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Pledge for a Transformative Science 
“Transformative science“ is a concept that delineates the new role of science for knowledge societies in 
the age of reflexive modernity. The paper develops the program of a transformative science, which goes 
beyond observing and analyzing societal transformations, but rather takes an active role in initiating 
and catalyzing change processes. The aim of transformative science is to achieve a deeper 
understanding of ongoing transformations and increased societal capacity for reflexivity with regard to 
these fundamental change processes. The concept of transformative science is grounded in an 
experimental paradigm, which has implications for (1) research, (2) education and learning, and (3) 
institutional structures and change in the science system. The article develops the theoretical 
foundations of the concept of transformative science and spells out the concrete implications in these 
three dimensions. 
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1 What is the new role of science in an age of reflexive 
 modernity?  
The relationship between science and society has changed fundamentally in modern knowledge 
societies over the past decades. The functional differentiation of modern societies (Giddens 1984; Beck 
1986) into highly specialized, autonomous sub-systems, each characterized by a specific logic, routines 
and codes, has been the basis for enormous increases in effectiveness and efficiency of affluent 
societies. At the same time, this process has resulted in a system where its various sub-systems are 
more and more isolated from each other. Technological development, especially in the field of 
information and communication technologies, has further increased disembedding mechanisms 
(Giddens 1996, 37) where, for instance, different groups of actors can coordinate their relationships and 
actions independent of spatial proximity.  

Processes of social disembedding in modern societies have an impact on individual patterns of 
perception as well as political and institutional negotiation processes. This development has been 
catalyzed by technological innovations that have been the result of scientific knowledge-production. 
Especially critical are those types of technological innovations that deeply interfere with natural and 
human systems (Grunwald 2008) and produce unintended and often irreversible ecological and social 
side effects (Beck 1986). Long-standing research in the field of technological impact assessment as well 
as the more recent emergence of Responsible Research and Innovation (RRI) (von Schomberg 2011; 
Guston et al. 2014) show that the development of controversial technologies (e.g. nanotechnology or 
GeoEngineering) should be accompanied by reflection and discursive deliberation, involving different 
societal stakeholders, of advantages and disadvantages, potential and risks of a specific technology. 
Many modern technologies that have been developed primarily by scientists have been an important 
element in the depletion of natural resources and allowed us to exceed planetary boundaries 
(Rockström et al. 2009; Steffen et al. 2015). The example of man-made climate change as a “super 
wicked problem” (Levin et al. 2012)  shows that humanity in the anthropocene (Crutzen 2002) is not 
only facing the challenge of reducing environmental risks, but much rather has to find a way of dealing 
with interdependent social-ecological transformation processes and learn how to organize societal 
systems differently.  

Scientific knowledge production can thus be understood as an exploratory search process in complex 
systems characterized by uncertainty and unpredictable dynamics. Already in 1993, Funtowicz and 
Ravetz coined the term post-normal science, which accounts for systemic uncertainty by integrating 
different and often conflicting interests and interest groups in an “extended peer community” (1993, p. 
752). Similarly, approaches of a mode-2 science (Gibbons 1999; Nowotny et al. 2001; Nowotny 2003) 
build on the assumption that in modern knowledge societies, knowledge is produced by a variety of 
actors in different settings. It is argued that a “re-contextualization” of science (Rip 2011, p. 5) is needed 
in order to adequately deal with the complexities of knowledge production in the age of reflexive 
modernity. 

The idea of a reflexive modernity (Beck et al. 1996) can be linked to a new understanding of the role of 
science: Science in the age of reflexive modernity is an institutionalized sub-system of society whose 
task it is to analyze societal dynamics and challenges, while at the same time builds on a normative 
demand for proactively dealing with these challenges and contributing to a more sustainable 
development (Reid et al. 2010). In order to increase reflexivity in dealing with great societal challenges 
and to re-integrate societal sub-systems, science needs to transcend its descriptive analytical functions 
and cooperate with non-academic actors to achieve shared, normative goals. 
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1.1 Innovation, Participation and Balancing Power 
The idea of transformative science builds on these observations and describes a concept of science that 
is not just another highly specialized sub-system of society, but rather a societal institution that can 
counter the dysfunctional effects of increasing differentiation and dis-embedding 
(Schneidewind/Singer-Brodowski 2014, p. 92 f.). Four inherent societal functions of the science system 
play a role in this respect: (1) increasing reflexivity in societal processes, (2) broadening the solution 
space and scope for action through social and technological innovations, (3) strengthening 
participation and self-organization in modern societies, (4) facilitating processes of balancing societal 
power structures through the legitimizing force of evidence-based arguments. 

 

 

Fig. 1: How science contributes to institutional stabilization in an age of reflexive modernity 
(Schneidewind/Singer-Brodowski 2014, 93 based on Minsch et al. 1998) 

 

(1) Reflexivity 

Reflexivity is the key concept in Beck’s and Giddens’ analyses of modern knowledge societies: societies 
in an age of reflexive modernity are continually learning societies. Individual control as well as 
collective governance is based on scientifically sound and evidence-based arguments. The meaning and 
societal relevance of science is thus closely tied to its reflexive capacities. Popa et al. define reflexivity in 
modern societies as a “collective process of problem framing and problem solving through joint 
experimentation and social learning that directly involve the scientific and extra-scientific expertise” 
(2014, p. 45). Science can thus be an enabler of collective social learning processes. 

