amount of available information increased the pressure to treat data selective-
ly, depending on scientific criteria. Furthermore, experimental settings allowed 
scholars to construct their research around specific subjects and phenomena. 
Scholars communicated concepts and methods that were more specific to these 
subjects, finally leading to specialized journals and communities. Through this 
specialization, the disciplines in the modern sense emerged around 1800. They 
became institutionalized in scholarly associations and universities. This further 
structured knowledge formation and conception, its distribution in research and 
teaching, and its application. The enormous growth of science stimulated by the 
disciplinary development forced the system to further structuring and internal 
differentiation, and, therefore, to a multiplication of disciplines. Scholars had to 
focus their attention on a specific field, thereby leading to an increase in special-
ization. Although the loss of scientific unity was perceived by scholars themselves, 
it was not until around 1970 that public attention to environmental protection and 
technological developments fueled the debate on inter- and transdisciplinarity 
(Weingart 2010). The previous accumulation of knowledge and techniques within 
delimited disciplines now allows complex problems to be viewed from different 
perspectives.

Debate and criticism

The major challenges facing society today are characterized by a multi-layered 
nature and complex underlying causal chains. Their complexity does not allow 
for solutions developed within one discipline (Mittelstraß 1987, 154–55), despite 
the profound stock of disciplinary knowledge available. Researchers need to 
unify different knowledge perspectives in order to address these challenges in a 
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transformative manner. While the natural sciences can provide insights into laws 
and relationships, the humanities can offer ref lective perspectives and elucidate 
the cultural embeddedness of observations. Transdisciplinary research thereby 
represents a complement to disciplinary research, not a replacement. It builds 
on multidisciplinary research, so addressing the same problem within different 
disciplines, and by final sharing of results, it combines findings within a com-
mon context. It also builds on interdisciplinary research, which means a close 
interaction between different disciplines in terms of transferring methods and 
knowledge at an early stage, as well as close cooperation throughout the research 
process. Furthermore, transdisciplinary approaches also often involve societal 
actors to integrate their knowledge and perspective (Lawrence et al. 2022, 44–48). 
A successful integration of these different types of knowledge and practices in 
such collaborative processes can lead to mutual learning, a more holistic percep-
tion of issues, and synergistic, innovative approaches in searching for solutions 
to societal problems. This integration can only be achieved when the scientists 
themselves become aware of the properties of disciplinary knowledge, the pro-
cesses of its development, and its boundaries. Higher education should therefore 
help to ref lect the relevance of mono-, multi-, inter-, and transdisciplinarity to 
complex problems. Teachers and students should become aware that many disci-
plinary perspectives exist and that they are not static, but are evolving based on 
progress in their own as well as in other disciplines (Vereijken et al. 2022, 6). The 
comprehension of basic scientific concepts and a solid understanding of the epis-
temological characteristics that are part of disciplinary knowledge are essential 
baselines for transdisciplinary problem-solving. Here, the concept of Nature of 
Science could serve as an example for educational implementation.

Nature of Science encompasses an understanding of the epistemic, histori-
cal, social, and cultural reach of scientific knowledge as well as an understand-
ing of scientific reasoning and methods. It further ref lects the values and norms 
to justify scientific claims (Heering and Kremer 2018). Since the 1960s, Nature of 
Science was increasingly taken up by science educators and was then central in 
the debate from the 1990s (Heering and Kremer 2018, 105; Lederman et al. 2002, 
498). Communicating the overarching ideas in science that hold true in several 
disciplines are today seen as superior outcomes for science education (Lederman 
et al. 2013, 138–39). One educational aim within Nature of Science is to convey 
that “scientific knowledge is tentative, empirical, theory-laden, partly the prod-
uct of human inference, imagination and creativity, and socially and culturally 
embedded” (Lederman et al. 2002, 499). The authors furthermore underline the 
importance of teaching the distinction between observation and inference, the 
lack of a universal method within science, and the functions and relationships be-
tween theories and laws in science. Scholars from different disciplines, however, 
still controversially discuss conceptions of Nature of Science.
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Today, educators all over the world accept the comprehensive understand-
ing of Nature of Science as a goal to be achieved in the science classroom and 
informal educational settings (Allchin 2011, 519; Lederman et al. 2013, 138). Sev-
eral studies investigated how the explicit ref lection of Nature of Science during 
education supported its understanding, whereby longitudinal studies showed 
only short-term gains (summarized in Cullinane and Erduran 2022, 2). Alterna-
tives to the rather general “consensus view” of Nature of Science (Lederman et al. 
2013, 138) were discussed. Allchin’s (2011) “Whole Science” framework highlights 
dimensions that shape the reliability of science, so that students are empowered 
for personal and public decision-making. Erduran and Dragher (2014) presented 
their “Family Resemblance Approach” that provides perspectives on similarities 
and unique differences of the discipline-specific Nature of Science, such as for 
chemistry, physics, and biology.

Considering not only the potential but also the limits of scientific knowledge, 
helps us realize the significance of the plurality of knowledge sources and to rec-
ognize other types of knowledge, like indigenous or practitioners’ knowledge 
(Tengö et al. 2014, 579). Indigenous knowledge refers to knowledge with different 
forms of legitimation and tradition, e.g. through generations of naturalistic ob-
servation, place- and community-based insight. From the 1990s onwards, mem-
bers of the research community have called for the recognition of other cultures of 
knowledge besides the “Standard Account”. This considers knowledge as scientific 
in the sense of Western culture based on ancient Greek and European heritage 
(Cobern and Loving 2001, 52–56). As summarized by Cobern and Loving (2001, 
54), movements such as multiculturalism (Stanley and Brickhouse 1994), post-co-
lonialism (Rigney 2001), and post-modernism (Lyotard et al. 1995) enabled new 
epistemological perspectives on the relationship between science, culture, and 
the ‘Standard Account’ itself. The conception of scientific knowledge in the stan-
dard account helps us to perceive its inherent nature, since it is clearly defined 
within its disciplinary boundaries and is integrated into educational systems all 
over the globe. This helps us to place and relate scientific knowledge worldwide in 
a similar manner, with all the constraints mentioned above. The perception of oth-
er knowledge forms, e.g. indigenous knowledge, may be limited due to different 
cultural backgrounds (Sidik 2022). It is essential to recognize the value and the 
potential inherent in the diversity of different knowledge forms for more holistic 
approaches, better ways of social inclusion and their huge potential to support 
societal transformation. The integration of diverse knowledge systems in trans-
disciplinary education and research can be challenging (Tengö et al. 2014, 581–82). 
Therefore, Nature of Science could function as an informative guide for the in-
tegration of other knowledge forms. The communication and discussion of their 
nature in transdisciplinary projects may help to integrate them in a respectful, 
valid, and synergistic manner.
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Current forms of implementation in higher education

In modern science education, the understanding of Nature of Science is a critical 
component (Khishfe 2022). Therefore, three basic approaches to Nature of Science 
contextualization are proposed and can be adopted for higher education. Under-
standing the Nature of Science can be promoted (1) through the integration of case 
studies from the history and philosophy of science, (2) through the consideration 
of the mutual inf luence of science, technology, and society using contemporary 
cases, as well as (3) through the ref lection of individual experimental-research ac-
tivities using inquiry-based cases (Allchin et al. 2014; Kremer 2008).

The history of science can provide effective Nature of Science contexts. It 
allows the scientific process and the tentativeness of scientific knowledge to be 
addressed. It provides insight into the subjective and cultural dimension of sci-
ence. Another advantage is that the case is already completed in time and thus 
can help in understanding the evolution of scientific knowledge and the interplay 
with society. For example, Paraskevopoulou and Koliopoulos (2011, 943) developed 
a teaching intervention about the dispute between Millikan and Ehrenhaft about 
the existence of the elementary electrical charge. Douglas Allchin (2012) provides 
a collection of historical cases for the ref lection of Nature of Science and the inter-
play between science and social and political circumstances.

Using contemporary cases that show the relationship between science and 
society offer insights into open and controversial debates. Science education 
researchers contextualized Nature of Science using current socio-scientific is-
sues (Khishfe 2022). For example, press articles or interviews with scientists on 
the Covid-19 pandemic can serve as material for discussion. In order to be able 
to bridge the holistic, people-oriented, contextual, social, and personal life-world 
image and the analytical and objective scientific image that are both part of so-
cio-scientific issues, Zeyer (2022, 5–6) proposes a “Two-Eyed Seeing” method for 
science teaching. By switching between the two images which can stand side by 
side, this stereoscopic view provides a more encompassing picture of the world.

The contextualization using inquiry-based cases builds on the conception that 
Nature of Science can be better understood by actively constructing such knowl-
edge. When the learners engage in a scientific inquiry and ref lect on this process, 
they may gain insight in the nature of the scientific process. Science communi-
cation research shows that citizen science has the potential to improve Nature 
of Science knowledge and attitudes as well as inquiry skills among participants 
(Peter et al. 2021). Thus, the design and participation in citizen science settings is 
another promising scenario for transdisciplinarity in higher education.

Teaching scientific knowledge in transdisciplinary contexts in higher education 
needs both – teaching discipline-specific concepts and knowledge, and teaching 
ways to transcend disciplinary boundaries to connect complementary fields. In this 
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sense, Baumber et al. (2020, 396) provide a case study focusing on the development 
and implementation of a four-year curriculum for the Bachelor of Creative Intelli-
gence and Innovation at the University of Technology Sidney. Students first follow 
three years of disciplinary education and then accomplish a joint fourth year. The 
curriculum employs a transdisciplinary learning approach based on addressing 
complex real-world challenges through collaboration and mutual learning across 
disciplines and with a variety of industry, government, and community partners.

The contextualized ref lection of the role of scientific knowledge in historical 
and contemporary research cases as well as during personal inquiry experienc-
es provides an inevitable foundation for transdisciplinary knowledge formation 
processes in higher education settings, as it can clarify the contributions, the lim-
itations, as well as the social and political embeddedness of different disciplines.
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Definition

Scrum is a project management method. Transdisciplinary group learning and 
collaborative research, especially communication and coordination, can be fos-
tered by adapting the method. The term Scrum originally derives from the rugby 
ball game, where it refers to a tight huddle when the game restarts (Cervone 2011, 
19), and has entered into the (project-)management literature through an article by 
economists Takeuchi and Nonaka (1986), where they describe new, more f lexible 
and incremental approaches to product development they observed in Japan and 
the USA in the mid-1980s.

In project management, Scrum’s main features are formalized forms of com-
munication and coordination, which require relatively little documentation, a 
strict meeting rhythm, and particular management roles and artifacts (e.g. a 
progress board) to manage work tasks (Schwaber and Sutherland 2020). With-
in this rather rigid framework, Scrum promises f lexible, non-hierarchical, and 
self-organizing work processes thanks to built-in, self-correcting feedback loops 
for small teams of five to ten people (e.g. Pope-Ruark 2012).

