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Abstract
The complexity and importance of environmental, societal, and other challenges require new forms of science and practice 
collaboration. We first describe the complementarity of method-driven, theory-based, and (to the extent possible) validated 
scientific knowledge in contrast to real-world, action-based, and contextualized experimental knowledge. We argue that a 
thorough integration of these two modes of knowing is necessary for developing ground-breaking innovations and transitions 
for sustainable development. To reorganize types of science–practice collaborations, we extend Stokes’s Pasteur’s quadrant 
with its dimensions for the relevance of (i) (generalized) fundamental knowledge and (ii) applications when introducing (iii) 
process ownership, i.e., who controls the science–practice collaboration process. Process ownership is a kind of umbrella 
variable which comprises leadership (with the inflexion point of equal footing or co-leadership) and mutuality (this is needed 
for knowledge integration and developing socially robust orientations) which are unique selling points of transdisciplinar-
ity. The extreme positions of process ownership are applied research (science takes control) and consulting (practice takes 
process ownership). Ideal transdisciplinary processes include authentic co-definition, co-representation, co-design, and 
co-leadership of science and practice. We discuss and grade fifteen approaches on science–practice collaboration along the 
process ownership scale and reflect on the challenges to make transdisciplinarity real.

Keywords Transdisciplinary processes · Mutual learning · Scientific relevance · Practical relevance · Process ownership · 
Complexity management

Introduction

Keeping planet Earth viable in the twenty-first century and 
beyond without disruptions calls for identifying successful 
coping strategies to manage current fundamental challenges 
including climate change, pandemic threats, international 
security, ensuring food security, biodiversity loss, rebound 
effects of new technologies, digitalization, migration, sus-
tainable energy systems, and sustainable resource manage-
ment. The need to better understand the fundamental charac-
ter of interactions between nature and society and necessary 
adaptive capacities are central subjects of sustainability sci-
ence (Clark and Harley 2020; Kates et al. 2001). The com-
plexity, contextualization, and multifaceted nature of such 
problems require the utilization of knowledge and epistemics 
(i.e., ways of knowing) of different interest groups (includ-
ing governmental actors, industry, non-profit organizations, 
NGOs and other stakeholders) and cultures (including indig-
enous people). Knowledge also differs between modes of 
thought (e.g., intuition vs analytics) and depends on the 
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perspectives of interest (Scholz 2011). We argue that to 
properly utilize and develop science that can cope with these 
challenges, different forms of science–practice collaboration 
have been and continue to be developed, and this compels 
us to define, interrelate, and effectively use the capacities of 
both science and practice for linking practical experiential 
wisdom and academic rigor (Renn 2021). We also reflect on 
how science knowledge may affect the actions of decision 
makers.

First, to understand what determines the potential of col-
laboration, we define the essence of each one, scientific and 
practical knowledge. Simplified, science knowledge serves 
to construct a reference system of validated common knowl-
edge that is (1) consistent and/or (2) empirically proven or 
validated. In contrast, practical knowledge serves to master 
life, to compete in daily life, and to secure and strengthen 
one’s position in society. From a realist perspective, scien-
tists construct theories and models to realistically describe 
structures and processes of the actual world. The objectives 
of practitioners differ. For example, business agents must 
compete and survive in the market and provide sufficient 
turnover and profit; politicians in democratic systems strive 
to be re-elected; and NGOs must find appropriate ways of 
gaining public acknowledgment for their values and norms.

Second, science and practice differ primarily in the cri-
teria they use for validating what is good or successful. In 
a traditional conception of science, the objective is to con-
struct theories and models approaching real structures, and 
the primary driver is curiosity. In contrast, practitioners’ 
success is based on feedback from their social and natural 
environment that support or endanger the viability of their 
systems. For representatives of commercial organizations, 
for example, market success and economic return are deci-
sive. For politicians and actors of nongovernmental organi-
zations, popularity, social recognition, and the number of 
votes/memberships are significant. A good strategy is spe-
cific, situated (e.g., adapted to the socio-cultural constraints 
in contrast to generic science knowledge; Gherardi 2008; 
Hunter 2009), and often intuitive or implicit (Greenhalgh 
2002; Raab and Gigerenzer 2015).