(2) Participation 

A direct link can then be established with the participative function of science in society. Science can 
catalyze social learning processes especially where societal actors are integrated in research and 
knowledge production processes early on. Participation can take the form of “co-design”, i.e. joint 
framing of research questions and development of research designs, as well as “co-production”, i.e. joint 
knowledge production (Mauser et al. 2013, Grunwald 2013). Examples of “co-design” can be found at 
the European level, for instance, in the 8th EU Framework Programme for Research and Innovation, 
which explicitly supports and facilitates civil society participation in science (e.g. Engage 2020 2014, 
Thomas 2015, Wehling 2012, Frickel 2010). This includes not only participation in the research process 
as such (e.g. in transdisciplinary sustainability research, see below), but also participation of citizens in 
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research agenda setting processes, in academic boards and committees or in project-based education 
programs.1 

Approaches of “co-production” have been developed more systematically in the international field of 
sustainability science as part of its programmatic demand for problem orientation and stakeholder 
participation in research (Kates et al. 2001; Clark and Dickson 2003, 8059; Clark 2007; Miller 2012). In 
the field of transdisciplinary research, integrated methodologies and well-established sets of concrete 
methods have been developed for the participation of non-academic stakeholders and the integration of 
different forms of knowledge (Scholz and Tietje 2002, Jahn et al. 2012; Lang et al. 2012).  

(3) Innovation 

By producing knowledge and innovations, science can generate new options, increase the scope of 
societal action and open up previously unthought of solution spaces. The plea for a more explicit focus 
on solutions in the field of transdisciplinary sustainability science (Sarewitz et al. 2012; Wiek et al. 
2012; Miller et al. 2014; Popa et al. 2015; Wiek and Lang 2016) is exactly about increasing the scope of 
action in dealing with unintended environmental and social side effects. This is not limited to 
technological innovations as the result of research in the natural sciences and engineering, but explicitly 
includes scientifically grounded social and institutional innovations (Howald/ Schwarz 2010). 

(4) Balancing Power 

Processes of societal transformation are inherently political, they involve power struggles and raise 
questions of fairness and social equity (for a discussion of the role of power in transitions, see Avelino 
2011, Partzsch 2015). By increasing reflexivity, facilitating participation and the search for innovative 
solutions, science can help re-balance power in society. Power asymmetries benefitting established 
actors in politics, science and society can be shifted by strengthening niche actors through new forms of 
participation, by increasing the scope for action in relevant societal fields and by increasing reflexivity 
with regard to existing technologies and (political) strategies. 

2 Conceptualizing Transformative Science  
Through a combination of these functions, science can develop a significant transformative capacity in 
the age of reflexive modernity. We can therefore speak of transformative science, which is defined as: 

a specific type of science that does not only observe and describe societal transformation processes, but 
rather initiates and catalyzes them. Transformative science aims to improve our understanding of 
transformation processes and to simultaneously increase societal capacity to reflect on them. 

This definition – and ambition2 – of the concept of transformative science has a number of implications 
with regard to (1) research and knowledge production, (2) education and teaching; and (3) institutional 
change of the science system. By including these three dimensions, the program of a transformative 

––– 
1 http://www.consider-project.eu/home 
2 The ambitious demands of a transformative science (Schneidewind and Singer-Brodowski 2014) have stimulated a 
controversial debate especially within the German science system (Strohschneider 2014; Grunwald 2015; Schneidewind 
2015; von Wissel 2015). The concept of transformative science has been criticized for blurring the boundaries between 
science and society (Strohschneider) through instrumentalization by non-academic interest groups that are not democratically 
elected, a non-scientific focus on solutions (“solutionism“) and an undue exaggeration of the role of science (“hypertrophy“) 
(Strohschneider 2014). This debate clearly shows what the major obstacles for mainstreaming transformative science are. It 
seems questionable, whether the self-organizing capabilities of the science system will alone be effective in redirecting this 
autonomous sub-system towards greater societal responsibility (Glerup and Horst 2014). 
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science extends beyond approaches of transdisciplinary research that have been developed over the past 
20 years (while building on their epistemological and methodological foundations).  

 

 

 
Figure 2: Three dimensions of a transformative science (Source: Own illustration). 

A major difference is that the concept of transformative science shifts the focus beyond the societal 
impact of specific technologies or transdisciplinary projects and towards a more systematic 
understanding of the transformative impact of science in and on society. Transformative science 
engages in an active dialogue with societal stakeholders and accepts the challenge that comes with this 
by explicitly questioning and reflecting its own implicit assumptions. This presents a fundamentally 
new challenge of systemic change within the organizations responsible for the production of knowledge 
(Dedeuderwaerde 2013, König 2015).  

Beyond the sphere of traditional scientific institutions, transformative science also takes a key role in 
establishing creative laboratories and room for experiments in a broader societal context. 
Transformative science thus integrates approaches of transformative research and transformative 
education to initiate change in key areas of activity of scientific institutions as well as a focus on 
institutional change in the science system as a central sub-system within modern societies (see Fig. 2). 
The following sections will focus on all three dimensions in detail. 

2.1 Transformative Research – Co-Design and Co-Production in 
 Transdisciplinary Processes 
Transformative research is a new research approach. Its potential and limitations still need to be 
defined and methodological challenges have to be addressed. In the German-speaking countries 
Germany, Austria and Switzerland a broad conceptualization of transformative research has been 
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about “Responsible Research and Innovation”. 