Specifically, project management with Scrum relies on three defining features 
(Preußig 2015; Schwaber and Sutherland 2020; Shalloway et al. 2010). The first de-
fining feature relates to cyclical workf lows, that is, meetings that are repeated 
after fixed time intervals, which are called sprints in Scrum terminology. In con-
trast to classical project management, Scrum specifies most planning details “on 
the way”. Rather than planning years ahead, which is time-consuming and makes 
it hard to adapt to new circumstances (Pope-Ruark 2017, 10–13), Scrum needs just 
a broadly defined general goal at the outset, which is spelled out in detail and re-
vised if needed as the project evolves. This self-corrective function is at the root 
of the cyclical workf low described above, ultimately enabling adaptive work pro-
cesses, often referred to as agile project management (e.g. Wintersteiger 2015, 20). 

Depending on the timeframe of a specific project, work cycles or Sprints typi-
cally last between one to six weeks and consist of the following meeting formats, 
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which, depending on work cycle length and project size, can each be adapted in 
length: 

• Planning meeting or Sprint planning: In this meeting, the project team specifies 
the tasks necessary for completing the work package that has been prioritized 
for the upcoming work cycle.

• Review meeting or Sprint review: During this format the outcomes of the previ-
ous work cycle are reviewed by the team and relevant stakeholders. This meet-
ing aims to evaluate project progress. 

• Introspection meeting or Sprint retrospective: This is an introspective format, 
where the team evaluates the past work cycle. Main outcomes of this meeting 
are decisions about what should be changed in the following work cycle.

• Update meeting or daily Scrum: Unlike the other meetings, which are scheduled 
once every work cycle, this meeting takes place every day. It is only about 15 
minutes long and conducted as a stand-up meeting. Each team member iden-
tifies what has been completed since the last update, what task they will take 
on next, and whether there are any obstacles to completion. It serves to syn-
chronize the team members and identify any obstacles.

Once meeting timetables have been specified by the team, they cannot be changed 
for the ongoing work cycle. This practice points to one essential aspect of the 
Scrum framework: extremely strict time-keeping referred to as “time-boxing” (e.g. 
Fowler 2019, 75–76) applied to all Scrum meetings. For instance, if a team runs into 
problems midway into a work cycle, then the planned timeframe of the work cycle 
cannot be extended. Instead, the following work cycle will be planned with the 
past delays in mind. In other words, milestones are more f lexible in Scrum and 
timeframes are more rigid than in classical project management.

The second key component of Scrum is the use of artifacts, such as an (analog 
or digital) whiteboard to track project progress. This whiteboard contains all tasks 
identified for a work cycle during the planning meeting (e.g. on sticky notes) and 
visualizes task progress by the position of these notes in one of three predefined 
columns, labeled “to do”, “in progress”, and “done”.

The only more conventional documentation format used in Scrum is a project 
logbook, called Product Backlog, which is a list of all work packages to be complet-
ed to achieve the overall project goal. Importantly, these work packages are not 
yet planned out in detail but only roughly defined and prioritized. Over time, as 
the project progresses, the work packages are broken down into individual tasks 
during the planning meetings. In the logbook, the goals of individual work pack-
ages are usually described by one or two simple sentences, called a User Story, to 
facilitate a shared understanding between team members. A similar communi-
cation technique is used when team members define and agree on a short and 
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easy-to-understand Definition of Done for each individual task that has been iden-
tified as part of a work package.

The third defining feature of Scrum is, in contrast to classical approaches, that 
it designates two types of project manager roles (Schwaber and Sutherland 2020, 
5–7). There is a project facilitator, referred to as the Scrum Master, and a project 
planner, who is called the Product Owner in Scrum terminology. The project facili-
tator runs all meetings, is responsible for solving problems that hinder the work-
f low, and makes sure that the team complies with the Scrum formats. This role 
necessitates dominant facilitation techniques to ensure that the Scrum frame-
work stays intact, and it entails significant amounts of troubleshooting to ensure 
the work processes run smoothly. The project planner, in comparison, focuses on 
maintaining and refining the project goals and priorities in the logbook by plan-
ning and revising necessary next steps beyond the current work cycle. The person 
assuming this role is also in charge of communicating about the project with ex-
ternal stakeholders, such as academic partners or clients.

Background 

By the mid-1990s, Schwaber and Sutherland introduced Scrum as a project manage-
ment framework for software development, which has been updated several times 
since (Schwaber and Sutherland 2020). From the outset, the design of Scrum has 
been driven by the desire to operationalize principles of agile management, such as 
f lexibility, transparency, and incremental improvement (Beck et al. 2001). Scrum’s 
ability to foster self-correcting workf lows (in other words, its potential to foster 
agility) is one of its most acclaimed strengths (Wintersteiger 2015). This f lexibility 
is contrasted with more classical approaches to project management, most notably 
the Waterfall Model (e.g. Thesing et al. 2021). Waterfall planning leads to a detailed 
and fixed project schedule, for instance through highly specified project milestones, 
which are identified in the planning phase even before the start of the project. 

Today, most software is developed within an agile framework (e.g. Kraw-
czyk-Bryłka and Krawczyk 2019), which is based on different forms of implemen-
tation, such as Kanban, Extreme Project Management, and Scrum as the most 
popular method (e.g. Cervone 2011, 19). Given the success of Scrum in the domain 
of software and product development, it is now being promoted as a general 
method for project management in many areas of project work, also for higher 
education and research (Pope-Ruark 2017). However, the literature suggests that 
Scrum is thus far rarely used in academia (e.g. Fernandes et al. 2021, 4). Most 
papers discussing applications of Scrum in higher education are low-profile pro-
ceedings from international computer science or engineering conferences (e.g. 
Hicks and Foster 2010; Linos et al. 2020; Ochoa et al. 2021; Persson et al. 2011), 
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with only a few exceptions stemming from educational science and discussing aca- 
demic applications of Scrum in a non-technical academic setting (e.g. Fernandes 
et al. 2021; Pope-Ruark 2012, 2017).

Despite the dearth of research, and although Scrum was originally developed 
to coordinate project management for monodisciplinary teams of software de-
velopers (e.g. Schwaber and Sutherland 2020, 5), the literature and the authors’ 
facilitation experience with Scrum suggests that the method can be adapted to 
create and maintain collaborative accountability (i.e. a shared understanding of 
goals, processes, and data) in transdisciplinary learning and research contexts. In 
particular, Scrum can synchronize academic collaboration – acutely so for trans-
disciplinary teams that are marked by diverse bodies of knowledge and skill sets 

– through its formalized communication techniques and a focus on creating and 
maintaining shared (visual) representations of collaborative workf lows on progress  
boards. In other words, Scrum can guide the communication and organization 
necessitated by transdisciplinary group learning and research.

Debate and criticism

Scrum is mostly criticized for potential shortcomings in oversight, because no de-
tailed milestone roadmap or waterfall project plan is followed (e.g. Cervone 2011, 
22; for a general debate see Serrador and Pinto 2015). This is particularly problem-
atic for project management in academia as most funding agencies require stan-
dard waterfall plans and reporting. Some practitioners of Scrum also criticize the 
framework for introducing a certain “breathlessness” into project work, referring 
to the repetitive work cycles and the metaphorical and literal emphasis on sprint-
ing through fixed time intervals. For academic projects, this may not provide 
enough time to think and focus on in-depth analyses. Furthermore, Scrum lan-
guage is rather inaccessible to those unfamiliar with the framework, hampering 
the creation of a common language and common ground, which already is a chal-
lenge for inter- and transdisciplinary team work in academia. Finally, the Scrum 
philosophy or mindset – which is emphasized as one of its most central parts (e.g. 
Sloan 2015) – might be perceived as too dogmatic by academic teams and may lead 
to resistance rather than effective work processes. There are also voices, howev-
er, which underline the (politically) progressive potential of the Scrum mindset to 
foster non-hierarchical work environments and a communicative work and feed-
back culture (e.g. Pope-Ruark 2017, 15–22).

Project facilitation via Scrum is increasingly in demand for its potential to 
coordinate distributed teams (e.g. Fowler 2019; Krawczyk-Bryłka 2017) – increas-
ingly so in the wake of the worldwide trend towards remote work during and after 
the Covid-19 pandemic (Henke et al. 2022). Generally, Scrum seems to function 
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just as well, or even more effectively, for distributed and hybrid teams (Sutherland 
et al. 2007). However, more technology-prone or introvert team members may 
fare better in a digital (Scrum) environment than technology-averse or extrovert 
team members, who may prefer analog interactions (e.g. Grelle and Popp 2021). 
Similarly, team members who interact in highly diverging intensities with digi-
tal progress boards require increased coordinative efforts (Hidalgo 2019). Finally, 
digital facilitation, for Scrum or other formats, requires more planning and active 
chairing than face-to-face facilitation to avoid what has become known as “Zoom 
fatigue” (e.g. Nesher Shoshan and Wehrt 2022).

On the positive side, Scrum has the potential to foster team work and system-
ize the management of group learning, research, and administration (e.g. Hidal-
go 2019; Pope-Ruark 2017). For the university classroom, there is evidence that the 
transparent and ritualized communication and planning and the clear role alloca-
tion in Scrum may foster a collaborative learning environment and reduce student 
anxiety related to group dynamics and the rejection of group projects (Allan 2016; 
Fernandes et al. 2021; Pope-Ruark et al. 2011).

Especially in transdisciplinary academic contexts, where students, external 
stakeholders, and researchers do not share the same knowledge and background, 
formalized communication techniques may help to keep misunderstandings at 
bay and to synchronize goals and achievement strategies. For instance, by col-
lectively negotiating a Definition of Done in a transdisciplinary group, possibly di-
verging expectations about the goals (“what do we need to do”), the methodology 
(“how do we get there?”), and the medium of the final product (“how do we (re-)
present our results”) can be identified – and clarified if needed – as a basis for 
effective team work. 

Finally, the lack of agility in higher education tends to be a general obstacle 
to introducing Scrum to academia: Typically, higher education is not particularly 
f lexible when it comes to changing research goals or curricula to meet new re-
quirements. For example, in funding applications, project goals usually need to 
be mapped out using Gantt charts and underpinned with concrete project mile-
stones, even if the project is to be managed with Scrum. And both the university 
classroom and the academic research group are typically marked by steep hierar-
chies in contrast to the f lat hierarchies envisioned for effective cooperation and 
coordination in Scrum teams (Schwaber and Sutherland 2020). 

