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Abstract

For achieving a transition towards sustainable development, central importance is attached to 
science and education, and especially higher education. Suitable formats are needed for em-
powering students to perform transformative research. On the basis of transdisciplinary and 
transformative real-world laboratory research and futures studies, we develop encompassing 
learning and teaching module: the Transformative Innovation Lab (til). The lab builds on 
insights into five key competencies and three types of knowledge needed for developing so-
cially robust sustainability innovations. In this paper, the main features of this experiential 
and reflexive format are presented and linked to a handbook for facilitating the lab. Central 
learnings for implementing the format in existing study programmes from two test runs at 
two German universities are shared and discussed. 
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Resumen

Para lograr una transición hacia el desarrollo sostenible son fundamentales la ciencia y la educación, 
especialmente la educación superior. Se necesitan formatos educativos para capacitar a los estudian-
tes en la realización de investigaciones transformadoras. Con base en la investigación transdiscipli-
naria y transformadora en laboratorios del mundo real y estudios del futuro, desarrollamos un 
módulo de aprendizaje y enseñanza integral: el Laboratorio de Innovación Transformadora (lit). 
El laboratorio desarrolla cinco competencias clave y tres tipos de conocimiento necesarios para desa-
rrollar innovaciones en sostenibilidad socialmente robustas. En este artículo se presentan las princi-
pales características de este formato vivencial y reflexivo, además de un manual para facilitar el 
laboratorio. También se comparten y discuten los aprendizajes centrales de la implementación de 
este formato en programas de estudio existentes a partir de dos pruebas realizadas en dos universi-
dades alemanas.
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Introduction
Despite a range of global advancements in transi-
tioning towards a liveable and intact world (un, 
2015c), socio-environmental topics such as poverty, 
inequality, or climate change continue to be press-
ing and all too often growing problems (Steffen, 
Richardson, et al., 2015; Steffen, Broadgate, et al., 
2015). Against this backdrop, the international 
community in 2015 adopted the Agenda 2030 for 
Sustainable Development—a plan for fundamental 
improvement in current and future life-styles and 
the protection of natural resources (un, 2015b).  
For the agenda to be achieved, central importance 
is attached to science and education, and especially 
higher education with its university teaching and 
learning formats (un, 2015a, 2015b; wbgu, 2011). 
An understanding of the complexity, uncertainties, 
trade-offs, and risks associated with local and glob-
al sustainability challenges is considered crucial to 
foster sustainable social development (Leicht et al., 
2018). Education for sustainable development 
(esd) thus focuses on developing the key compe-
tencies that enable individuals to help shape and 

guide societal development processes in a sustain-
able direction.

In the realm of science, such active, normative-ori-
ented approaches and modes have been distinguished 
in transformation research and transformative re-
search by the wbgu (2011). Transformation research 
aims at understanding both causal factors and drivers 
of as well as obstacles to transformation processes in 
order to draw conclusions about future developments 
and how to shape them. The aim of transformative 
research, on the other hand, is to try out sustainabil-
ity solutions in interventions and to learn in the 
course of application (wbgu, 2011, pp. 321 ff.).

In this line of thought, according to Hirsch 
Hadorn et al. (2006) three types of knowledge are 
central to the understanding and design of sustain-
ablity transformations: systems knowledge, target 
knowledge, and transformation knowledge. Sys-
tems knowledge is understood as providing an “ob-
jective” understanding of systemic relationships. 
Target knowledge produces knowlege on desirable 
and hence normative futures. Research on and 
about these two types of knowledge is typically asso-
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ciated with transformation research and is consid-
ered to be descriptive and explanatory. The third 
type, transformation knowledge, extends far into the 
territory of transformative research, where context 
and actor-specific knowledge about possibilities for 
shaping transformation processes that are effective 
in terms of sustainability is tested, developed, and 
applied in collaborative and experimental processes.

Developing and being able to use these types of 
knowledge requires special training. Therefore the 
question arises of how to enable students to perform 
transformative research and become a sustainability 
change agent. In this paper we will propose a step-
by-step learning module that helps students to un-
lock their transformative research potential. We will 
first introduce the conceptual foundations of the 
module and describe the state-of-the-art of transfor-
mative, transdisciplinary and real-world laboratory 
research as well as futures studies. We will then draw 
on a framework of key competencies for shaping sus-
tainability. From there, the format of the Transfor-
mative Innovation Lab (til) is derived and presented. 
Insights into and learnings from two test runs of the 
format are given. We will close with a critical discus-
sion and open questions on teaching transformative 
and transdisciplinary research in higher education.