So, what does transformative research imply with regard to concepts and methods? As a first building 
block approaches of transdisciplinary research can be referred to (Jahn et al. 2012; Lang et al. 2012; 
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intervention that aims at catalyzing societal change processes. The German Advisory Council on Global 
Change describes this active intervention of science as follows: 

‘Transformative research supports transformation processes in practical terms through the 
development of solutions and technical and social innovations, including diffusion processes in 
economy and society, and opportunities for their acceleration, and demands, at least in part, systemic 
perspectives and inter as well as transdisciplinary procedure methods, including stakeholder 
participation.’ (WBGU 2011, 351) 

Transformative research aims at paradigmatic change and adopts a normative position. It is oriented 
towards a more sustainable society and wants to contribute actively to the transformation processes 
needed to achieve this goal. Sustainable development is in this context understood as an extension of 
universal human rights and thus amounts to a human-oriented civilization project. Following such a 
normative orientation, transformative research can be positioned as part of the field of sustainability 
science, which is growing continuously since around the year 2000 (Kates et al. 2001; Clark and 
Dickson 2003; Clark 2007; Jerneck et al. 2011; Miller 2012; Brandt et al. 2013). Within the field of 
(transdisciplinary) sustainability science, different approaches can be distinguished (Popa et al. 2015, 
49 et seq; Wiek and Lang 2016). Among these, transformative research can be characterized as an 
approach that focuses more explicitly on societal impact (rather than academic observation) and on 
societal deliberation processes between scientists and non-academic stakeholders (rather than 
integrating different types of knowledge). From an epistemological point of view, transformative 
research can be related to the tradition of pragmatism, where the strict separation of knowledge and 
experience disappears (Dewey 2000, 343-361).  

A similar debate is currently taking place at the European level. The concept of “Responsible Research 
and Innovation” (RRI) in this context describes a research paradigm that focuses on anticipating the 
potential societal impact of research, on the development of co-design and co-production in research 
designs, and on facilitating innovation and sustainable development. Societal actors, including 
scientists, citizens, politicians and businesses, should collaborate in research and innovation processes, 
to better ensure that results meet the expectations, needs and values of society (Glerup and Horst 
2014). The RRI concept assumes a partnership between science and society, which allows science to 
fulfill its tasks responsibly and legitimized by society (Guston et al. 2014). Similarly, transformative 
research also builds on the ideal of a cooperative relationship between science and society. In contrast 
to RRI, transformative research does not only explore options of radical change towards sustainability, 
it additionally contributes to processes of initiating, steering and increasing reflexivity in societal 
transformations. 

A very different understanding, as compared to the European discourse, of transformative research has 
been adopted by the US National Science Foundation: 

“Transformative research is research driven by ideas that stand a reasonable 
chance of radically changing our understanding of an important existing 
scientific concept or leading to the creation of a new paradigm or field of 
science. Such research also is characterized by its challenge to current 
understanding or its pathway to new frontiers.” (NSF, 2007, p. 10).  

According to this definition, transformative research is about an inner-academic paradigm change 
(Kuhn 1962) and the emergence of new epistemic communities or “thought collectives” (Fleck 1980). 
Such a narrow conceptualization of transformative research is only to a very limited extent suitable for 
discussing the unintended side effects produced by the science system in an age of reflexive modernity. 
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From a methodological point of view, transformative research builds on the experimental turn in the 
social sciences (Morton and Williams 2010; Overdest et al. 2010) and makes use of a broad repertoire 
of research approaches, which focus on joint learning and experimenting of scientists and lay persons, 
such as transdisciplinary case studies (Scholz and Tietje 2002; Scholz et al. 2006; Stauffacher et al. 
2006), participative action research (Greenwood and Levin 2007; Reason and Bradbury 2008, 
Wittmayer and  Schäpke 2014), intervention research (Rothman and Thomas 1994, Fraser et al. 2009; 
Krainer and Lerchster 2012) or transition research (Schot and Geels 2008; Berkhout et al. 2010; van 
den Bosch and Rotmans 2008) (For an overview of the different research approaches, see Table 1).  

 

Approach Characteristics Authors 
Transdisciplinary 
case studies 

Transdisciplinary case studies are well-established in 
sustainability science and are used to study real-world 
phenomena in context, especially where the boundaries 
between studied phenomenon and context cannot easily be 
drawn. Research questions are usually questions of “why” and 
“how” and data is generated through triangulation of 
methods. Since many sustainability problems are complex, 
characterized by uncertainty and involving many 
stakeholders, case studies can help integrate various types of 
relevant knowledge and facilitate the generation of socially 
robust knowledge. 

Scholz and Tietje 
2002; Scholz et al. 
2006; Stauffacher  et 
al. 2006, Kyburz-
Graber 2016; Yin 
2003; Stake 2005 

Transdisciplinary 
research 

Transdisciplinary research is reflexive, integrative, method-
driven research with a focus on solving societal problems as 
well as scientific questions. Different types of scientific and 
non-academic knowledge are distinguished and methods are 
being developed for integrating these different types of 
knowledge. 

Bergmann et al. 2010; 
Lang et al. 2012; Jahn 
et al. 2012; Defila and 
DiGiulio 1999 

Action research The tradition of action research goes back to the work of 
social-psychologist Kurt Lewin during the 1940s and has been 
applied in various disciplines (political science, urban and 
regional development studies, educational research, 
organization studies). Action research has emerged as a 
critique of the experimental social-psychological methods 
dominant at that time, which assumed scientists as experts, 
neutral and distant observers of lay persons as mere objects 
of study. Action research emphasizes cooperation and 
collaboration between scientists and lay persons as a way of 
generating socially relevant and applicable knowledge as well 
as new social relations and change in the field of study. 

Greenwood and 
Lewin 2007, Reason 
and Bradbury 2008; 
Wittmayer and  
Schäpke 2014, Wals 
1994 
 

Intervention 
research 
 

The aim of intervention research is to initiate – through 
doing research – individual reflection and learning, which 
eventually leads to collective reflexivity and enlightenment. 
Social learning processes in practice are the key focus of 
intervention research and learning is the result of permanent 
reflection in a dialogue with scientists, rather than through 
adopting scientific knowledge provided by scientists. 