Current forms of implementation in higher education

There are currently two forms of implementation of Scrum in higher education: (1) 
to help manage transdisciplinary research (Scrience) and (2) to facilitate collabora-
tive and transdisciplinary learning (EduScrum).
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To manage transdisciplinary research groups, Scrum provides a systematic 
approach to collaboration and communication, which is used to some extent in 
IT or engineering departments and rarely in domains outside of this context (but 
see Hidalgo’s 2019 case study on using Scrum in a UK policy research center). To 
provide insights into the more general forms of implementing Scrum to manage 
research, the authors of this chapter therefore share their own practical experi-
ence with devising, introducing, and maintaining Scrum to manage transdis-
ciplinary research projects (see Speiser et al. 2023). Given that the developers of 
Scrum, Schwaber and Sutherland (2020, 13), are adamant that their framework 
should not be called Scrum if it was changed in any way, the authors refer to their 
implementation as Scrum for Science or Scrience. However, the Scrum framework 
can and should be maintained when implementing Scrience. 

To account for the fact that Scrience is not only about practice and products 
(as the original Scrum) but also about knowledge, education, and discourse, Scri-
ence requires an additional “science meeting” to formalize discussions of scientific 
theories, findings (e.g. newly collected data), and thesis work. The science meeting 
should be scheduled in the middle of every work cycle. To account for the busy 
work schedules of academics, which often involve more than one project at a time, 
work cycles should be extended (e.g. to about three to four weeks) to create the 
right meeting density that fits into typical faculty or student schedules (see also 
Hidalgo 2019, 17). For similar reasons, the update meetings should be scheduled 
weekly rather than daily (see also Baham 2019, 142; Ochoa et al. 2021, 4).

For Scrience to succeed, a second critical feature is that members of academic 
teams possess, on the one hand, unique and diverse expertise instead of similar 
skills as originally envisaged in the Scrum framework (Hidalgo 2019, 18–19) and 
may assume multiple roles on the other. To account for the uneven distribution of 
expertise, it is recommended to treat each task as if it was for a generalist team to 
ensure transparency, team synchronization, and consensus, even if certain tasks 
realistically can only be completed by an individual team member. To avoid role 
confusion, the role of project facilitator (Scrum Master) should be assigned to a 
senior team member with authority in the team rather than to a student assis-
tant, and with sufficient resources to regularly chair the meetings (see also Baham 
2019, 150). For similar reasons, the Principial Investigator (that is, the person in 
charge of the research project) should take on the role of project planner (Project 
Owner), who coordinates and prioritizes work packages with the overall project 
goal in mind. If the Principal Investigator does not have the time to be actively 
involved in project planning, this role can also be performed by a team member 
capable of the necessary scientific oversight. However, the Principal Investigator 
must then accept that this practice reduces his or her role to a project stakeholder, 
who is only occasionally consulted for input by the chosen project planner (see also 
Fowler 2019, 74). 
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Finally, given that Scrience is a new form of project management that most 
team members will be unfamiliar with, every project needs an extended intro-
ductory phase during which all team members are familiarized with the main 
concepts and are given the opportunity to practice the steps involved and make 
mistakes (also see Pope-Ruark 2012, 165–67). To facilitate transdisciplinary com-
munication, it is recommended to use accessible language instead of potentially 
inaccessible Scrum terminology for the different components of Scrience, such as 
speaking of ‘work cycles’ instead of ‘Sprints’ – as already demonstrated through-
out this chapter. During the introductory phase, the team members should also 
decide on a meeting rhythm and work cycle length and commit to keeping this 
schedule for at least three to six months before revising it if necessary. As for the 
original Scrum, Scrience works best for groups of four to ten members. Larger 
teams may be divided into separate smaller groups with different thematic focus 
if needed (e.g. on technology development versus study design; also see Schwaber 
and Sutherland 2020, 5).

To manage collaborative and transdisciplinary learning, Scrum’s most com-
mon form of implementation is in the context of applied engineering and com-
puter science courses around the world, where students work on development 
projects and learn Scrum as a project management tool on the side (Baham 2019). 
This practice is sometimes referred to as EduScrum (e.g. Fernandes et al. 2021; 
Neumann and Baumann 2021). EduScrum has also been used successfully out-
side of engineering curricula and with the broader goal of enabling project-based, 
collaborative, and transdisciplinary student learning in the academic classroom. 
Pope-Ruark (2012, 2017) has shown, for instance, that Scrum can be used to man-
age student projects in the humanities just as much as in engineering or program-
ming courses. 

The focus of EduScrum mostly lies on equipping students with Scrum as a 
skill, which they will need later in industry and to manage practical course work 
effectively (e.g. Kudikyala and Dulhare 2020). In this context, the lecturer of-
ten assumes the role of the project facilitator (e.g. Persson et al. 2011, 63; Pope- 
Ruark 2017, 171–74), that is the role of the Scrum Master, whereas project plan-
ning is done by a student team member or by an external stakeholder from in-
dustry. EduScrum may thus be an effective way to satisfy the increasing need for 
project management tools in the classroom arising from a general didactic trend 
towards group learning in cooperative education, design thinking, storytelling, 
student-organized teaching, and transdisciplinary learning in general.

In summary, Scrience and EduScrum effectively adapt the original Scrum 
to fit individual educational and scholarly needs. Although both frameworks are 
helpful tools to promote transdisciplinary research and learning by providing a 
clear and ready-to-implement collaboration and communication framework for 
interdisciplinary teams, small deviations from the described approaches matter 
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and may alter their effectiveness. Thus, in the future both Scrience and EduScrum 
might benefit from further evidence-based consolidation in the form of published 
quality standards or – using the language of agile management (Schwaber and 
Sutherland 2020; Takeuchi and Nonaka 1986) – more definite “rules of the game”. 
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Storytelling

Juliette Cortes Arevalo, Kathryn Adamson, Emanuele Fantini, Laura Verbrugge,  
and Roland Postma

Definition

All animals and plants communicate in one way or another. However, creating 
and telling stories to make sense of the world and one’s experiences are uniquely 
human traits (Boyd 2018). The etymology of the word story relates to the Greek 
εἶδος (eîdos), which means the idea, form, or shape of things (Martin and Miller 
1988). Through stories, one makes sense of past events and creates new worlds and 
possibilities for ourselves and others (Boyd et al. 2020). Storytelling is a subjective 
and engaging way of referring to an event or series of events through multisenso-
ry mediums such as audial, verbal, non-verbal, visual, and textual communica-
tion (Anderson 2010). 

One can narrate, interact with, and exchange stories in various ways and from 
at least three perspectives: (1) the perspective of the storyteller(s) who, through their 
accounts, share knowledge, meaning, and emotions so that others can care, re-
member, retell, and share their story; (2) the perspective of the audience that may or 
may not be present at the time of the performance but perceives and reacts to the 
story(tellers); (3) the wider perspective of the context in which the story takes place is 
interpreted and inf luenced by the exchanged stories (Murray and Sools 2015). 

Collaborative storytelling refers to group efforts to create, tell, and share 
stories, including but not limited to the story audience (Goldstein et al. 2015). 
Moreover, digital storytelling incorporates the technology of various multime-
dia modes such as graphics, audio, texts, videos, and animations to enhance the 
power of storytelling and ensure that the story is accessible through multiple dis-
semination channels (Bee Choo et al. 2020). Many different types of communica-
tion or texts can be analyzed as narratives or stories, including facial expressions, 
gestures, dance, and sound effects related to cultural, art-based, and role-play-
ing forms of storytelling such as films, theater, photography, music, and games 
(Blackburn Miller 2020; Wang et al. 2017). 

A story typically refers to a collection of events with a beginning, a middle, and 
an end, where something happens and changes the protagonist. Narratives are the 
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means to describe such events, which as a whole, can also be referred to as a story. 
The narrative term also refers to the general argument about an issue and a text 
style (Moezzi et al. 2017). Narrative research analyzes the story’s content, struc-
ture, and function (Murray and Sools 2015). In contrast, non-narrative styles refer 
to a collection of facts, typically told from an impersonal perspective, to build a 
position from referenced sources (Avraamidou and Osborne 2009). In both cases, 
stories and facts are not mutually exclusive categories. Stories are a form of data 
collection, analysis, and reporting that complement traditional sources and re-
search methods (Rhodes and Brown 2005).

Any type of story includes the following six elements (Green et al. 2018): (1) 
characters and protagonist: usually humans, but possibly another animate actor, 
object, practice, or idea; (2) acts or events: typically performed by, or happening to, 
the protagonist through the story sequence; (3) setting: generic world, specific lo-
cality, or non-physical environment where the story takes place; (4) plot: sequence 
of events in which the protagonist pursues a goal that may include unexpected 
twists to help the audience experience the story’s drama or emotion; (5) conf lict: 
tension, problem, or urgent question that needs to be solved; and (6) outcome: 
the resolution of the protagonist’s pursuit. In addition, storytelling’s interactive, 

Figure 1. Key questions to start with storytelling in research or education  
(Source: the authors).
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Table 1. Key example considerations based on experiences from education and research

Key questions Examples References

What are the 
aims?

Promote reflection, achieve empathy and identi-
fication, gather knowledge, change behavior, and 
challenge social constructs.

(Grimaldi et al. 2013; 
Rhodes and Brown 2005)

Who is (are) the 
storyteller(s)?

Perspective from which the story is told – the 
actual teller or intermediary who makes the 
performance.

(Moezzi et al. 2017;  
Murray and Sools 2015)

Who are the 
audience?

Individuals or groups for which the story is 
crafted include citizens, students, policymakers, 
academics, etc. Every audience group has its 
interest and knowledge levels concerning the 
story content.

(Reinermann et al. 2014; 
Stewart and Nield 2013)

What is the 
medium?

Storytelling mediums include discussion forums, 
digital media, books, podcasts, visual art, songs, 
movies, poetry, and theatre. Each medium has its 
characteristics and requirements regarding form, 
content, and length.

(Wang et al. 2017)

Which roles and 
skills does the 
storyteller need 
on the team?

Roles vary according to the influence of the 
team member on the storytelling, such as editor, 
advisor, designer, audience representative, etc. 
Relevant team member skills include imagination, 
improvisation, and creative and technical skills 
in writing, performing, or visual arts. Technical 
knowledge in the expertise domain of the story 
content. Knowledge about and relations with the 
intended audience.

(Blackburn Miller 2020; 
Goldstein et al. 2015)

Which resources 
are needed?

Multimedia equipment (cameras, microphones), 
editing software, online application, meeting 
space, art supplies, etc., according to the chosen 
medium.

(Wang and Zhan 2010)

Where and how 
will the story be 
shared?

Sometimes the storytelling medium and the chan-
nel of dissemination coincide, but not necessarily. 
Where and how the story will be shared limits the 
medium choices and story considerations.

(Blackburn Miller 2020)

How do we know 
the aims have 
been achieved?

Audience’s feedback (expressions, responses, and 
actions). Effects such as enhanced knowledge, 
changed attitudes, preferences, and behavior 
are measured through audience questionnaires, 
surveys, observations, and tracking into short-  
or long-term studies.