Third, from our perspective, collaboration goes beyond 
cooperation. Cooperation is directed toward the division of 
labor and knowledge, while collaboration stresses mutuality. 
It includes an intended joint process of creating prerequisites 
and constraints and framework conditions, as well as the 
intertwining of ideas and actions on the course toward a 
common goal. Thus, science–practice collaboration com-
prises goal-oriented interaction and knowledge integration 
to address a challenge or endeavour that is of interest to both 
practitioners and scientists. For instance, the challenge of 
complex, socioecological transitions calls for going beyond 
interdisciplinarity and utilizing the multitude of epistem-
ics, which are related and linked to different interests of 

subgroups of society and their experiential foundations (wis-
dom), which have often been acquired by cultural rationales.

The aim of transdisciplinary processes is to provide added 
value for science and practice through the effective, func-
tional integration of knowledge from both. The integration 
of knowledge from science and practice provides a special 
form of epistemics, but also the integration of sciences for 
a targeted interdisciplinarity is part of (i) epistemic integra-
tion. Further, a transdisciplinary project is characterized by 
integration of (ii) systems, (iii) interest groups/social inter-
est, (iv) modes of thought, and (v) cultures (Scholz 2011; 
Scholz and Steiner 2015b). All these forms serve capacity 
building of all stakeholder groups by mutual learning on 
equal footing/co-leadership of science and practice is our 
understanding—and thus may serve as a short definition—of 
transdisciplinary processes.

In this paper, we describe different types of science–prac-
tice collaboration and discuss when, how, and why trans-
disciplinary processes may complement other established 
approaches such as political consultancy, Triple Helix, 
Third Mission, open innovation, citizen science, and action 
research. We do this from a systemic sustainability perspec-
tive. Sustainable development is seen (Scholz 2017) as:

1. an ongoing search for and inquiry about problems and 
critical environmental dynamics that

2. identify and assess critical risks and vulnerabilities for 
the maintenance of (sub-)systems considered essential 
for the viability of humankind or those systems that are 
judged valuable to maintain

3. from a socio-cultural normative perspective such as 
intra- and intergenerative justice.

The number and extent of contributions from science and 
practice differ along three stages. The ongoing search for 
threats (1) may be viewed as a joint process. Thus, practi-
tioners might take the lead on problems that require experi-
ential knowledge, while scientists take it in domains where 
abstract knowledge is required, e.g., long-term climate 
change. In the course of assessing vulnerabilities and resil-
ience, science is likely to take the lead, while the formation 
of normative goals and objectives to address the results of 
their assessments is usually considered a matter for societal 
democratic processes (Scholz 2017).

We argue that scientists and practitioners have different 
reference, reward, and validation systems, yet there is het-
erogeneity within and between science and practice as well. 
Scientists may see themselves and their role as serving the 
public good, which aligns with the fact that, in many coun-
tries, it is taxpayers who finance public science institutions. 
Nevertheless, there is an ongoing discussion of the role of 
science activists (or lobbyists in “the coat of science”), e.g., 
when defining goals for climate protection, the risks society 
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should take, or what constitutes sustainable consumption 
(Scholz 2017; Wittmayer 2016). The presented approach of 
transdisciplinarity stresses that the normative side of cop-
ing with a transdisciplinary problem is a primary subject 
of practice/stakeholders and not of science (Scholz 2020).

“Science vs practice: who is generating what type of 
knowledge?” first describes what knowledge is generated 
by science and what by practice. We delineate how trans-
disciplinarity differs from societal and business-driven 
Third Mission research and explain the complementarity of 
science and practice with respect to rationales and drivers. 
Then, we outline motives and rationales for why scientists 
and practitioners collaborate. “Process ownership in sci-
ence–practice collaborations” introduces the process own-
ership scale which provides a third dimension to Pasteur’s 
quadrant (Stokes 1997) by differentiating constellations of 
leadership by science or practice. The “Discussion”, and 
“Conclusions and outlook” focus on the motivations and 
drivers of both science and practice actors and elaborate on 
the reasons of why transdisciplinary processes are appropri-
ate for sustainable transitions, based, in particular, on equal 
process ownership and mutual learning for capacity building 
of science and practice.