Fraser et al. 2009; 
Rothman and 
Thomas 1994; 
Krainer and Lerchster 
2012; Heintel 2005; 
Lerchster 2012;  

Transition 
research 

Transition research is a new approach to sustainable 
development (SD) and is drawing on several inputs: 
complexity theory, integrated assessment, STS, innovation 
studies, history, governance studies, reflexive modernization, 
but is also developing its own core set of questions and 
theories. Major research efforts of a number of European 
research institutes in recent years have advanced knowledge 
of transitions to sustainability, particularly in the field of a 
broad understanding of how major, radical transformations 
unfold and what drives them.   

Schot and Geels 
2008; Berkhout et al. 
2010; van den Bosch 
and Rotmans 2008 

Table 1: Sources of transformative research in different fields (Source: Own illustration).  
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We argue that an integrated perspective on these research approaches under the umbrella concept of 
transformative science can foster a more comprehensive understanding and an improved contribution 
to sustainability transformations in practice. They share some basic characteristics: they recognize and 
integrate various types of knowledge, they take a critical stance towards conventional research 
paradigms and they strive for a new contract between science and society (science in and with society) 
(see also mode-2 science (Nowotny et al. 2001) and post-normal science (Funtowicz and Ravetz 1993). 
In essence, transformative research emerges as a result of innovation and modernization dynamics that 
produce knowledge deficits, uncertainty and risk (Krohn 2007). 

2.1.1 Research in Real-World Labs  
A current example of an “ideal-type” form of transformative research is the newly emerging concept of 
research in real-world labs (Schneidewind 2014; De Flander et al. 2014; Schäpke et al. 2015). This 
concept is still young and a broadly shared definition does not exist as of yet. According to our 
understanding, real-world labs provide “contexts for real-world experiments, which aim at an improved 
understanding of transformation processes and actively facilitate them” (Schneidewind 2014). 

The key idea of studying and initiating change in real-world labs is to actually develop solutions, test 
and experiment with them (WBGU 2014; De Flander et al. 2014; Wagner and Grunwald 2015). They are 
carried out in and with society, rather than within the confines of scientific labs (Gross et al. 2005, p. 
11). Real-world labs are built on a transdisciplinary process understanding of the involved scientific and 
non-scientific actors, methods facilitating collaboration and knowledge integration as well as suitable 
project designs. In short, they can be described as places of learning, which can have various types of 
impact: they create socially robust and socially acceptable solutions for actual problems, they serve as 
testing ground for new knowledge and solutions, and they can facilitate transferability of solutions to 
other contexts. The basic assumption is that experimenting and learning-by-doing is important not only 
to initiate change, but also to arrive at a better understanding of transformation processes per se. Fields 
of application and research questions can be as diverse as the concrete physical locations or boundaries 
of a real-world lab. They can be urban districts or even entire cities or regions, national parks or nature 
reservation areas, a university campus as well as an industrial sector or supply chain as well as a 
regional mobility system (MWK 2013). Similar to case studies, real-world laboratories are delineated by 
the specific research question or field of application and they focus on a specific place or concept, e.g. a 
region (Ceschin 2014), city (Evans and Karvonen 2014)  or organization (Evans et al.  2015) that can 
serve as a boundary objects facilitating knowledge integration. Various kinds of actors can relate to 
these boundary objects and thus are enabled to relate the different kinds of knowledge they possess to 
each other in a collaborative way (Schneidewind and Scheck 2013, p. 240) , and eventually initiate joint 
real-world experiments (Groß et al. 2005). 

Successful collaboration of scientists and non-academic partners in real-world labs depends on 
fulfilling certain quality criteria of transdisciplinary sustainability science in order to guarantee 
knowledge integration. An additional and decisive factor is a high degree of reflexivity and 
transparency. Without these, real-world labs will not enable mutual learning (Scholz 2000), but will 
rather instrumentalize the non-academic partners as “lab rats”. An essential precondition for doing 
research in real-world labs is the ability and willingness of the involved scientists to critically reflect 
their own roles in the process. In that sense, we can describe transdisciplinary research in real-world 
labs as a type of “learning research process” within a social space (Schneidewind and Singer-Brodowski 
2015, 17). This can amount to a rather radical break with a more traditional understanding of roles in 
science, where scientists are the experts and lay persons the research objects. Real-world labs thus can 
have an impact not only on their specific field of application and the local stakeholders, but also on the 
involved scientists. 
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Doing transformative research in real-world labs can help strengthen reflexivity and it dissolves the 
strict separation of knowledge and experience, turning it into a more pragmatic perspective on joint 
research, learning and change. There is thus also a very direct link between transformative research and 
transformative education. An integrated perspective on research, education and the institutional system 
in which they are embedded, is the core feature of the concept of transformative science. 

2.2 Transformative Education and Teaching 
Since transformative science aims at reflexive knowledge production that can initiate change in society, 
it cannot rely only on the realm of academic research. Knowledge-based learning, teaching and 
education in universities are another key element of a transformative science. Even in a very traditional 
sense, higher education can be understood as a transformative endeavor, because it enables students to 
develop new ways of thinking and to question and change behavioural patterns. Where learning 
processes in universities are connected with societal change processes, a space is being created for 
“transformative learning” at the individual and societal level. Students who will be future decision-
makers learn to deal with societal challenges and uncertainties in a pro-active way. They should develop 
an understanding for “wicked” sustainability problems, learn about approaches for solving them and 
eventually become change agents for a more sustainable society in the future. 