(Wang et al. 2018)
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persuasive, and living essence typically requires a strategic design to combine all 
elements into a “good story”. Figure 1 includes key questions or considerations for 
effective storytelling, for which Table 1 gives some examples. To interact with the 
audience, the storyteller should have specific aims for which story elements are 
carefully chosen. Story creation is not linear, and choices may be revisited several 
times. Although often overlooked, the storytelling practice improves when mea-
suring the extent to which the intended aims are achieved. Moreover, a respon-
sible practice requires the critical and ref lective recognition of the desired and 
undesired effects, either as a direct or indirect result of the storytelling.

Background 

Stories have been part of everyday life for millennia via mainly oral and visual tra-
ditions. Through storytelling, individuals and communities have historically enter-
tained, taught cultural norms, and built shared perspectives. Today’s global com-
munication happens via email, blogs, social networking, and video-sharing sites. 
Storytelling takes place in all cultures and a variety of forms. The storytelling re-
search and practice include anthropology, philosophy, psychology, linguistics, his-
tory, library science, art, and media studies, among many others (Anderson 2010). 

Modern storytelling has proliferated due to three important developments. 
After the invention of printing, printed stories became widely available. Subse-
quently, mass media such as the press, cinema, radio, and television have made 
stories accessible and marketable to many people. More recently, with comput-
ers and the internet, storytelling incorporated multiple media, including social 
media, so digital stories became easier to create and share, especially with more 
affordable technologies. 

Storytelling has countless applications at the individual, community, and or-
ganizational levels and is used in the realms of education (Wang and Zhan 2010), 
research (Murray and Sools 2015), and innovation among many other applications 
(Sergeeva and Trifilova 2018). As a communication strategy, storytelling success-
fully leverages the intrinsic temporality, plurality, ref lexivity, and subjectivity of 
stories for (Rhodes and Brown 2005): (1) sense-making, (2) communication, (3) 
identity and identification, (4) politics and power, and (5) learning and change. 
Stories are a means of recounting, interpreting, and making sense of events, in-
dividually or collectively, to position ourselves and others (McVee and Boyd 2015). 
Stories are effective by tapping into the emotions of personal experiences to men-
tally transport the audience into the storyteller’s world (Morris et al. 2019). There-
by, stories help overcome the perceived abstract, often distant nature of knowl-
edge, allowing people with different backgrounds to relate to each other’s identity 
and understanding of the world (Bamberg and Georgakopoulou 2008). 
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The compelling characteristic of stories can also be used to grab attention and 
(political) support without much debate (Rhodes and Brown 2005). Concerning 
learning, story finding, telling, expanding, processing, and reconstructing en-
courage interactive learning about the actors, places, and events of an unfolding 
plot to ref lect and decide on the role one wants to play. Importantly, imagina-
tion encourages creativity instead of merely tapping into preexisting stories to 
collaboratively (re)frame the past, present, and future (McDrury and Alterio 2003; 
van Hulst, 2012). In today’s society, education and research increasingly require 
facilitating transformative and sustainability-oriented learning to counteract en-
vironmental problems and injustice (Lotz-Sisitka et al. 2015). Stories can elucidate 
desired futures (and fears) and help to analyze such scenarios to mobilize and em-
power transformation (Inayatullah 1998). 

Transdisciplinary learning implies the inclusive, ref lective, and active engage-
ment and dialogue between multiple societal actors. These actors, as storytellers 
or audiences, are not limited to students, teachers, and researchers but include 
representatives of different types of knowledge. Stories can effectively promote 
dialogue and bridge across disciplines, societal demographics, and geographic 
scales and are, therefore, a powerful tool for transdisciplinary learning (Black-
burn Miller 2020).

Debate and criticism

While storytelling can effectively communicate with, inf luence, and engage dif-
ferent audiences, ethical concerns are related to subjectivity, misuse, and respon-
sibility. These concerns arise from moral principles that guide people in taking 
responsibility for their choices and actions based on how they may affect others 
(Rosenstand 2017).

First, stories are a subjective way to produce and shape reality. Especially when 
compared to scientific ways of working, storytelling uses literary and persuasive 
techniques rather than being limited to evidence-based claims and facts. Whether 
following a scientific method or not, stories and facts result from a simplification 
of the complexity of reality. This simplification could propagate stereotypes and 
preserve power imbalances by, for example, only considering the perspective of 
dominant or supportive groups (Solórzano and Yosso 2002). As a counterargu-
ment, storytelling can give voice to those who have previously been silenced and 
thus plays an important role in decolonization movements, among other move-
ments to counteract power imbalances in research and education (Cunsolo Willox 
et al. 2013; Petheram et al. 2015; Zavala 2016).

Second, because the power of storytelling is so great, stories can easily be mis-
used, for example to spread misinformation. Stories could mislead people when 
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they believe the content without scrutiny. The spread of misinformation to mis-
lead people is becoming more common in the current political and digital media 
environment, leading to distrust and misperceptions of scientific knowledge in 
society (Iyengar and Massey 2019). When used appropriately, fictive stories can 
assist in envisioning possible futures and establishing community engagement 
(Riedlinger et al. 2019). However, there are also words of caution as researchers, 
policymakers, and other audiences may fail to acknowledge the assumptions 
and simplifications underpinning their storytelling (Twyman et al. 2011). Misuse 
and misinformation require researchers to proactively develop strategies in their 
practice and communication to restore societal trust in science (Cardew 2020).

A critical stance is thus needed to engage in ethical storytelling as a storyteller  
or audience. When evaluating what makes a “good story”, one should ref lect on 
the intended purpose or outcome and consider how it may affect others. With 
this in mind, carefully plan and facilitate the storytelling process and consider the 
skills required of the storytelling team and the audience. While communication 
is indispensable in almost every profession, storytelling skills have received little 
attention in higher education. Developing such a skillset comes with its share of 
discomfort, as it takes time for researchers to “unlearn” trades of using jargon or 
focusing on methods (Green et al. 2018). Instead, more attention to critical think-
ing skills in education can aid the identification of effective characteristics of eth-
ical storytelling and scientific practice (Glisson 2019).

Current forms of implementation in higher education

The following examples from around the globe are selected from a growing body of 
literature to illustrate the many forms of storytelling focusing on environmental 
applications. Many other relevant examples exist online or in community spaces  
but are not frequently documented.

In South Africa, Loots (2021) explores the decolonization of higher education 
dance curricula to transcend prescribed “western/northern” teaching models and 
incorporate locally situated dance styles. By combining verbal and physical dia-
logue, students can effectively express and explore personal narratives of race, 
gender, and health issues using culturally anchored dance styles. Similarly, visual 
and oral storytelling has been noted as a powerful, cost-effective tool for curricu-
lum decolonization in the African higher education system by integrating global 
perspectives and local indigenous narratives to interrogate social injustice and 
marginalization and address existing social hierarchies (Mampane et al. 2018). 
Working across disciplines, visual storytelling was used to unite Australian indige- 
nous communities and researchers to co-create scientific knowledge to inform 
policymaking. During workshops and interviews, photographs, videos, diagrams, 
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and oral accounts were collated in order to better understand local perspectives 
on marine food dependence, climate change, and coastal adaptation (Petheram 
et al. 2015). Moreover, collaborative storytelling and theatrical practice helped re-
searchers and local communities to co-explore and reimagine the effects on the 
lives of people in the USA and the United Kingdom of the projected results of cli-
mate change (Liguori et al. 2021; Shenk and Gutowski 2022) and to explore the 
understanding of air pollution in Kenya (West et al. 2021).

Adamson et al. (2021) use storytelling across generations to facilitate commu-
nication between researchers and schoolchildren from varied cultural and socio-
economic backgrounds in the United Kingdom. Follow-up evaluation showed that 
personal narratives and imaginative stories proved highly effective for (1) putting 
a “human face” to abstract or complex scientific ideas; (2) developing common 
ground between researchers and audiences via shared language and experience; 
and (3) using co-creation to remove perceived power imbalances. Two examples 
from the Netherlands use storytelling across geographical, disciplinary, and 
professional boundaries. The first teaches video storytelling to masters students 
worldwide (Fantini 2019), and the second develops StoryMaps collaboratively to 
communicate research outputs to practice (Cortes Arevalo et al. 2020; Kok et al. 
2022). Both projects demonstrate that storytelling enhances transdisciplinary 
learning when students/researchers increase their understanding: (1) how to 
structure and illustrate a story using the most appropriate resources (style, char-
acters, images, sounds, etc.); (2) storytelling as universal but not uniform prac-
tice. Clear consideration of the audience, message, and format ensures a balance 
between local requirements while drawing inspiration from global, mainstream 
communication platforms; (3) visual storytelling as an iterative process and col-
laborative craft. The storytelling team takes responsibility for their role (as ed-
itor, narrator, cameraperson, audio, sound engineer, etc.) while simultaneously 
negotiating their choices with team members and audiences with different back-
grounds, understandings, and preferences. 

While short-term storytelling effects, such as improving the engagement of 
the variety of actors relevant to transdisciplinary learning, are more frequently 
studied (Smeda et al. 2014), a key challenge for research and education is to mea-
sure how stories are directly or indirectly used by the audience and their long-
term efficacy for behavioral change (Wang et al. 2018). One of the few long-term 
studies is Cordero et al. (2020), who surveyed pro-environmental decisions of 
university graduates in the USA after they completed a university sustainability 
course. The use of personal narratives embedded in the course highlights the rele-
vance of environmental issues, meaning that students considerably reduced their 
carbon emissions long after course completion. 

To conclude, by acting as storytellers, the researchers or students can acknowl-
edge the subjectivity of their stories and ref lect on the stereotypes and dominant 
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narratives they can reproduce. They can identify how to better care for and com-
municate trustingly with audiences in multiple societal groups. As a universal 
but not uniform phenomenon, storytelling can facilitate communication across 
boundaries of knowledge, power, and identities. At the same time, storytelling 
remains situated in specific cultural contexts and traditions, making it relevant 
and suitable to address local specificities. More and better documentation of cur-
rent and future storytelling applications within higher education and research is 
needed to study the effects of storytelling. Finally, responsibly exploring different 
storytelling methods and types help to value both the process and the output of 
transdisciplinary learning.
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Student-Organized Teaching

Judith Bönisch, Frank Becker, Laurenz Blömer, Sanjeet Raj Pandey, Baiba Prūse,  
and Johannes Vollbehr

Definition

As student-organized teaching has until now been a poorly researched and docu-
mented field, we propose a working definition on the subject based on our experi-
ence as practitioners: Student-organized teaching can be defined as a form of learn-
ing and teaching at higher education institutions in which students actively and 
self-determinedly design learning processes for themselves and others. Thus, they 
are learners and teachers at the same time and shape their learning spaces and the 
learning environment of their universities. Student-organized teaching is opposite 
to the hierarchical approach of the knowing teacher and the unknowing student. 
Student-organized teaching follows the idea that knowledge can be self-acquired, 
jointly developed in a group, gained in social interaction, and oriented to a concrete 
object. On this basis, it demands individual power to shape the joint learning process. 