Science vs practice: who generates what 
type of knowledge?

The bifurcation of the Third Mission vs 
transdisciplinarity

With respect to science–practice collaboration, Erich 
Jantsch’s (Jantsch 1970) contribution at the 1970 OECD 
Conference on Interdisciplinarity is: Problems of Teaching 
and Research in Universities provided a visionary view of 
the transdisciplinary university: … a transdisciplinary struc-
ture for the university … [includes] three types of organiza-
tional units – systems design laboratories, function-oriented 
departments, and discipline-oriented departments – which 
focus … the education/innovation system, i.e., on method 
and organization rather than on accumulated knowledge. 
(Jantsch 1970, p. 403). Science–practice collaboration-based 
transdisciplinarity emerged from this idea of function-ori-
ented departments.

At the same time, the US National Academy of Sci-
ence and the Social Science Research Survey Committee 
addressed “social crises” and demanded that science con-
tribute to an

… increased depth of understanding human behavior 
and the institutions of society; and second, in better 
ways to use this understanding in devising social pol-
icy and the management of these affairs. (NAS 1969)

In the USA, Mahan Jr. (1970) also suggested the 
concept of transdisciplinarity. Yet, the notion of trans-
disciplinarity was, finally, restricted to an integrative, 
theoretically, and methodologically based (i.e., “true”) 
interdisciplinarity that provided concepts for better under-
standing the foundations of authentic social behavior (e.g., 
for concepts such as “general behavioral principles”), for 
instance, when providing concepts such as “general behav-
ioral principles” (Mahan Jr. 1970, p. 20). Collaboration 
with practice was neither discussed nor considered.

Around 1970, traditional criteria and rationales for dis-
ciplinary science came under pressure. Interdisciplinary 
fields and applied research acknowledged the complexity 
of societal structures and problems as well as the demand 
by practice to benefit from universities and public knowl-
edge institutions (such as the Max Planck Institutes). Some 
scientists have argued that traditional forms of validation 
are no longer possible in complex systems, and singular 
casualties have become unimportant (see, e.g., post-nor-
mal science; Funtowicz and Ravetz 2003). The traditional 
science standards were further undermined by commer-
cial interests in applied projects and fraudulent scientific 
papers driven by academic career pressures (e.g., “publish 
or perish”). Thus, it became increasingly difficult to define 
what good science is and what can be considered as a 
validated or even proven reference from the practitioner 
side, e.g., governments, courts, business and industry, and 
the public at large.

The increasing challenge of distinguishing between 
research conducted by science and that undertaken by prac-
tice can be illustrated by the Triple Helix Model of univer-
sity–industry–government relations (Etzkowitz and Leydes-
dorff 1995) and the Third Mission (Asplund and Nordman 
1999) approach. The term Third Mission has been utilized 
in many contexts and has mostly denoted the utilization of 
universities beyond scientific research and academic educa-
tion. In 1994, Director of the Cornell Program on Dairy 
Markets and Policy Andrew M. Novakovic defined the goal 
of the Third Mission:

The third mission is to assist and advise members of 
industry and policy makers as they seek to understand 
or develop dairy policies or new marketing institu-
tions, mechanisms, and practices. (Novakovic 1994)

Overcoming the bottleneck of funding shortages with 
yields from the marketification and commodification of 
research and higher education (Laredo 2007; Zomer and 
Benneworth 2011) was the key driver for the formation 
of the Third Mission. The public expected the university 
to contribute revenue to their investment by providing 
contract-based services to industrial and governmental 
interests, and this demand has nourished the heterogene-
ity of universities and flattened the boundaries between 
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the university and private consultancy companies that also 
apply scientific methods.

Etzkowitz and Leydesdorff (1995) extended the Third 
Mission concept to the Triple Helix concept, which is a 
slight revision of Clark’s “triangle of coordination” (1983) 
between the “academic oligopoly” (i.e., the universities), 
the market (i.e., the economy, commercial users), and the 
state authority (i.e., politics and/or the state).