In the context of the discourse on higher education for sustainable development, a dynamic research 
and practice community has emerged, addressing this rather comprehensive idea of approaching higher 
education in a societal context (i.e. Jones et al. 2010; Adomssent et al. 2006; de Kraker et al. 2007; 
Adomssent et al. 2009, Barth et al. 2011, Barth et al. 2016). This research field has emerged around the 
“UN Decade of Education for Sustainable Development” (ESD) (2005-2014), which has been launched 
with the overall objective of integrating ESD in all fields of education worldwide. In the final report of 
this UN Decade it was found that over the ten years it lasted progress has been made internationally 
with regard to the institutionalization of ESD in universities. However, it was also found that many 
countries are lacking pro-active “leadership” for a more substantial change in universities (UNESCO 
2014, p. 115 ff.). Since 2015, efforts of strengthening ESD internationally are continued in the form of a 
UN World Program of Action. 

A central aim of ESD in higher education is the development of competencies of students in the context 
of concrete sustainability problems. Especially against the background of complexity and uncertainty, 
competencies are essential as “the cognitive abilities and skills, which the individuals have available or 
can learn, and enable them to solve specific problems, as well as the motivational, volitional and social 
dispositions and abilities to successfully and responsibly use the solutions of problems in variable 
situations” (Weinert 2001, p. 27 f.). Over the past years, various classifications of relevant sustainability 
competencies have been developed for the field of higher education (e.g. Barth et al. 2007, de Kraker et 
al. 2009, Segales et al. 2009, UNECE 2012). In an international review by Wiek et al. (2011), the various 
competence models have been integrated and five key competencies were identified, which are essential 
for fostering sustainability transformations: (1) systems thinking, (2) anticipatory competence, (3) 
normative competence, (4) strategic competence. These are based on (5) interpersonal competence, 
which is a precondition for joint action (ibid.). The research agenda for the following years will be to 
develop an understanding of different levels of competence and based on this a concept for 
systematically measuring and evaluating students’ competencies (Wiek et al. 2016). 

2.2.1 Transformative Learning for Sustainability 
The competencies in the field ESD are a systematic description of the desired results of education and 
students’ learning processes in the context of sustainability. However, they do not contain an 
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understanding of how these competencies can be developed and acquired by students. This is an open 
research question in the field of ESD and environmental education and there is a need for more 
research that puts students and their individual learning experiences in the focus of analyses (Rickinson 
2001, 209f., auch Dillon 2003). Many educational programs primarily focus on influencing and 
changing attitudes and behaviour towards more sustainable lifestyles (Rickinson 2001, p. 207). These 
approaches are criticized, because they are in essence a form of instrumentalization of students for 
addressing societal challenges (Jickling 1992, Scott and Vare 2007). A more adequate approach would 
be to familiarize students with different concepts and enable them to decide for themselves what 
positions they can and want to represent and to develop (political) attitudes in suitable teaching and 
learning settings (ibid.). 

Therefore, ESD in higher education aims not only at systemizing relevant competencies, it also wants to 
encourage and enable students to reflect on their actions as consumers, citizens and learning human 
beings, without overwhelming them through given assumptions, rigid frameworks and pre-defined sets 
of competencies. Much more importantly, the individual experiences of students should be in the focus 
and their ability to engage in controversial deliberation processes between (1) students themselves, (2) 
students and teachers, and (3) students and societal stakeholders in the context of sustainability. The 
concept of transformative education and teaching we are proposing here is a relevant theoretical 
contribution to this debate, because it focuses on learning processes in contexts characterized by 
complexity and uncertainty and aimed towards greater reflexivity with regard to individual behaviour. 
Such a perspective is increasingly adopted in the field of ESD in higher education (Sterling 2011; 
Pavlova 2013a/ 2013b; Elliot 2010; Moore 2003; Sipos et al. 2007).  

The theory of transformative learning does not follow an additive understanding of learning, where 
students add new knowledge to existing knowledge, it rather builds on a concept where an increasing 
reflexivity is the starting point and a precondition: (1) for consciously acting individuals, (2) for being 
able to develop new interpretations of contexts and situations, (3) for embedding what has been learned 
in a stable repertoire of interpretations and actions (Mezirow 1997, S. 82). Core focuses of 
transformative learning are subjective attributions of meaning, i.e. the individual schemes and frames 
that shape the perception and interpretation of new experiences (ibid., p. 10). Since these subjective 
attribution of meaning offer orientation and structure in everyday life, it is very difficult to change them 
(Illeris 2013). Transformative learning processes are therefore often triggered by irritations within 
personal worldviews or even minor crises regarding one’s perceptions of self and the world surrounding 
him or her (Mezirow 1997). Such an experience can lead to a reflection of established attributions of 
meaning and patterns of interpretation, which can in turn create openness for change. Such a process 
can be facilitated in significant ways through non-hierarchical discourse (Mezirow 1991) with other 
students and the possibility to reflect on changing perspectives together. Learning together, in the 
protected environment of a group, reflection of new perspectives, hidden meaning and dominant 
ideologies (Brookfield 2000) can be a starting point for emancipation and the development of new 
worldviews and self-perceptions. These transformative learning processes lead to increased reflexivity 
and a changing relationship (Sterling 2010) with the social and natural environment. Deep-structural 
change in the assumptions that shape thinking, feeling and acting can lead to greater awareness and 
better ways of dealing with issues such as global injustice and the exploitation of humans and nature 
(Morrell and O’Connor 2002). Increased reflexivity can thus be achieved through a transformative 
learning experience, much rather than through a process where students are being convinced by a 
teacher to adopt more critical perspectives. Such a focus on transformative learning experiences is an 
important addition to research on competencies in ESD and it contributes a student-centered 
perspective on the learning process itself.  
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The development of competencies as well as transformative learning experiences can be facilitated by 
activating forms of teaching in alternative didactive settings (Cotton and Winter 2010). These are 
characterized by an interplay of practical activities and theoretical reflection (Savery 2006, p. 12). Based 
on real-world problems (Brundiers and Wiek 2011) students work on sustainability problems in small, 
interdisciplinary teams. In these kinds of didactic settings, students are no longer the subjects of their 
education, rather, they become active stakeholders in small-scale transformation processes and the 
related learning experiences (Wiek and Kay 2015). Especially in the context of the “Shift from teaching 
to learning” as part of the Bologna process, these didactic forms of higher education gain impetus. An 
overview of specific didactic tools and formats will be given in the following. 