The concept of student-organized teaching can be connected to a social con-
structivist approach of teaching and learning (Dudley-Marling 2012; Singer-Bro-
dowski 2016, 109–12) and to student autonomy (for a discussion on autonomy 
see Holmes 2021). The extent to which this is permitted by study regulations and 
universities varies greatly and changes over time, and in the context of societal 
change as a whole.

The formats of student-organized teaching can be systematized according to 
various dimensions, e.g. degrees of freedom (can students decide about contents, 
methods, project goals, and scope of their work or just some of those?), disci-
plinary affiliation (discipline-based or inter- or transdisciplinary?), or integration 
into curricula (compulsory or elective?). Student-organized teaching can include 
different methods and learning concepts, so overlaps with project teaching, prob-
lem- and inquiry-based learning (Jonassen and Hung 2012; Pedaste et al. 2015), 
or service learning (Dolgon et al. 2017) are common. Tutors in student-organized 
teaching are usually other students. 

As student-organized teaching is a heuristic and essentially self-designed 
form of teaching, the degrees of freedom represent a continuum: On the one end 
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courses exist in which students have complete freedom to choose their own con-
tent and methods and receive sufficient material and nonmaterial support from 
the university. The professional or didactic support of the students is primarily 
aimed at enabling them to act independently in and with a project group and to 
solve their self-defined problem, considering their individual knowledge, previ-
ous experience, and competencies. External control of the process, for example by 
professors, is not intended. Student-organized teaching on this side of the contin-
uum is committed to self-determined (Blaschke 2012; Kenyon and Hase 2013) and 
self-organized learning (Harri-Augstein and Thomas 1991; Low and Jin 2012). On 
the other side, the degrees of freedom are rather low because, for example, con-
tent and methods are closely prescribed. 

We consider the formats with the greater degrees of freedom to be more 
promising with regard to the context of transdisciplinary learning as ref lection 
processes, e.g. on hierarchical structures, different needs and perspectives or 
communication patterns are necessary to a far greater extent in order to be able 
to manage these forms of student-organized teaching. Ref lection processes like 
those are of fundamental importance for the acquisition of transdisciplinary com-
petences (Pearce et al. 2018; Wiek et al. 2011).

Background 

In our experience, many student-organized courses and projects do not or not 
explicitly refer to any historic context or history as they last for a few years only 
(constrained by the capacities of the initiators, the manageable time frame of the 
initiators’ education program, or the limited funding provided by universities). 
Student-organized teaching often happens without theorizing on their own cho-
sen approach and with little documentation. Some projects, however, do explicitly 
refer to a historic background (e.g. Bönisch and Energieseminar 2021, 9). An ap-
preciative stocktaking on a larger scale is certainly necessary here. 

The student movement of the 1960s and the following politicization of the 
student body had a strong impact on self-organization processes and student or-
ganization in general (Altbach 2007, 329). The movement sought to open univer-
sities, to combine theory with practice, and to place knowledge and knowledge 
production in social contexts. From this starting point, numerous student initia-
tives, associations, and self-governance structures were established and tutoring 
structures were introduced or expanded (Bönisch 2021, 9; Della Porta et al. 2021, 
19). At the same time, an ongoing discussion continued on whether replacing reg-
ular teaching staff by students could foster increasing economization of higher 
education institutions (Heyner 2014, 44; Topping 1996, 321). In these processes, 
university didactics and teaching staff argued that opportunities of innovation 
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and reform could get lost when student tutors just repeat the content of lectures 
(Heyner 2014, 44 and 50). 

However, the demand for change in higher education institutions both to meet 
their social responsibility and to qualify students for the challenges of their future 
life can be discussed as a field of learning for these challenges and changes. The link 
between student-organized teaching and transdisciplinarity is established from a 
transdisciplinary competence dimension. Which competences are necessary to 
tackle current problems? Several attempts try to systematize “transdisciplinary 
competences”, such as the Inner Development Goals (Jordan 2021) or the Green 
Comp European competence framework (Bianchi et al. 2022). Key competences 
such as communicating, dealing with ambiguities, and self-ref lexivity can be bet-
ter acquired in a self-organized setting than in a traditional unidirectional course 
(see Hawtrey 2007). In self-organized teaching projects, students are confronted 
with negotiation processes on various levels, which they otherwise face rarely in 
their studies: students negotiate with students over the course contents, students 
work with academic teaching staff to implement the course, and students coop-
erate with professors in the final assessment of the performance achieved in these 
courses. In essence, student-organized teaching is a contribution to learning for 
a transdisciplinary practice: My counterpart is not me. My values, goals and actions do 
not a priori coincide with those of my non-university partners. 

Debate and criticism

Research on student-organized teaching at higher education institutions is rare, 
even though self-organized learning has been broadly discussed since the 1980s 
(Singer-Brodowski 2016, 112). This failure is due to the often-marginalized posi-
tion of student-organized courses at higher education institutions and the lack 
of related scientific organs such as peer-reviewed journals or scientific societies. 

Student-organized teaching is not beneficial per se. One should ask in what 
ways the different forms of self-organized teaching are useful and how they re-
f lect the social conditions of research. What intentions are being pursued with 
a course? And are these intentions transparent to the students? According to our 
perception, at least in the Western world more and more models appear that claim 
to satisfy student-organized processes in one form or another. Whether specific 
degree programs provide sufficient freedom to integrate this demanding teach-
ing–learning format is questionable – to put it bluntly: Are students “allowed” to 
make “mistakes” within the framework of their studies? Or is the study program 
determined by “credit points”? And do students have the courage, the necessary 
skills and ref lection techniques, to enter this failure-based learning process in the 
performance-driven surroundings? 
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The question of failure results in the question of quality measurement and 
evaluation. For some education institutions, it is lack of a professor to guarantee 
the quality of a course, while others complain about too little technical depth in 
student-led courses. We suggest rethinking quality and quality measurement in 
student-organized courses: Can the quality of the learning process be measured in 
other ways than passing an exam in the end of the course? Should facts and figures 
really play such a central role in higher education? What are the success criteria?

In addition, universities rarely provide “blank spaces”, i.e. open spaces for 
teaching and learning that are not pre-structured, e.g. by narrow boundaries or 
the inf luence of teaching experts. We observe that “blank spaces” of self-organized 
teaching have recently been discovered as “didactically fillable voids”, whereby di-
dactics comes across as a supposedly neutral tool. However, student-led self-or-
ganized teaching projects are usually the result of a debate between students and 
the university. Containing these spaces and projects didactically establishes a re-
lation of power that impedes the development of students’ self-organization. We 
consider this to be non-emancipatory, as it does not correspond to the humani-
tarian world view universities are committed to. This development has monetary 
consequences as well: In education systems that do not appreciate open and stu-
dent-led spaces, budgets are cut or projects no longer receive funding. Spaces for 
student-organized teaching are often in a precarious situation.

Apart from that, self-organized teaching empirically works with methods and 
skills, e.g. in moderation, presentation, or decision-making. The challenge for aca- 
demic staff in supervising student-led courses is to develop a support structure 
to ensure that students receive information and support when needed without 
governing the self-organized structure of the students’ work. 

There are also limits of self-orchestration. How is the framework defined that 
can be filled by student self-organized teaching? What is the role of student tu-
tors? Do tutors decide on the grading of participants? Do tutors decide on content 
and outcome or is this a group decision? 

Students’ self-organized teaching projects can turn out to be a benefit for uni-
versities: They can easily be used as an incubator for innovation in teaching and 
successful projects can be incorporated into regular teaching through appropriate 
processes. 

Current forms of implementation in higher education

As typologies of student-organized teaching, documentation of student-orga-
nized teaching is difficult to find and hardly a topic for peer-reviewed journals. As 
an example, the project lab Sustainable Handprints at TU Berlin is a four-semester 
student-organized platform for fellow students to work in interdisciplinary groups 
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on interest-driven projects regarding education for sustainable development in 
interaction with relevant stakeholders. Bachelor and master students from differ-
ent universities engage in the course and work towards common solutions on how 
to implement sustainability in practical and playful ways. Socially and personally 
relevant topics are the subject of interest-driven research in the project lab. With 
skill- and knowledge-sharing methods all participants gain insights into various 
science disciplines and diverse perspectives on how to approach the complexity of 
sustainability. The project lab opens the space for knowledge exchange between 
students and relevant actors, such as experts of organizations, researchers, pro-
ject lab alumni, teachers, and pupils (Project Lab Sustainable Handprints 2023). 

Another example is based on an interdisciplinary course constructed around 
the concept of citizen science and local ecological knowledge at the University of 
Iceland. The way the students were involved in the learning process was different 
from traditional academic courses, as they were directly linked to the local com-
munities as well as to the coauthors of the peer-reviewed studies. The course was 
available for international and Icelandic students at various study levels, includ-
ing PhDs. In order to keep the interaction open among the tutor and the students, 
several ice-breaking methods were integrated into the teaching, including a com-
mon coffee break (informal) at the end of each class. 

Degree of guidance in “Sustainable Handprints”: In the beginning, a high degree 
of guidance was given by the tutors. In the later stages the room was opened for 
self-guided group work. With the autonomy and support provided through the 
tutors as well as the project lab community, groups created a strong drive to real-
ize their project ideas. The tutors acted as coaches who guided the project groups 
during their interest-driven projects. To keep the balance between blank space 
and formally predefined guidelines was a great challenge for the tutors. 

Degree of guidance in “citizen science and local ecological knowledge”: The short time 
allocated for the course (one week) set some restrictions in terms of how much guid-
ance was needed to be set by the tutor. The format of the final report and the layout 
for the note and question page was already pre-set for the students to directly dive 
into the subject. The success of the course was very much dependent on students’ 
curiosity to question and summarize the discussions. Each lecture began with an 
online call with the experts (both academic and community level). In order to gain 
long-lasting benefit from the notes, the students were invited to co-organize a blog 
post which was later published on the eu.citizen.science web page (Gupta et al. 2022). 

Science communication and network in “Sustainable Handprints”: Starting with a 
creativity phase in which easily accessible information sources were consulted, a 
basic knowledge foundation of the sustainability topics being researched was cre-
ated. Design Thinking (e.g. Brown 2008) elements, like creating personas, helped 
the students to empathize with different actor perspectives. This turned out to be 
a useful foundation to enable transdisciplinary knowledge transfer. 



J. Bönisch, F. Becker, L. Blömer, S. R. Pandey, B. Prūse, and J. Vollbehr376

Science communication and network in “citizen science and local ecological knowl-
edge”: The tutor opens up the network by connecting students with the authors 
of the articles the students were reading and community members. One way to 
achieve this was through collaboration on a blog post. The course involved an as-
sessment which integrated the needs of researchers from the university as well 
as student interests. Besides providing the potential topics for the students, the 
researchers also joined the reporting session at the end of the course. 