Transformative and transdisciplinary research 
approaches 
The question of how science can contribute to sur-
mounting the global challenges described is a leitmo-
tif of sustainability research and has led to a profound 
reflection process within the scientific community, 
especially since the 1990s. Building on action re-
search, solution-oriented and interventional research 
designs were discussed and developed in what is 
known as Mode-2 research (Gibbons et al., 1994; 
Nowotny et al., 2001; Schneidewind et al., 2016). 
Transdisciplinary research (tdr) has been developed 
as a fruitful mode to tackle sustainability issues (e.g. 
Hirsch Hadorn et al., 2008; Lang et al., 2012; Scholz 
& Steiner, 2015; Thompson Klein, 2004) and essen-
tially encompasses three characteristics:

•	 tdr addresses problems relevant to society, 
•	 enables shared learning processes and inte-

grates knowledge from scientists in different 
disciplines and notably also from outside the 
scientific community, and 

•	 aims to produce solution-oriented, socially ro-
bust knowledge that can be transferred both 
into society and into science. 

The ideal-typical model of tdr based on Lang et al. 
(2012) proposes three phases. The first phase pri-
marily serves the purpose of specifying and framing 
a shared understanding of a problem and building a 
suitable project team. The aim of the second phase 
is to integrate different bodies of knowledge in order 
to co-create solution-oriented, transferable knowl-
edge. The final phase is about reintegrating and ap-
plying the knowledge integrated in the research 
process. This two-dimensional reintegration trans-
fers the knowledge back to the scientific communi-
ty and to societal practice.

Real-world laboratories as a setting for 
transdisciplinary and transformative sustainability 
research 
In the last years, new experimental and contextual-
ized research approaches have taken hold, trying to 
push innovation for sustainable development (Berk-
hout et al., 2010; Bulkeley & Castán Broto, 2013; 
Fuenfschilling et al., 2019; Nevens et al., 2013). 
The framing of such real-world experimentation as 
real-world laboratories is the most elaborated variant 
when it comes to adopting the history and process 
qualities of tdr (Bergmann et al., 2021; Schäpke 
et al., 2018; Wanner et al., 2018).

Real-world laboratories systematically connect 
transdisciplinarity and transformation research, and 
mark the intersection between transformation re-
search and transformative research. The focus of real- 
world laboratories is on experimentation, which 
implies the application of knowledge and cyclic 
learning on the basis of that knowledge in the course 
of the research process (see Fig. 1). 
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Figure 1
Concept for a transdisciplinary and transformative real-world lab process  

focused on learning from experiment.

The chart shows the ideal-typical process of a re-
al-world lab with the phases co-design, co-produc-
tion, and co-evaluation. This process logic guided 
the conceptualisation of the learning phases in the 
Transformative Innovation Lab (see Fig. 1).

In this process, real-world laboratories follow an 
approach of transdisciplinary collaboration between 
scientists and (local) practitioners, integrating differ-
ent forms of knowledge and jointly organised partic-
ipation and learning projects, including in the form 
of exploratory learning. Research in real-world lab-
oratories mainly takes place in context. The process 
also enables ongoing (self-)reflection and evaluation 
in order to repeatedly challenge the research process-

es, adapt to new conditions, and spark innovations. 
Real-world labs are therefore education settings for 
transformatively oriented, transdisciplinary sustain-
ability research. They thus broaden the previous cus-
tomary focus of tdr processes, which is mainly on 
integrating and synthesising knowledge for potential 
application.

Futures studies: a related research area 
Futures studies aims at creating orientational 
knowledge, which is closely linked to target and 
transformation knowledge (Grunwald, 2014) as 
well as to the Mode-2 science. Futures studies con-
siders multiple futures, inviting the discussion of 
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uncertainties and surprises. This also opens up other 
possibilities of deliberative decision-making for re-
al-world experiments and sustainability decisions 
(regarding deliberation see, for example, Kowarsch 
et al., 2016).