2.2.2 Didactic Formats fostering the development of competencies and 
 transformative learning  
In principle, these didactic formats in ESD can be summarized under the concept of problem-based 
learning (Dobson and Tomkinson 2012; Brundiers and Wiek 2011; Bessant et al. 2013, Cörvers et al. 
2016). A key difference is whether they can be characterized as research-oriented or project-oriented 
learning (Brundiers and Wiek 2013).  

Research-oriented learning focuses on gaining a deeper understanding of a phenomenon and its 
context with the aim of producing knowledge with regard to a specific sustainability problem. Ideally, 
the process of knowledge generation is embedded in a transdisciplinary or transformative research 
design. Students are confronted with a complex sustainability problem and will then be supported by 
teachers in carrying out a small research project, including the development of a research question, 
selection of suitable methods, evaluating and presenting results. Transdisciplinary case studies (Scholz 
et al. 2006) are a typical format for doing these kinds of research projects. Teachers take on the role of 
facilitators that assist students with their practical expertise in the respective field as well as with their 
theoretical and methodological knowledge. According to Barrows (1996), research-oriented learning is 
characterized by six features: 

1 | Learning is student-centered, 
2 | Learning occurs in small student groups, 
3 | Teachers are facilitators or guides  
4 | Problems form the organizing focus and stimulus for learning. 
5 | Problems are a vehicle for the development of (...) problem-solving skills and 
6 | New information is acquired through self-didactic learning. 

Project-oriented learning is also characterized by these features, but the focus is on solving in practice a 
specific sustainability problem in a concrete local context. It is thus also based on a real-world problem, 
but the project result, sometimes in the form of a concrete product, is decisive and a more clearly 
specified goal (Savery 2006, p. 1). The problem in question can emerge from a cooperation with civil 
society partners and learning in these contexts can be further specified as “service learning” (Barth et al. 
2014). Here, students learn about the respective subject matter by working in nonprofit/civil society 
organizations and then reflect on it theoretically (Eyler and Giles 1999). Another example is the 
development of sustainability projects on campus by the students themselves: organizing events, 
preparing a sustainability report for the university, doing campaigns for concrete sustainability 
activities at the university, e.g. in the field of energy efficiency and saving energy or serving fair-trade 
coffee at the university canteen. 

Project-oriented learning can thus contribute to actual improvements in the sustainability performance 
of universities and it can be an effective element in teaching. A precondition for developing 
competencies in project-oriented learning is the theoretical reflection of the practical experience. 
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Facilitating theoretical reflection is the task of the involved teachers as well as supporting and coaching 
the students in the project management process (Savery 2006, 15). 

In essence, transdisciplinary or transformative learning in research-oriented learning approaches as 
well as the focus on developing concrete solutions in project-oriented learning formats offer students 
access to new types of knowledge: the locally embedded understandings and experiences of 
stakeholders (Alvarez and Rogers 2006, 178) as well as the manifold complexities of sustainability 
problems in practice. Students are encouraged to look at local sustainability problems from various 
perspectives, taking into account the discourses and practices of various stakeholder, and to develop a 
deeper understanding of the ambiguities, uncertainty and multidimensional nature of sustainability 
transformations (ibid. p. 182 f.). Research- and project-oriented learning can thus be seen as 
complementary in ESD (Brundiers and Wiek 2013, 1728).  

Research- as well as project-oriented learning formats enable students to become more pro-active and 
engage in transformation processes. Self-organized learning (Knowles 1975, Candy 1991, Boekarts 1999) 
and the freedom to design their own projects can contribute to students’ intrinsic motivation (Deci and 
Ryan 1985) and facilitate identification with their projects (Wheeler et al. 2010, p. 20). The 
experimental character of projects allows for making mistakes (within the protected space of the 
university) as an essential part in the process of learning. 

Higher education that is based on principles of transformative learning can have three kinds of impact: 
(1) impact on students through facilitating ESD and enabling them to act as “pioneers of change” and 
responsible citizens of a global society; (2) impact on didactics that need to be changed in order to allow 
for an interplay of practical experience and theoretical reflection; (3) impact on society by embedding 
teaching and learning activities in the university’s environment. 

2.3 Institutional Change – Self-renewal of the Science System 
For transformative research and transformative teaching and learning to spread more broadly, 
institutional change in the science system is required. Such an institutional dimension has been lacking 
in the debate about mode-2 science so far. However, a comprehensive concept of transformative science 
needs to include an institutional dimension3. Institutional change in that sense refers not only to the 
organizational structures of academia as a whole or individual scientific bodies, but also rule systems 
and paradigms embodied in academic cultures, the incentive structures and reputation systems and 
scientific quality criteria (for an overview of strategies for institutional reform towards a more 
transformative science system, see: Schneidewind 2010, Schneidewind/Singer-Brodowski 2014, S. 
Schneidewind et al. 2016a). 