Evaluation in “Sustainable Handprints”: With accompanying ref lections, stu-
dents were bound to self-ref lect their group process and constantly iterate their 
learning objectives. Applying feedback methods regularly made receptive adap- 
tations possible and ensured constant improvement of the common learning pro-
cess. At the end of every project lab semester, evaluation criteria were developed 
with the whole group and students were given the responsibility to grade each 
other’s project presentations. This shift in perspective and power relations be-
tween teacher and learner created an empowering experience for the students. 

Evaluation in “citizen science and local ecological knowledge”: The students were 
given the opportunity to evaluate the course by anonymous feedback as well as 
discuss the teaching methods during the informal coffee break. As acknowledged 
by the students in the evaluation notes, this type of practice in terms of ques-
tion-making helped them understand the method and see a difference in commu-
nicating between academics and non-academic knowledge-keepers. 

In summary, in both initiatives credits in the European Credit Transfer and 
Accumulation System were offered to the students; however, the outcomes of the 
courses went way beyond academic confines. Evaluation as well as the equal im-
portance of informal and formal communication was ref lected in both cases.

Other examples of student-organized teaching activities can be found in 
various regions of the world, e.g. student-led seminars in universities in Europe 
(CEMUS 2023; Duke University School of Law 2023; Utrecht University 2023), or 
the United States (Loyola University 2023; University of California 2023), or stu-
dent-organized symposiums (Boston University 2023). These examples vary in 
terms of disciplinary affiliation – with more examples that are rooted in a cer-
tain discipline and allow students to define content freely but set close boundaries 
in terms of the general framework. The benefits of student-organized teaching, 
the potential for solutions to the pressing problems of our time, and the potential 
emancipatory effects would justify putting more effort into this research.
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Transdisciplinarity

Ulli Vilsmaier, Juliana Merçon, and Esther Meyer

Definition

The term transdisciplinarity has been complementing the landscape of research 
approaches since the 1970s. It joins a steadily growing list of terms that refer to the 
concept of discipline – such as multidisciplinarity, pluridisciplinarity, cross-dis-
ciplinarity, interdisciplinarity, supra-disciplinarity, antidisciplinarity, meta-disci-
plinarity, and post-disciplinarity. Discipline refers to a field of research defined by 
content and institutions (Hacking 2010). It derives from the Old Latin disciplina, 
where it means “instruction, tuition, teaching”, and in a metonymic sense also 

“learning, knowledge, science, discipline” (Lewis and Short 2020). The term dis-
cipline, however, has another, metaphorical meaning that goes back to Christian 
origins. It means to educate, to discipline, and to punish. A discipulus, a discipula, is 
a disciple, a pupil. And an undisciplined person is considered one who does not fit 
into existing orders and follow established rules. This context of meaning occupies 
an important position in the discussion of social orders (Foucault 1970; Horkheimer 
and Adorno 1972). It is of particular importance for the topic of transdisciplinary 
higher education, especially since the research areas designated by the concept of 
discipline are followed by educational organizations. They serve the diffusion and 
reproduction of disciplinary organized expertise in social orders (Nowotny 1999). 
The prefix trans is also taken from Latin, where, in connection with verbs of move-
ment, it refers to going “beyond”, and, in connection with verbs of rest, it means 
lying “beyond” or “on the farther side of” (Lewis and Short 2020, 1097). 

Etymologically, the term transdisciplinarity can thus be read in two ways: 
(1) as a positioning term, denoting lying across or beyond the disciplines; (2) as a 
movement term, describing a movement out of the discipline. These different et-
ymological readings of the term are ref lected in the various discourse streams on 
transdisciplinarity. Transdisciplinary research is conceptualized as complementa-
ry, existing alongside disciplinary, multidisciplinary, and interdisciplinary forms 
of research and as one that not only refers back to to the basic building block of 
modern scientific organization, but does so to change disciplines or – even more 
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comprehensively – the disciplining of science. Verbs such as transcend, transgress, 
and transform are used to characterize transdisciplinarity (Klein 2014). What they 
have in common is that they all carry an element of movement, although different 
paths and goals are addressed. With regard to transdisciplinarity in higher educa-
tion, this etymological distinction is relevant in several respects. It raises questions 
of how educational organizations must be situated and structured within existing 
knowledge orders to be transdisciplinary and how disciplinary knowledge bases 
and research practices matter in teaching and learning transdisciplinarily. 

Background

Taking the concept of discipline as the starting point for the discussion on trans-
disciplinarity ties in with numerous works from philosophy and science studies 
(Bernstein 2015; Osborne 2015). However, these were not the fields in which the 
term was first used, but in the context of an OECD conference that addressed 
issues of education and innovation (Apostel et al. 1972). The emergence of terms, 
however, is not a singular moment; rather, it ref lects conditions that enable cer-
tain forms of thought and practices to appear. By 1970, an intense examination of 
the claims, practices, and organizational forms of science had taken place for a 
long time. And precursors can be identified in both theorizing and research prac-
tice that are written in one way or another in transdisciplinary terms (Osborne 
2015; Streck et al., forthcoming). Conceptual elaborations of transdisciplinarity, 
however, have been a long time coming. In what follows, we elaborate on main 
discourse streams that shaped the conceptual evolvement of transdisciplinarity. 

Mittelstraß (1987) first framed transdisciplinarity as a principle of research in 
the late 1980s. It was intended to serve the overcoming of cognitive boundaries 
through constrictions in the organizational system of science, to become effec-
tive where subject or disciplinary perspectives are too narrow to solve problems. 
Transdisciplinarity is grounded in the critique of the internal organization of sci-
ence and research, but remains oriented to the idea of occidental reason and sci-
entific rationality. In stark contrast, a Charter of Transdisciplinarity was adopted 
in 1994, which is grounded in open rationality and based on a dialogue of epistem-
ic cultures between sciences, philosophies, arts, literature, poetry, and religions 
(Nicolescu 2002). What is considered transdisciplinary is “the semantic and prac-
tical unification of the meanings that traverse and lie beyond different disciplines” 
(Nicolescu 2002, 149) and based on in a specific vision, attitude, ethics, and open 
mindedness. The inclusive logic that underlies this discourse shakes central ax-
ioms of modern science and is oriented toward their transformation.

In the 1990s, the concept of transdisciplinarity is positioned in the formulation 
of a Mode 2 knowledge production. Michael Gibbons and colleagues (1994) dis-
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tinguish between a classical, occidental complex of ideas, methods, values, and 
norms, referred to as Mode 1, which emerged from the search for universally valid 
explanatory principles, and Mode 2, which is produced in the context of concrete 
application. Transdisciplinarity is understood as research that is “grounded in a 
shared axiomatics and permeation of different disciplinary methods of knowl-
edge” and oriented towards the production of socially robust knowledge (Nowot-
ny 1999, 106, own translation). Mode 2 is seen as a response to downsides of Mode 
1 knowledge production – the concealment of historical contingency, strategic 
essentializations through posits such as objectivity, universality, and purity of 
method, the appropriation of the concept of research for a social institution (Gib-
bons et al. 1994) and the associated reinforcement of the “sense[s] of superiority of 
the Western world” (Nowotny 1999, 77, own translation). The authors thus bring 
into the field those critiques of the constitution of occidental-modern science that 
have been developed, among others, in post- and decolonial studies as well as in 
feminist and gender studies. 

The relationship of science to other areas of society is at the center of a dis-
course that is currently unfolding, predominantly in sustainability-related re-
search fields. In the face of highly complex and pressing problems, the question 
of how to do research becomes a question of sustainability in itself. Transdisci-
plinarity is conceptualized as society-oriented research that complements the 
spectrum of research forms. It is realized in cooperation between scientists and 
practitioners. Transdisciplinary research should bridge the growing gap between 
science and the public, promote social learning and negotiation processes, consid-
er scientific and life-world problems as well as abstract and case-specific knowl-
edge in participatory processes, and make knowledge efficiently accessible for 
decision-making (Hirsch Hadorn et al. 2008; Scholz 2011). This is framed in the 
so-called ISOE model of the transdisciplinary research process, elaborated by the 
Institute for Social-Ecological Research (ISOE) (Jahn et al. 2012). It describes the 
integration of life-world and science-centered approaches to problems. Method-
ological approaches to this are introduced in Bergmann et al. (2012) and principles 
and practices by Lang et al. (2012). Transdisciplinarity is understood as a ref lex-
ive, integrative principle oriented towards scientific methods, in which a clear sci-
ence-centeredness is brought to bear.

The search for adequate answers to change, acceleration, spread, and aggra-
vation of problems proves to be a shared motif in the development of transdis-
ciplinarity. While diagnoses of its justification are similar, very different thera-
peutic proposals can be identified. On the one hand, one opts for f lexibilization 
and expansion of the internal organization of science and research, while hold-
ing on to scientific rationality. Here, transdisciplinarity is about overcoming the 
drawing of boundaries within an institutionalized body of scientific knowledge. 
On the other hand, science’s claim to legitimacy as the highest knowledge sys-
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tem is fundamentally questioned and an expansion of participants in knowledge 
production and related decision-making processes is demanded. In consequence, 
boundaries of the scientific system itself are tackled. In research approaches at 
the science–society interface we can observe two fundamentally different ways of 
dealing with epistemic-political questions regarding the value and legitimization 
of different knowledges: An additive understanding of transdisciplinarity is that 
scientific knowledge production is embedded in larger social research constella-
tions, but scientific rationality remains unaffected. An entangled understand-
ing of transdisciplinarity, however, is grounded in an open relationship between 
epistemic cultures that does not grant primacy to any specific form of knowledge 
generation, which raises significant epistemological, methodological, and ethi-
cal–political questions, and opens up a space between institutions and knowledge 
cultures (Merçon 2022; Vilsmaier et al. 2017). 

However, the increasing fanning out of transdisciplinarity discourses by no 
means results solely from the disintegration of established orders and problems to 
be tackled. Technological developments have opened up possibilities for participa-
tion in knowledge production that have led to far-reaching social shifts. Forms and 
actors involved in the production of knowledge have multiplied almost exponential-
ly and mechanisms of justification and legitimation have also changed as a result. 
The concept of knowledge society and debates on the democratization of knowledge 
mark these shifts. For the probing of the discourses on transdisciplinarity, the refer-
ence to socio-technical transformations is significant insofar as it helps to broaden 
the view. The complexes of questions that evolve around transdisciplinarity are by 
no means to be negotiated in purely academic terms. Rather, they represent a task 
for society as a whole. 

Debate and criticism 

Since the 2000s, discourses of transdisciplinarity have proliferated across a broad 
spectrum of research fields. In addition to diversifying in sustainability sciences, 
the subject has become established in multiple fields, such as technology impact 
research, urban, regional, agricultural, and landscape research, medical research 
and epidemiology, architecture and design, gender and justice research, as well as 
in the arts and at the interface between science and art.