Boundaries between public and private, science and 
technology, university and industry are in flux. … 
Companies increasingly look to universities, …, as 
a potential source of useful knowledge and technol-
ogy …, often encouraged by government – at both 
regional and national levels …. (Etzkowitz and Ley-
desdorff 1998, pp. 203–204)

The concept of the Third Mission was further extended 
because of governments’ needs to implement political 
programs. For instance, the social and planning sciences 
“were facing a shift of funding toward policy programs” 
(Zomer and Benneworth 2011). Urbanization and the 
development of sustainable cities have been key topics 
in this context, and societal needs and the demands for 
urgency, usefulness, and societal relevance have gained 
significance. As a consequence, new departments, cur-
ricula, institutions, and universities of applied sciences 
have been established to meet these needs.

Undoubtedly, business and industry interests have 
been the primary engines driving the Third Mission. A 
structural analysis has also been provided by the ground-
breaking book The New Production of Knowledge and the 
concept of Mode 2 research, meaning “Mode 2 knowledge 
is carried out in the context of application” (Gibbons et al. 
1994). The idea of contract-based research with professors 
as (low-cost) knowledge workers (Scott 2007) highlights 
this. The conception of the entrepreneurial university 
emphasizes the North and South American view (Thorn 
and Soo 2006) of the Third Mission. Much earlier, Clark 
(1983) had become aware of national (and cultural) dif-
ferences. For instance, in Swedish universities, not only 
“economic life” but also the total “surrounding society” 
were seen as subjects of the Third Mission.

Another critical fact is that, for more than a century, a 
significant share of research has been conducted by large 
private companies in open or covert cooperation (Bernal 
1954/1965; Scholz 2020). All these maintain high-profile 
research departments that promote marketable products as 
well as important scientific findings as a secondary prod-
uct (which can also be published in high-ranking jour-
nals as long as a company’s competitive advantage is not 
endangered).

What are the characteristics of knowledge produced 
by science and practice?

The conception of the considered type of transdisciplinarity 
relies on the complementarity of science and practice. This 
complementarity is often not shared or understood, primar-
ily by scientists. To overcome this, we describe the drivers, 
rationales (epistemics), reward systems, and the societal role 
of science and practice. This allows to understand who, e.g., 
a senior biochemist who is doing research for a pharma-
ceutical company follows different goals from a colleague 
employed at a public university (and why their work falls 
under the purview of different ministries).

The science–practice complementarity was, first, inspired 
by the distinction between Mode 1 and Mode 2 science (Gib-
bons et al. 1994). Mode 1 deals with a “discipline-based” 
setting and by problem-solving of and for academic commu-
nities. Mode 2 science draws “on sources beyond any set of 
disciplines … because not all participants in knowledge pro-
duction come from universities. Some might come from gov-
ernment laboratories, some from industry, and others from 
social action groups and concerned citizens perhaps with 
no particular scientific training at all. In Mode 2 everyone 
has something to contribute to the formation of a research 
agenda.” (Gibbons 2013) Second, one may consider “sci-
ence–practice” complementarity as a generalization of the 
discussions in psychology, nursing science, and related fields 
about this distinction (Hoshmand and Polkinghorne 1992; 
Sheppard 1995). Third, Scholz (2011) distinguished between 
the drivers and rationales of different human systems, e.g., 
between scientists (working at public or non-profit institu-
tions to produce knowledge as a public good; being paid by 
the taxpayers) and practitioners. For instance, the driver of 
scientists who are operating in Mode 1 is to contribute to 
better understand reality (i.e., approaching truth), which is 
the search for fundamental knowledge, consistent reason-
ing, academic acknowledgement, etc. These goals have been 
described by Merton (1973) or Bunge (2012). Naturally, 
there are also Mode 2 scientists working on societally rel-
evant problems who operate in a public good frame. On the 
other hand, practitioners’ primary drivers are supposed to 
be successful when being capable of solving practical prob-
lems. The commercial driver of market success or the politi-
cians’ drivers to become elected may be taken as examples.