In the following, institutional change at three levels will be discussed: (1) a fundamental mindshift in 
the self-conception and attitude of scientists as individuals; (2) a regime shift towards greater 
participation of civil society, scientific quality criteria and quality assurance systems for a 
transformative science and organizational change at the level of universities and non-academic research 
bodies; (3) instruments and measures for an institutional reform program at the political level. 

2.3.1 Mindshift 
Transdisciplinary research and transformative teaching and education as well as the overall concept of a 
transformative science are all based on a specific perspective on the role of knowledge and scientists in  
and for society. Science is not understood as being isolated from society, taking place in a sub-system ––– 
3 Schneidewind/Singer-Brodowski describe transformative science as mode-3 science, i.e. adding an institutional dimension to 

the debate about a mode-2 science. 
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following its own specific rules, but rather as an embedded process, generating knowledge with and for 
a changing society – in a “transdisciplinary process“ (Scholz 2011). Such a fundamental approach 
challenges self-conceptions and traditional roles of scientists. The relationship between scientists and 
society has to be redefined where they take real-world problems as the starting point for research, 
where research questions are framed together with societal stakeholders and where different types of 
disciplinary and non-academic knowledge need to be integrated. This is in stark contrast to the ideal of 
the lonely academic searching for the truth in isolation from societal turmoil. Defensive reactions and 
critique of transformative science approaches can thus often be explained by a clash of basic 
conceptions of science and the role of scientists. At its core are conflicting self-conceptions of scientists 
that transcend the cognitive-rational level. 

It is therefore crucial to emphasize that the concept of transformative science does not aim at the 
abolition of disciplinary and basic research, which require a more traditional research approach and 
scientific practice, including the related self-conceptions of scientists. However, in an age of reflexive 
modernity, there is an additional need for a more transformative science and ways have to be found for 
enabling the co-existence of different scientific cultures in the science system. Similar dynamics have 
led to changes in the science system before, e.g. in the case of the emerging engineering sciences (see 
Grunwald 2015). A mindshift is needed that embraces these pluralizing dynamics (in a reflexive and 
critical way), in order to open up the space for concrete institutional change.  

2.3.2 Regime Shift 
Three key areas where institutional change is needed in order to enable a more transformative science 
will be discussed in the following, in order to illustrate the fundamental challenges involved in a 
broader institutional reform program: (1) greater participation of civil society in science, (2) rethinking 
scientific quality criteria and quality assurance systems, and (3) organizational change at the level of 
universities and non-academic research bodies. 

Participation 

Involving societal stakeholders in the co-design of research questions and designs and in the co-
production of knowledge is a key challenge for the established institutional structure of the science 
system and is therefore discussed controversially. While methods for stakeholder involvement in 
transdisciplinary processes and cases studies have been developed, there are no established 
mechanisms for civil society participation in science at a level beyond individual research projects. This 
would require a more systematic participation of civil society organizations in the design of publicly 
funded research programs, capacity building through mediating institutions, such as Science Shops, for 
instance, and further developing citizen science as a specific form of co-production of scientific 
knowledge (Irwin 1995; Roy et al. 2012, Haklay 2013). 

Scientific quality criteria and quality assurance systems 

Scientific quality criteria and quality control mechanisms are of key importance for building a 
reputation in the science system. Apart from traditional academic quality criteria, there is a need for 
alternative quality criteria able to evaluate transformative science approaches. Their co-existence with 
traditional science depends on broadly accepted criteria and measures of distinguishing “good” and 
“bad” transformative science – in co-existence with the elaborated scientific quality assurance systems 
already in place. 

In the field of transdisciplinary research, approaches of quality assurance have been developed (e.g. 
Jahn/Keil 2015.). However, a key aspect remains somewhat neglected: measuring societal impact. Since 
transformative science aims at fostering sustainability transformations in practice, a better 
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understanding is needed of the societal impact and suitable approaches for evaluating sustainability 
impacts in society.  

In the field of transformative science, i.e. science that proactively fosters transformative processes 
(WBGU 2011, p. 23), the mechanisms through which science has a transformative impact are varied and 
complex. Impact is produced through different kinds of levers – e.g. technologies, specific project 
results, policy recommendations, coining terms and developing new frames and narratives, individual 
scientists – and they differ depending on the specific field of application and arena. An analytically clear 
and linear reconstruction of causal impact chains (e.g. along the lines of input – output – outcome) that 
goes beyond generic heuristics is hardly feasible (e.g. Wiek et al., 2014). Existing approaches of 
measuring impact based on formative criteria (e.g. Bergmann et al. 2005; Jahn and Keil 2015) of 
process conditions for successful transformative research also remain limited. A better understanding is 
needed of what the varying types of impact and their underlying mechanisms are, in order to facilitate 
the learning processes in the field of transformative science (Schneidewind and Singer-Brodowski, 
2014).  

A useful orientation is offered by the British “Research Excellence Framework”, where the impact of 
research is evaluated based on best practice case studies. To generalize results beyond the level of 
individual cases, the analytical framework of Spappen and van Drooge (2011), which is based on the 
concept of “productive interactions”, can be a useful addition. According to this framework, interactions 
between science and society (i.e. scientists and stakeholders) are a key factor for producing impact. 
Building on this framework and a case study analysis, typical patterns can be identified for the 
production of societal impact. This approach allows for a systematization of the broad variety of impact 
mechanisms into a comprehensive set of typical patterns of transformative research that has a societal 
impact. Research on “pattern language” (e.g. Alexander et al. 1977) offers interesting perspectives on 
conceptualizing patterns in the emergence of societal impact. Alexander et al. (1977, p. 10) find that 
„each pattern describes a problem which occurs over and over again in our environment, and then 
describes the core of the solution of that problem, in such a way that you can use this solution a million 
times over, without ever doing it the same way twice“. The focus of such an approach is on the 
relationship between the parts of a system and how their interplay contributes to the functioning of the 
system as a whole (Stark and Schümmer, 2014, 25). 