A conceptualization of transdisciplinarity that understands the cooperation 
of scientists with non-scientific actors as definitionally constitutive became wide-
spread. Schmidt (2021) observes a domination of “instrumental or strategic view-
points” in discourses of transdisciplinarity and a loss of the critical momentum 
that has been a “cornerstone” when discourses emerged. However, more recent 
works increasingly take up the foreshortening and shadowing of essential episte-
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mological, methodological, and ethical–political questions. Work on power rela-
tions, social and epistemic control, and social justice in transdisciplinary research 
processes is helping to illuminate these blind spots (e.g. Fritz and Meinherz 2020; 
Herberg and Vilsmaier 2020; Kareem et al. 2022). This is also true for conceptual 
and analytical approaches, such as research on methods (e.g. Defila and Di Giulio 
2019; Pereira et al. 2021); quality criteria, impact, and evaluation (e.g. Lux et al. 
2019); and the normative dimension of transdisciplinary research (e.g. Popa et al. 
2015; Rosendahl et al. 2015).

Working on interfaces to related or neighboring research traditions also dy-
namizes the discourse. These include (participatory) action research, intervention 
research, integration and implementation science, science of team science, citi-
zen science, and artistic research, amongst others. Critical engagements with the 
heavily Europeanized concept of transdisciplinarity by researchers from Africa, 
Asia, Oceania, and Latin America also bring to bear limits to the transferability of 
more techno-scientistic approaches to transdisciplinary research (e.g. Van Breda 
and Swilling 2018) and point to the danger that the concept itself could develop 
hegemonic power by displacing (at least discursively) non-Western research tra-
ditions (De Santolo 2018). Culturality, difference, multilingualism – related to 
regional, epistemic, and institutional origins – as well as work on post- and deco-
loniality (De Santolo 2018; Merçon 2022) make a contribution in considering some-
times rather abstract and static assignments, positing in a more differentiated way, 
and unleashing the socio-political and onto-epistemological potential of this form 
of research. 

Interventions from the humanities in those discourses that have developed 
strongly out of transdisciplinary research practice offer particular potential for 
this. They strengthen the linkage of the conceptual unfolding of transdisciplinar-
ity back to larger historical discourse contexts (Osborne 2015). That which is in-
herently transdisciplinary is worked up in the thought of Michel Foucault, Jaques 
Derrida, Michel Serres, Gilles Deleuze, Felix Guattari, and the educational ap-
proach of Paulo Freire (Serna 2016; Vilsmaier et al. 2020), among others. A central 
criticism is the extensive, theoretical underexposure of the concept of the problem 
in transdisciplinary research (Meyer 2020). The constitutive grounding of trans-
disciplinary research in lifeworld problems rests on a drawing of boundaries that 
the research form purports to overcome. These paradoxes point to the modern 
legacy of transdisciplinarity. It is the task at hand to clarify them. However, they 
in no way diminish the importance of testing transdisciplinary forms of research 
and teaching and of exploring new institutional configurations.
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Current forms of implementation in higher education

The discourse of transdisciplinarity took its origin in calls for reforms of the educa-
tional system (Apostel et al. 1972). In this respect, too, the appearance of the term can 
be located in the context of larger social upheavals. With the 1968 movement, reform 
pedagogical approaches experienced a strong upswing, and the learner as a person 
gained importance, as did the experiential and dialogical moment of learning. Since 
then, learning in formal and informal environments and also as a constitutive com-
ponent of research has been processed in the transdisciplinarity discourse: as coop-
erative, mutual, situated, case-based, recursive, circular, and transformative. 

With regard to implementations in higher education, individual-, group-, and 
process-centered approaches can be identified. The focus on the individual as a 

“transdisciplinary subject” requires not only the education of the intellect, accord-
ing to Nicolescu (2002), but also of the emotions and the body. Transdisciplinary 
education – far from being limited to university education – has to be practiced 
as an attitude. Forming a transdisciplinary orientation requires learning envi-
ronments that enable engagement with values, norms, beliefs, conceptual skills, 
and knowledge (Stokols 2014). We find transdisciplinary learning formats in all 
sorts of thematic fields and methodological approaches, ranging from dialogue 
centered Empathetic–Ref lective–Dialogical Restorying in human rights education in 
South Africa (Jarvis 2018) to methodologically complex integrative formats such as 
the Transdisciplinary Case Study Approach (Scholz and Tietje 2002; Stauffacher et al. 
2008), Living Labs (Fam et al. 2018), and the Intercultural Education Approach imple-
mented in Mexico (Merçon and Alatorre Frenk 2019). Conceived as student-based 
research, these can be classified as inquiry-based learning formats (Mieg 2019), 
sharing the focus on societal problems with problem-based learning and the pro-
cess-oriented organizational form with project-based learning approaches. They 
organize team research between students, university teachers, and actors from 
other sectors and enable students to conduct a transdisciplinary research process 
and to practice working in heterogeneous groups. However, the implementation of 
transdisciplinary case studies is dependent on curricular freedom.

This addresses a neuralgic point in the establishment of transdisciplinary 
forms of higher education. If study programs are highly interdisciplinary and 
application-oriented, for example in the sustainability sciences, there are greater 
opportunities and legitimacy for integrating extensive transdisciplinary courses 
into the curricula. In disciplinarily narrower fields of study, conf licts of objectives 
with disciplinary bodies of knowledge and teaching of methods can arise. In ad-
dition, possibilities for creating transdisciplinary learning spaces between study 
programs are often limited by administrative–legal hurdles. The question of in-
stitutionalizing transdisciplinarity in higher education is primarily framed as a 
debate on the right timing. Two diametrically opposed positions confront each 
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other: While some consider a solid disciplinary education indispensable to qualify 
for (inter-) and transdisciplinary research, others see the earliest possible point in 
time as elementary in order to avoid disciplinary constrictions.

There will be no simple answer to the questions raised in this chapter, and, 
above all, no single answer. However, discussions of these issues will always con-
cern knowledge orders and social regimes, values, and power relations and, ul-
timately, worldviews and conceptions of human nature. And these must be held 
in high esteem. Transdisciplinary research, teaching, and learning do not yet 
enjoy widespread approval. So far, they are marginal phenomena and are often 
perceived as competition to existing institutional orders and orientations – and 
an attack on values that have been established over long periods of time in the 
academic world and the social fabric at large. Efforts to implement transdiscipli-
narity in higher education, research, and societal transformation are confronted 
with persistent structures, while at the same time by rapid socio-technical change 
and its ecological, cultural, political, and economic consequences. Careful intro-
spection of transdisciplinary research, teaching, and learning practices, as well as 
work on theoretical and methodological consolidations of transdisciplinarity, will 
help not only to celebrate it as a reinvention, but also to bear consequences – in-
cluding the institutional, identity, and power shifts it entails. Undoubtedly, this is 
an intergenerational endeavor that requires one thing above all: epistemic curios-
ity and a breaking out of a “circle of certainty” (Freire 1996, 21) to critically change 
what exists and creatively engage with what is to come. 
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Transformative Learning

Sadaf Taimur and Katie Ross

Definition

Throughout childhood – based on our families, language, history, culture, school-
ing, and all life experiences – an overarching, complex, and mostly unconscious 
set of beliefs of how the world works are developed. Akin to our own personal phi-
losophy, this entirely unique “worldview” developed over the first two decades of 
life, is comprised of “frames of reference” (or hidden-meaning structures of as-
sumptions) which we consider to be common-sense, unquestionable truths about 
what is good, right, true, and valuable. We view and comprehend our experiences 
through these frames of reference and, consequently, frames of reference shape 
our feelings, perceptions (views), expectations, cognition, and subsequently guide 
our actions (Mezirow 1991).

Sometimes, however, during life, we experience moments and processes that 
highlight our unconscious beliefs and instigate significant and lasting changes in 
our worldview, or more specifically, the “frames of reference” that comprise our 
worldview (Cranton 1994; Mezirow 1991, 1995, 1996, 2000, 2007). After watching 
his wife experience such a dramatic shift in her frames of reference, John Me-
zirow, Professor of Education at Columbia University, coined the term transfor-
mative learning to describe this process of deep learning. Mezirow (2003, 58) de-
fined transformative learning as “learning that transforms problematic frames of 
reference – sets of fixed assumptions and expectations (habits of mind, meaning 
perspectives, mindsets) – to make them more inclusive, discriminating, open, re-
f lective, and emotionally able to change”.

Transformative learning is not a simple process. Humans have the propensity 
to reject perspectives which are not aligned with their own frames of reference and 
consider new perspectives illogical or as aberrations (Kaplan et al. 2016). Hence, a 
disorienting dilemma, which challenges a person’s worldview, is often the catalyst 
for transformative learning. Disorientation happens when someone experiences 
something not yet contained within their “frames of reference”, and hence affects 
them in deep and profound ways. However, ref lection, discourse, and other tran-
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srational meaning-making processes can support people through this disorienta-
tion to shift previous perspectives and assumptions (Cranton 2016; Feller 2015).

These processes – discourse, ref lection, action – describe a type of learning 
where people make their own meaning of an experience and then use this inter-
pretation to guide their actions or decision-making. According to John Mezirow 
(2003), critical ref lection via discourse allows individuals to inquire into their ex-
isting frames of reference, leading to new or revised interpretations of experiences  
that guide our understanding and action. In essence, in transformative learning, 

“meaning” converts into three orders of learning: learning about the world (what), 
learning about their own worldview (why), and insights of how then to act in the 
world (how) (Cranton 2016, 28; Ross 2020). Therefore, transformative learning is 
not only about adding to the existing knowledge base, but it requires being aware 
of one’s own and others’ assumptions or perspectives and subsequently evaluat-
ing their relevance (critically) via ref lection (Mezirow 2000), which may lead to 
expanding their worldview (Taimur and Onuki 2020, 2022). 

Background 

While John Mezirow’s work is foundational to the theory and facilitation of trans-
formative learning, there is a growing ecology of transformative learning theories 
building from other foundational scholars (Stuckey et al. 2013). Other contributors 
to transformative learning theory recognized in adult education literature include 
Paulo Freire, Carl Jung, Laurent Daloz, John Dirkx, and Patricia Cranton, and are 
brief ly summarized here: Paulo Freire’s transformative learning is focused on in-
dividual and social liberation. In his social-emancipatory transformative learning, 
Freire (1970) argues that conscientization, or raising awareness about systemic 
forms of oppression, is key and leads to social liberation. Carl Jung’s (1921) concept 
of transformative learning is grounded in individualization. As a type of psycho-
analytical transformative learning, an individual becomes aware of their own 
processes of formation, differentiation, and different selves operating within the 
psyche for the development of their individual personality (Boyd and Myers 1988). 

According to Laurent Daloz (1986), transformative learning is a process that 
occurs between the cognitive developmental phases when the changing world re-
quires learners to have new meaning structures to make meaning (Dirkx 1998). 
John Dirkx explores how transformative learning occurs through subjective re-
framing or self-ref lection (rather than Mezirow’s focus on objective reframing or 
critical ref lection), using soul and subconscious mind work, to support an evolu-
tion in frames of reference (Dirkx 2008; Dirkx et al. 2006). Patricia Cranton sup-
ported individual transformations while taking the social context of the individ-
uals into account, but the focus of her work was how individuals transform in 
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light of their own personality (Taylor and Tisdell 2020). Collectively, these theories 
illustrate several reasons why transformative learning is an integral part of trans-
disciplinary learning processes. 