Given the complexity of coupled human–environment 
systems, knowledge from all domains of science, in prin-
ciple, is relevant from a sustainable-transitioning perspec-
tive (Matson et al. 2016; Scholz 2011). In this context, we 
acknowledge that, from an epistemological perspective, 
practitioners’ experiential knowledge is necessary for a 
holistic framing that allows for an adequate conceptual 
structuring of complexity and for a proper understanding 
of the role of contextualization in the practical significance/



Sustainability Science 

1 3

relevance of ill-defined or wicked societal problems. The key 
role of science is to provide a consistent and theory-based 
description and model depicting as many of the properties, 
structures, causalities, and dynamics of a system as possi-
ble. Scientific statements are empirically validated as far as 
possible. This holds true not only for controlled laboratory 
settings, but also for settings coping with real-world prob-
lems (see Table 1).

Here, the first obstacle is to decide which scientific knowl-
edge and theories are helpful to better represent a complex 
real-world problem. In this context, one specific challenge is 
to identify the state of the art in science, which consistently 
labors under the specter of unavoidable incompleteness; this 
is, nevertheless, an intrinsic element of the scientific pro-
cess. Thus, scientific theories never completely and finally 
describe “reality.” Given a specific problem, some theories 
are more adequate than others and some fail to meet the 
contemporary criteria for scientific quality. As characterized 
by Sarewitz (2000), “science is sufficiently rich, diverse, and 
Balkanized to provide comport and support for a range of 
subjective, political positions on complex issues.” This asks 
for processes which avoid immature or biased scientific stud-
ies taken as truth.

An even greater challenge in science–practice collabora-
tion for sustainable system transitioning is coping with nor-
mative and cultural dimensions. The normative dimension 
is intrinsic not only on the practice side: scientific theories 
depend on the worldview (i.e., cosmology) and the Zeitgeist. 
This is the case for the social sciences and the humanities, 
but we can also find extreme cases in the natural sciences. 
For instance, during World War II, the Nazi regime aban-
doned nuclear physics promoted by the German Nobel lau-
reates in physics, Stark (1937) and Lenard (1936), in favor 
of developing Aryan physics (excluding probabilistic fuzzi-
ness). Within the social sciences, psychology might serve 
as a prominent example. Behavioral psychology may be 
taken as a contemporary example, as it almost exclusively 
traces the relation of behavioral responses to environmental 
stimuli. In contrast, humanistic psychology takes a much 
broader view, integrating “knowledge of the individual’s 
mind, body, and behavior within an awareness of social and 
cultural forces.” This means that scientific approaches them-
selves are value laden and include normative assumptions. 
We argue that science–practice dialogs have to communicate 
the normative assumption on both sides, science and prac-
tice; for example, approaches that lack rigor or are character-
ized by extreme normative assumptions should be excluded. 
The message is that normative values are included in science 
to some extent (Scholz 2017), but we should ensure that 
they remain subordinate and that scientists reveal the basic 
components of their worldview in an open manner.

Ensuring the utilization of scientific state-of-the-art 
knowledge based on consistent theories and—if the subject 

allows—sufficient empirical validation represents a more 
specific challenge. As matters addressed in science–prac-
tice collaborations are often complex, a specific challenge is 
relating the pivotal elements of a real-world system analysis 
to scientific insights and conclusions.

The basic properties and functions of science knowledge 
are described in Fig. 1.

In its ideal form, scientific knowledge is general and fun-
damental in the sense that it explains a large domain of real-
ity. Natural science is universal, as all aspects of the universe 
are subject to the same natural laws. Scientific theories are 
consistent, and empirical validation takes place based on 
scientific methods. We distinguish between codified and 
written knowledge and the living aspects of knowledge that 
exist within scientists and their communities. According 
to Piaget’s genetic epistemology (1968), an individual’s 
higher-ordered (abstracted) knowledge cannot be acquired 
through everyday knowledge. Higher-ordered knowledge is 
based on the acquisition of key elements of knowing and 
methods practiced in higher-educational and research institu-
tions that convey abstracted and scientific knowledge, which 
has developed over the course of human phylogenesis. The 
development of cognitive knowledge is moving along the 
path (stages) of phylogenetically acquired and codified lev-
els (e.g., concrete operations on matters we may visually 
imagine/experience are preceding abstracted formal opera-
tions). This calls for competent educational institutions at all 
levels that maintain, condense, and develop (abstracted and) 
scientific knowledge and standards (see Fig. 1, upper part).