Organisational change facilitating transdisciplinarity and transformative science  

Finally, institutional change for transformative science is needed within the organizations of the science 
system, i.e. universities and other research institutions. Their organizational structures reflect the 
traditional academic and disciplinary modes of knowledge production. Interdisciplinary centers do 
exist, but they often build bridges between disciplines that are closely related, e.g. in the field of natural 
sciences and engineering, in medical research, or in the social sciences. In the following an overview is 
given of some key institutional reforms and initiatives that together can contribute to a relevant degree 
of capacity building for a transformative science: 

• Establishing transdisciplinary centers for research and education that cross disciplinary boundaries 
between the natural and the social sciences, and involve societal stakeholders. Some examples of 
this type of institutions already exist, e.g. the Stockholm Resilience Center or the Dutch Research 
Institute for Transitions (DRIFT). 

• Establishing university faculties with a transdisciplinary orientation (e.g. the Leuphana University 
Lüneburg in Germany or the School for Sustainability at Arizona State University). They can create 
the basis for transdisciplinary study and dissertation programs. 
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• Establishing infrastructures for transdisciplinary knowledge integration in research and education: 
(urban) real-world labs designed for longer periods of time can function as a more permanent 
transdisciplinary setting and process (WBGU 2016). 

• Establishing institutes or centers that focus on the development of methods for a transformative 
science. It has been shown in this paper that there is a need to further develop suitable methods in 
transformative research (and education) and similar to disciplinary science, these should be 
developed and taught in specialized centers. These can also become initiators for publishing 
scientific journals with a transdisciplinary focus. 

These examples provide a brief overview of concrete measures that could be part of a more 
comprehensive institutional reform program facilitating transformative science. 

2.3.3 Getting Started 
A key question is how such an institutional change agenda could be implemented in current science 
systems characterized by path dependencies and inertia. Some empirical evidence of promising 
approaches does exist. In the following, three examples will be presented: 

• Funding programs can have an important signaling function for the science system as a whole 
and they can create the experimental space for developing transformative science approaches. 
Important funding bodies in this respect can be foundations (see the example of the Stockholm 
Resilience Center), national funding bodies (e.g. the Social-Ecological Research program of the 
German Federal Ministry of Education and Research, or as an example in the field of transformative 
education and learning, the Austrian Ministry of Economics’ “Sparkling Science” program), or public 
funding bodies below the national level (e.g. the real-world lab program of the German federal state 
Baden-Württemberg4. It is important that these funding programs do not only work on a project-
basis, but also create incentives for long-term capacity building, e.g. by establishing centers that 
receive initial funding or by establishing tenure-track professorships. 

• Pioneering institutions. Institutional change in the science system depends on a critical mass of 
national and international pioneering institutions that embrace principles of transformative science 
as part of their strategic mission. This is important for long-term capacity building based on a 
systematic development of methods, publishing journals, developing quality criteria and quality 
control systems, and by creating career opportunities for scientists in the field of transdisciplinary 
and transformative science. Today, only a few isolated examples of pioneering institutions already 
exist, such as Arizona State University in the US or the Leuphana University in Germany as well as 
networks of non-university sustainability research institutes, e.g. the Ecornet in Germany 
(http://www.ecornet.eu). Further incentives are needed, such as the excellence programs in various 
national science systems, in order to facilitate a more varied and horizontal differentiation within 
the science system. 

• Participation of civil society. An important catalyst for institutional change in the science 
system are civil society organizations, especially where they openly state their demands with regard 
to the role of science in the political arena and directly addressing scientific institutions. This can 
create the political momentum needed for substantial reforms. With regard to commercialization 
and industry interests there have been vast changes within the science system over the past decades. 
Similar mechanisms should be used in the context of societal interests and to establish a new 
contract between science and society. ––– 

4 https://mwk.baden-wuerttemberg.de/de/forschung/forschungspolitik/wissenschaft-fuer-nachhaltigkeit/reallabore/ 
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3 Conclusions: Transformative Science as a paradigmatic, 
 institutional and methodological reform program  
This paper has outlined the program and the key elements of a “transformative science” and the related 
need for institutional change. The concept of transformative science extends beyond established 
discourses of mode-2 science and approaches of transdisciplinary research, because it addresses issues 
related to transformative research as well as transformative education and learning, and it focuses on 
the institutional dimension of science system change. Transformative science is a self-reflexive program 
for further developing science, by critically questioning and reflecting on its own role in societal 
transformation processes. 

The following aspects are crucial for further developing the program of transformative science: 

• The debate about transformative science needs to be internationalized, building on and extending 
far beyond individual European and US hubs. A suitable framework for this could be the global 
Future Earth program (http://www.futureearth.org). 

• Challenges addressed in this paper, e.g. development of methods and quality criteria, the need for 
pioneering institutions and funding programs, need to be focused on and developed further. 

• The basic concept of a transformative science needs to be translated and adapted in different fields 
of application, e.g. as a transformative economics and business studies (see Schneidewind et al. 
2016b), transformative chemistry or transformative computer sciences. 

 

Building a new contract between science and society remains a challenge and a comprehensive reform 
project for the science system in the 21st century. 
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