The field of futures studies offers several ap-
proaches and methods that support transformative 
sustainability research. First, the generation of tar-
get and transformation knowledge can be fostered 
through both exploratory approaches (e.g. scenario 
techniques) and normative approaches (e.g. back-
casting). Second, approaches that focus on shaping 
change processes such as, among others, the futures 
action model (Ramos, 2017) and experiential fore-
sight, can provide, for example, ideas for real-world 
experiments and interventions that aim to make 
possible or attain other futures and have strong 
connections with participative formats and action 
research. Third, approaches from the area of futures 
literacy support the training of anticipatory compe-
tence, i.e. the ability to conceive of futures as sha-
peable, understand the influence that conceptions 
of the future have on the present, and actively en-
gage in working with futures.

Transformative competencies for promoting 
sustainable development 
Education for sustainable development (esd) aims at 
promoting sustainable development in society while 
playing a vital role in international programmes and 
calls for action, the latest being Education for 
Sustainable Development: Towards Achieving the 
SDGs (esd for 2030) (Unesco, 2019).

A main necessary feature of esd is to equip 
students with key competencies enabling them to 
contribute to sustainable development as change 
agents. In a review of teaching and learning ap-
proaches in academic sustainability education, 
Wiek et al. (2011) identified five key competencies 
that enable students to understand and shape sus-
tainability and transformation processes. Those are: 
1) strategic competence, 2) systems thinking com-
petence, 3) anticipatory competence, 4) normative 
competence, and 5) interpersonal competence.

The key competencies were instructive in de-
signing the educational components of the Trans-
formative Innovation Lab, presented next.

The Transformative Innovation Lab (til)
The format of the Transformative Innovation Lab 
(til) aims to integrate the transformative and trans-
disciplinary real-world laboratory approach into 
higher education. The labs operate at the intersection 
between experimental innovation mode and trans-
formative learning for sustainable development. The 
objective is to create real-world learning spaces, inte-
grated into existing curricula, which both enable 
analysis of change processes from a systemic transfor-
mation perspective and promote the development of 
key competencies for their strategic design and im-
plementation through experimentation.

The core of the til concept is the integration of 
theoretical/methodological knowledge, experience, 
and reflection: in a til, students learn about the 
thematic complexes of sustainability and transform- 
ative research and are encouraged to specifically ad-
dress systems, target, and transformation knowl-
edge in the course of a self-selected project. This is 
addressed by exploring methodological perspectives 
of transformative, transdisciplinary, and futures re-
search. Designing and carrying out a (small-scale) 
mentored transformative research project of their 
own provides students with an opportunity to apply 
theory and gain hands-on experience. This give-
and-take between theory and practice not only en-
hances students’ learning experience, but also 
enables them to take a critical view of their own 
abilities and skills, and of the transformational in-
fluence of their own actions. 

til design and process: transformative research within 
existing education formats 
Rather than developing new educational paths and 
qualifications, the til is designed to integrate trans-
formative research into the learning environment of 
existing study programmes. Working individually 
or in small teams, students are mentored at each 
step of the way by peers and lecturers. The til also 
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Figure 2
Integrated schematic of an ideal-typical til.  

The individual phases of the til are shown in the coloured circles at the centre. In the grey-coloured background, the event formats  
are shown as they are deployed over the course of the project. With regard to methodology, the transformative research phases  

are outlined in the upper bar, while the lower bar shows the chronological sequence, broken down by parts of the academic year.

A til is designed to take place in the last two semes-
ters of a master’s degree programme. The duration 
of a til can be adapted, however, to students’ prior 
knowledge, any existing research involvement, and, 
in particular, the complexity of the envisaged proj-
ects and whether they are intended for use in a mas-
ter’s thesis.

In the first semester of the til, the focus lies  
on teaching theoretical, and methodological basic 
knowledge, with students starting a research project 
and, in parallel, co-designing it together with prac-
titioners. Depending on the study programme and 
examination requirements, interim results during 
this phase can take the form of a project report, a 
portfolio or an exposé for a master’s thesis. In the 
second semester, the main focus is on implementa-
tion (co-production) and co-evaluation, for exam-
ple as part of a master’s thesis. At the end of the 
second semester, students round off the til by com-
pleting their project assignment. 

til formats: giving change agents the skills and 
abilities they need 
By conducting real-world experiments in collabora-
tion with practitioners, students contribute directly 
to the initiation of change processes in society and 
promote the experimental operationalisation of 
knowledge on sustainable development in a practi-
cal, hands-on way. Rather than perceiving them as 
competitors, stakeholders often see students as chal-
lenging, dynamic actors (Larsson & Holmberg, 
2018). This enables a sphere of trust to be built, 
paving the way for sustainability innovation. 