Firstly, transformative learning and transdisciplinary learning share an inten-
tion for transformative change. The word transformation appeared in 15th century 
Latin and French, specifically in reference to Christianity and ideas of liberation 
and conversion (Lange 2015). Trans means “beyond or across” and formare means 

“to form”; thus transformation is understood as “undergoing a change in form”. The 
shared assumption of transformation across both learning theories is that change, 
specifically radical change, is beneficial for societal improvement, as compared 
to continuity or custom. Specifically, processes of transdisciplinary learning can 
actively seek transformative outcomes in three ways, including a change in situ-
ation, change in stocks and f lows of knowledge, and transformative learning for 
all involved (Mitchell et al. 2015). The outcomes of transformative learning across 
both learning theories are similar, e.g. ref lection and reconstruction of perspec-
tives, values, and norms (Mitchell et al. 2015; Young and Karme 2015), giving more 
importance to social justice and environmental resources (Moyer et al. 2016), 
transformation of worldview and perspective (Feriver et al. 2016; Papenfuss and 
Merritt 2019; Ross and Mitchell 2018), and experiencing self-awareness (Taimur 
et al. 2022). Both learning theories seek transformative learning via continuous 
learning between internal interpretation, i.e. why, and external action, i.e. how 
(Müller et al. 2005; Ross and Mitchell 2018).

Secondly, transformative learning theory helps explain to educators and stu-
dents alike why transdisciplinary learning is so often challenging for students. 
Students have often unconsciously learned through formal education that learn-
ing happens in a school, is discipline-based, and usually a single right answer is 
to be provided. In contrast, the first experience of a transdisciplinary course chal-
lenges many of these “common sense” learning “frames of references”, e.g. beliefs 
about what learning is, who it is for, and how it is done. Many students can expe-
rience emotional responses to the challenges of their beliefs about what “learning” 
is.  Similarly challenging, in transdisciplinary learning, participants engage with 
other actors in discourse and ref lection to shift their perspectives and establish a 
shared, emergent understanding. Engagement in critical discourse and ref lection 
to shift point of view is an emotionally disturbing process, where learners may feel 
uncomfortable, surprised, tormented, embarrassed, and emotional. Transforma-
tive learning theory guides educators and students on ways to honor, process, and 
use these “disorienting dilemmas” inherent in a transdisciplinary process as part 
of the meaning-making and learning in the experience, towards more inclusive, 
open, and ref lective frames of reference.

Thirdly and more specifically, transdisciplinary learning requires critical eval-
uation of diverse perspectives, which Mezirow’s processes of discourse and criti-
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cal ref lection can effectively support. For example, transdisciplinary learning to 
collaboratively address complex situations can involve a three-step (creative, de-
scriptive, and normative) learning cycle. As a first creative step, each participant 
comes to the table with their own perspectives, knowledge, experiences, purpose, 
and interpretations (represented by pentagons in Figure 1) guided by their world-
view (represented by circles within the pentagons in Figure 1). In the second de-
scriptive step, participants share their internal perspectives in the form of pro-
posed actions. Transformative learning processes allow individuals to be aware of 
their own worldviews and perspectives and be more open to others’ perspectives, 
and hence can support step two. In the third normative step, these actions are 
discussed between the participants, leading to the convergence of viewpoints to 
create new integrated knowledge, concepts, and ideas. In this third step, trans-
formative learning processes engage participants in critical discourse and help 
participants ref lect on all proposed actions to converge towards a new integrated 
intellectual framework to establish a shared understanding between all the actors.

Similarly, many other transdisciplinary learning processes, when collabora-
tively undertaken in shared inquiry and dialogue, can lead to the conditions for 
transformative learning, including those summarized by Ross and Mitchell (2018): 

Figure 1. Three-step transdisciplinary learning cycle and transformative learning 
(adapted from Müller et al. 2005, 202).
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Checkland’s Soft Systems Methodology and its notion of purpose (Checkland and 
Poulter 2010); Meadows’ System Thinking and its notion of intervention points 
(Meadows 1999); Inayatullah’s Causal Layered Analysis and its notion of myths and 
metaphors (Inayatullah 2008); Snowden’s Cynefin model and its notion of com-
plexity  (Snowden and Boone 2007); Kooiman’s meta-governance and its notions 
of values (Kooiman and Jentoft 2009).

Debate and criticism

From the 1990s onwards, Mezirow’s conceptualization of transformative learning 
has changed the way we understand and design adult learning. However, Me-
zirow’s transformative learning theory was not received without criticism. Schol-
ars argued his theory focused too exclusively on individual transformations and 
the rational process of learning while avoiding the social and emotional sides of 
learning (Cranton 2016; Mälkki 2010). In response, Mezirow was receptive, but 
largely retained his original line of thought. The work of Daloz (1986), Dirkx (1998, 
2002), and Cranton (1994, 2016), however, removed discourse as a mandatory con-
dition for transformative learning.

The transformative learning field continues the dialogue of how to engage 
with the emotional side of learning, such as the role of empathizing. Empathizing 
is the ability to subjectively share and experience others’ feelings or psychological 
states (Taylor 2007; Willis 2012), or, in simple words, putting oneself in another’s 
shoes. While Mezirow’s transformative learning theory does not pay much atten-
tion to empathizing, Mezirow has roughly referred to empathizing by using other 
terms as facets critical for transformative learning to occur. For example, having 
an open mind, bracketing or letting go of prejudgments, seeking common ground, 
and listening empathetically (Mezirow 2003).

Other scholars have sought to theorize the role of empathizing much more 
explicitly in transformative learning, for example in dealing with emotions in a 
group setting when going through the critical ref lection phase of the transfor-
mative learning process and subsequently creating a safe and trustworthy space 
for critical discourse and ref lections. Empathizing helps learners to be more open, 
and to identify and understand others’ perspectives, decreasing the likelihood of 
prejudgment and increasing the opportunity to establish shared understanding. 
Research has shown that perspectival transformation increases the ability to em-
pathize with others (Gravett 2004) – which is particularly essential for transdisci-
plinary learning as learners have to be empathetic when considering stakeholders’ 
perspectives and when engaging in discourse and ref lection to establish a shared 
understanding. 
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The ethical dimensions of transformative learning are also debated. Unfortu-
nately, in formal settings (in universities), educators are often instructive, tell-
ing their students what needs to be done rather than nudging learners on a jour-
ney of critical ref lection to instigate transformative learning. According to both 
Mezirow’s work (1991) and subsequent educators like Moore (2005), an educator 
cannot decide on the specific outcome of transformative learning because prede-
termination of outcomes by an educator may lead to coercion, indoctrination, or 
brainwashing, more than transformation. Pluralism of thought should be encour-
aged and discussed instead of concealed. The question needing consideration is: 
can transformative learning be implemented in authoritarian regimes or places 
with radical policies? In authoritarian regimes, the perspectives not aligned to 
the perspectives of the regime are concealed forcefully; therefore, the outcome of 
learning is predetermined. If transformative learning is implemented in such set-
tings, this may lead to brainwashing and oppression through manipulation. The 
learners may be able to think autonomously but not critically – they will only be 
able to think in one direction as diverse perspectives are not provided to them. 
This is not aligned to the basic ethical dimensions of transformative learning, i.e. 
pluralism of thought, autonomous thinking, critical discourse, and ref lection; 
therefore, the outcome cannot be normative. 

Current forms of implementation in higher education 

In both formal and non-formal settings, transformative learning and transdis-
ciplinarity are usually integrated around action-oriented projects, also termed 
problem-based learning (Biberhofer and Rammel 2017; Nielsen 2020; Taimur 
and Onuki 2022; Wynn and Okie 2017). For example, the Sustainability Challenge 
course fostered transformative learning while promoting transdisciplinarity to 
drive sustainable urban development by exposing learners to interdisciplinary 
teamwork, interacting with diverse perspectives from diverse actors, involving 
creative and collaborative problem-solving (problem-based learning). This course 
was conducted under the coordination of the Regional Centre of Expertise on Ed-
ucation for Sustainable Development (RCE), located at Vienna University of Eco-
nomics and Business. Since 2010, the course has been offered as a collaborative 
project between four Viennese universities, which encourages cooperation be-
tween learners, university partners, and practitioners to establish a shared under-
standing of urban development and create solution concepts to respond to these 
challenges (Biberhofer and Rammel 2017). 

In another example, problem-based learning was implemented in the sec-
ondary-level social studies course by preservice teachers at Kennesaw State 
University, in the United States. This course (a) engaged stakeholders to expose 
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learners to multiple truths (ontologies) and introduce the problem from multiple 
perspectives; (b) recognized the conf licting and competing positions; (c) gener-
ated solutions via deliberation on potential outcomes; and (d) guided ref lection 
on types of thinking used by students (Wynn and Okie 2017). Teachers regarded 
problem-based learning as a transformative pedagogy as it allowed the teachers 
to create an environment for open discourse encouraging learners to think dif-
ferently by considering different perspectives and see their relationship with the 
teachers differently (Wynn and Okie 2017). 

Taimur and Onuki (2022) used design thinking, comprised of five stages 
(adapted from Plattner 2010), as a pedagogy to implement transformative learn-
ing in a semester-long university course in Japan and Germany. Both courses 
aimed to deal with sustainability challenges in a specific context (Kashiwa-no-ha, 
Japan, and Hude-Oldenburg, Germany). Throughout the implementation of de-
sign thinking for transformative learning, learners worked in diverse teams and 
consulted with the relevant stakeholders to identify the problem, ideate and pro-
totype solutions, and present the problem with the corresponding solution. In this 
case, design thinking promoted consulting transdisciplinarity by implementing 
transformative learning via design thinking.

In conclusion, educators and students in higher education can co-facilitate 
ethical and supportive transformative learning within transdisciplinary learning. 
To support the undetermined nature of outcomes in transformative and trans-
disciplinary learning, educators must take the role of facilitators instead of being 
instructors. Before facilitating the transformative learning process, educators can 
ref lect on: (1) Is it ethical for me to present my own perspective, which may inf luence 
the learners? (2) Is it ethical to decide which of the learners’ beliefs should be ques-
tioned? (3) Is it ethical to facilitate transformative learning when the results may 
include hopeless or dangerous actions? (Taimur and Onuki 2020, 244). Therefore, 
educators must also ensure that a trusting, comfortable, and safe space is created 
before exposing learners to the transformative learning experience. Educators and 
participants should also discuss the uncomfortable nature of the transformative 
learning process and the role of empathy and compassion when engaging with oth-
ers, which makes learners more mindful of their own behavior in the process. 
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