Practice knowledge serves to master life and to cope with 
complex real-world problems. It is seen as a foundation of 
skills and competences underlying behavior (Risopoulos-
Pichler et al. 2020). Practical knowledge is based on (eco-
nomic) heuristics and functional (simple) heuristics (Giger-
enzer 2021), thus following the satisficing principle. Also 
practitioners’ experiential knowledge includes abstraction 
and reflective observations on real-world settings (Kolb 
1984). Practical knowledge is shaped by and embedded 
in attitudinal, motivational, emotional and personal, and 
contextual factors. Simplified, it serves to meet the needs 
and—sometimes—idiosyncratic objectives of individuals 
and other human systems.

Reflections on and motives for science–practice 
collaborations

When reflecting on the reasons practitioners choose to 
collaborate with scientists, based on the proposed com-
plementarity of knowledge, we identify the following 
primary motivations. Science helps to structure (Min-
gers and Rosenhead 2004) complex problems in natural, 
social, and technological systems. It also describes major 
causal impacts and their interactions in a qualitative and 
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quantitative data-based way. This may result in a principal 
risk assessment where different sources of knowledge are 
needed (Jasanoff 1993; Renn and Klinke 2004).

Given a complex problem, the challenge is to identify 
the key factors, subsystems, and entities and their (rules 
of) interaction for providing a robust representation of the 
system’s basic dynamics. Scientific knowledge may be 
related and “drawn upon” the situated knowledge, both in 
a reflective manner and to provide a “conceptual language” 
to understand and reflect on “experienced complexities” 
(West et al. 2019, p. 534).

Actually, practice has a long list of demands to which 
science may contribute. These include solving complex 
real-world problems, improving human well-being, gov-
ernmental counseling, consulting non-political clients, 
resolving conflicts and disputes, capacity building and 
empowerment, identifying options for changing the world 
to improve living situations, creating pathways to the 
future (e.g., understanding barriers to and mechanisms of 
societal change and digital transformation, developmental 
aid), managing resilience, and generally, explaining how 
the world and the universe function. Most of these exam-
ples call for problem-driven applied research.

Scientists’ motives for collaborating with practice are 
equally wide ranging. The wish to escape the ivory tower 
can be motivated (a) by a desire to contribute to societal 
problem-solving (doing something good for society or 
earning money for the university or for oneself). Often, 
(b) collaboration with practice by means of participatory 
research is needed to gain access to certain data. Par-
ticularly in applied research, not only knowledge from 
different disciplines, but also (c) practitioners’ concrete 
contextual and historical system expertise is needed for 
developing an appropriate system model. This was dem-
onstrated by Wynne’s (1996) case studies on the nuclear-
waste assessment of sheep pastures. Scientists were unable 
to differentiate between historical nuclear fallouts (e.g., 
nuclear testing around 1950, the Windscale fire in Sella-
field in 1957, and Chernobyl in 1986). It was farmers’ 
practical knowledge about their sheep’s grazing behaviors 
that made it possible for scientists to differentiate between 
the different sources of nuclear contamination. Thus, farm-
ers were contextual experts for the concrete, real-world 
system. They represented and owned an intuitive, holistic, 
experience-based method of knowing or epistemics (Drey-
fus and Dreyfus 2005), which will always be the case. 
In a more generalized sense, there are many questions 
for which science requires practical knowledge. Another 
example is the case of presumed mineral phosphorus (P) 
scarcity (essential for global food security). Here, geo-eco-
nomical experts reject the environmental scientists’ erro-
neous modeling of peak phosphorus in 25 years (Scholz 
and Wellmer 2021).Ta
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Box 1: Methodology of the construction 
of the process ownership scale

What are the main differences between the various 
approaches of science–practice collaboration? Answer-
ing this question was a four-step process that spanned 
several years. Step 1 consisted of identifying 15 different 
approaches based on the authors’ theoretical and prac-
tical experience (Scholz and Steiner 2015c, 2016) and 
responses from their network, conferences, workshops, 
etc.