A til entails various formats to combine 1) re-
flection on individual abilities, motivation, and 
emotions with 2) the acquisition of the method-
ological and theoretical knowledge needed to carry 
out a research project and 3) the scope for imple-
mentation and experimentation. The chosen for-
mats offer part-virtual, part-real-world settings and 
a fruitful interplay between the synchronous and 
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asynchronous phases of the teaching and learning 
process. This happens in a mix of inputs (from ed-
ucators and guest practitioners), excursions (e.g. 
visits to current real-world labs), time for students’ 
own projects, guided exercises, reflection sessions, 
and experience reports from students. Group ele-
ments play an important role in creating a trusted 
space in which to experiment, reflect and learn, fos-
ter exchange, and, where appropriate, form teams to 
work on research projects. 

Key components of the Transformative Innova-
tion Lab (til)

•	 A kick-off retreat over several days at a non-uni-
versity learning venue marks the beginning of 
the journey.

•	 Over the course of the til programme, ex-
change sessions are held on topics matched to 
where the students are in the process, both as 
in-person events and as online formats. 

•	 The reflection seminar at the transition from 
design to implementation is aimed at present-
ing the individual learning process on the way 
to becoming a sustainability change agent and 
critically questioning that process. 

•	 The concluding seminar marks the comple-
tion of the til programme with the graduates 
(publicly) presenting their research projects, 
ideally with their practitioner partners, and a 
joint celebration. This also provides an oppor-
tunity for experience-sharing both between 
til cohorts and between pioneer practitioners 
and policymakers. 

In addition to these shared events, students are con-
tinuously mentored throughout the til programme. 
Mentoring includes: 

•	 Peer learning. During the kick-off event, stu-
dents form teams/tandems to support each oth-
er in a self-organised way for the duration of the 
lab and also learn from one another through 
mutual exchange. Regular exchange and mutual 

feedback with the group as a whole is an integral 
component of the lab and is made possible 
through the use of online communication chan-
nels and messenger apps.

•	 Regular colloquia provide students with a plat-
form to present topics and progress made in 
their research projects or master’s theses, and to 
resolve both subject-specific and formal issues. 

•	 In addition, individual tutoring formats are 
offered during the course of the lab to provide 
mentoring during research projects and mas-
ter’s theses and foster interdisciplinary ex-
change. Ideally, such formats are already 
provided for in the study programme modules 
into which a til is to be integrated. 

•	 Detailed didactic information on how to con-
duct each step of the til with special focus on 
understanding the research context, learning 
objectives, and options for academic imple-
mentation are given in the til handbook 
(Wanner et al., 2020) which can be downloaded 
for free. The project homepage offers material 
lists and further hints.1

Learnings from piloting the til
In order to put the til to test, the model was pilot-
ed at two German universities in two cohorts be-
tween 2018 and 2020. Through this test it was 
possible to refine the format and come to grips with 
its challenges. The following is the result of practical 
experience gained when implementing and com-
pleting the til. More details on the learnings can be 
found in the handbook as well.

How can a til be integrated into a study 
programme? 

Study programme selection. Suitable study pro-
grammes for a til should ideally be linked to or al-
ready address sustainable development goals and 
paths and the role that research plays in change pro-
cesses. A basic repertoire of research methodologies 
which students can use in their research projects is 
essential. To grade the master’s thesis and exam-
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inable components, sufficient basic knowledge of 
experimental approaches of this type is needed on 
the part of the educators. 

Implementing a til in suitable existing study pro-
gramme modules.  Existing modules of a study 
programme should be reviewed in terms of content, 
structure, and examination formats to find a suitable 
space to integrate the til. Project-based seminars, 
hands-on formats, and master’s formats can easily be 
combined with a til. The duration of the underly-
ing module should ideally cover two semesters. The 
til can be easily combined with a wide range of ex-
amination requirements, especially with presenta-
tions, essays, portfolios, (practice) reports, and oral 
exams. The examination should value the open 
learning experience and the practical approach. 
Consequently, written exams are less well-suited. 

Start early when planning a til. It is advisable  
to start planning early (at least one-and-a-half se-
mesters in advance) because universities vary greatly 
in terms of flexibility with regard to formal and in-
formal requirements.

Keeping an eye on semester schedules  and semes-
ter timetables. With its two semester layout it is 
important to ensure that the module neither disrupts 
the ideal-typical lab process nor prevents the study 
programme from being completed within the stan-
dard period of study. 

Determine a manageable group size  for partici-
pation in the til. A til requires intensive mentor-
ing of students. The recommended maximum of 
students per teacher is 10 to 15. If a master’s thesis 
is chosen as the final outcome, the group must be 
smaller.

Find suitable contact partners and collaborators  
and join various networks. It can make sense to 
find out who in the dean’s office can help in the 
design of a seminar and a module for the til. The 
examinations office is also an important touch 

point with regard to exam regulations. Universi-
ty-based research projects involving practitioners 
and local stakeholders provide a good infrastructure 
that should not go unused. In this way, additional 
resources can be utilised and practical projects can 
be academically supported and evaluated.

Advertising the til programme and its selection 
process. To recruit interested and motivated stu-
dents it proved useful to make use of an application 
process that allows students to submit an (informal) 
motivation letter. This simplifies lab planning be-
cause it enables an assessment to be made of stu-
dents’ interests, their prior knowledge, and their 
expectations. 

Tips and tricks for til implementation: take-
aways from sessions 

Create a common knowledge base. At the begin-
ning of the lab, theoretical inputs on transformative 
sustainability research and on the ideal-typical 
course of a real-world lab are essential. Experts, 
both researchers and practitioners, should be invit-
ed. Developing a common understanding of spe-
cialist terms and methodologies is time-intensive 
but important. Excursions serve as sources of inspi-
ration and in gathering project ideas. 

Peer learning for more give and take. It is advis-
able to have peer learning teams form on a volun-
tary basis and/or to allow team constellations to be 
changed as part of the process. 

Session design: variety and flexibility. It is im-
portant to establish a mix of input, self-experience, 
time for reflection, and also for fun, joint activities 
and group elements (e.g. warm-ups, self-organised 
evening events, sports, and meditation sessions). 
Alternative approaches such as dialogue walks, room 
for reflection and idea generation should also be 
accommodated. Games such as The World’s Future2 
simulation enable abstract topics to be addressed and 
help to illustrate them. Action-oriented approaches 
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such as a project-related fast-forward session assist 
students in transferring ideal-typical processes to 
their project work. Speed-talk sessions are an easy 
way for students to report on their current state of 
progress. 

Understanding roles and research ethics. Reflect-
ing on one’s own role(s) in the (transformative) re-
search process and also on the ethical dimensions of 
one’s own (research) activities is essential and re-
quires space. Many participants report that it is dif-
ficult to avoid falling into a one-sided service 
delivery role lacking any personal research interest 
or the traditional “objective” analysing role or the 
role of an activist. 

Personal development and expectation manage-
ment. The transformative research process involves 
stress-inducing challenges in dealing with the vari-
ous actors involved. High expectations contrast 
with what interventions are feasible. Realistic goal- 
setting is key. Students should be encouraged to 
think smaller rather than bigger so as to help them 
to cope with uncertainty. A trusting atmosphere 
within the group helps students share ideas. It was 
found to be very helpful to provide input and indi-
vidual exercises on emotional coping techniques. 

Discussion and outlook
With this article, we aim to make a useful and effec-
tive contribution to embedding the teaching of trans-
disciplinary and transformative research more firmly 
in higher education. Achieving the sustainable devel-
opment goals–while avoiding solutionism, overreach, 
and quick fixes–calls for reflective and responsible 
applied research formats. As these are methodologi-
cally and ethically demanding in their application, it 
is all the more important to provide prudent and 
broad-based mentoring for learning processes. 

Like every project, the til has been subject to a 
range of limitations and a number of issues have arisen 
that need to be addressed in more detail going for-
ward. These include, for example, academically co-
herent integration of additional study programmes 
and empirically sound measurement of students’ 
skills development over the course of the til. It is also 
important to analyse the success factors in and the 
obstacles to researcher-practitioner collaboration and 
gain a more differentiated view of their differing roles. 
Also in its infancy is the retrospective assessment of 
how such real-world labs impact and affect personal 
development, the scientific debate, and the promo-
tion of sustainable practices. Formats for transdisci-
plinary and transformative research and teaching 
must prove their value on all three counts. 
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