Step 2 was a multi-dimensional scaling of these 
approaches. This was done by identifying the unique 
selling points (USPs) and by constructing a Likert-scale 
agreement statement for each USP. This reads, e.g., as 
follows “Consulting: Client specific problem-solving: 
The only purpose is to (help to) solve specific problems 
which are formulated (and thus in the interest) of a cer-
tain practitioner.” Both, a principal component analysis 
(PCA) and a cluster analysis (CLA) provided compatible 
groupings of the approaches/UPS. The PCA provided the 

factor “F1: joint leadership and mutual learning” as a 
kind of general factor (extracting 28% of variance). It was 
followed by “F2: Third Mission for the public” (which 
was obviously limited to the public change side). The 
factor F3 is “Consulting for reflection of clients” (13% 
extraction of variance).

Step 3 includes an integration of the results of Step 
1 and 3. The list of approaches got refined (e.g., by 
considering six subvariants of transdisciplinary). The 
two main clusters were labeled “Interactive methods 
of science–practice collaboration” (such as transla-
tional research which exists since 1915) and “Conven-
tional science for practice” approaches where science 
takes the lead. When comprising “co-leadership” and 
“mutual learning” to equal governance (and benefits) 
and acknowledging that both major clusters also differ 
with respect to who takes the lead, the “process own-
ership scale” emerged. A second dimension, capacity 
building vs. solutionism, is not dealt with in depth in 
this paper. The three steps led to the process ownership 
scale.

Fig. 1  A property- and function-based definition of science and practice
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Step 4 consisted of updating the former list of 
approaches (see Appendix) and of a (double) rank order-
ing of the approaches with a stronger/weaker process 
ownership by practitioners and resulting in the scale as 
shown in Fig. 2B. Attention was paid with respect to 
complementarity and to differences in process ownership. 
Thus, Living Labs (German Reallabore) were judged in 
between action research and community-based action 
research and not included as its own category. The sug-
gested rank ordering was done by the authors and thus 
subjectively biased. How the science community or main 
representatives of an approach locate the approaches on 
the scale may become subject of empirical research

Process ownership in science–practice 
collaborations

The selection, definition, and differentiation among the dif-
ferent approaches took a multi-year process. The process 
for developing the process ownership scale is described in 
Box 1. Simplified, the process of generating the ownership 
scale is divided into the sub-concepts, co-leadership and 
mutual learning. It is a kind of G-factor in the multivariate 
analysis of the unique selling points of the 15 approaches. 
Process ownership meets a critical concern of science–prac-
tice collaboration, i.e., the question of who takes control of 
the collaboration process. This includes, particularly, who 
is the principal in defining the research question, who takes 
data ownership, and who decides in what way(s) the results 
are used and published. Scholz (2020) distinguished between 
independent applied research and contract-based research. 

Forms of science–practice collaboration differ widely 
depending on who takes process ownership. We argue that 
process ownership became an important characteristic of 
conducting applied and use-inspired basic research in the 
frame of Pasteur’s quadrant, which was introduced by Stokes 
(1997). Stokes distinguished between relevance for applica-
tions and relevance for fundamental knowledge (the x-axis 
and y-axis of Fig. 2A). Classical pure basic research was rep-
resented by Niels Bohr (and his research on the foundations 
of nuclear physics). Stokes’s message was that we may dis-
tinguish two types of applied research. One, often associated 
with Thomas Edison’s work, is oriented toward problem-
solving and is close to what practical engineers are doing. 
The other has been called use-inspired basic research. Here, 
Louis Pasteur’s biochemical approach to vaccination serves 
as the model. Overall, since the development of Mode 2 
science (Gibbons et al. 1994), the interaction and collabora-
tion of science and practice have shaped many domains of 
science (and not only technical universities).

The poles of the process ownership scale

There are two poles on the process ownership scale. Seen 
as one extreme is the classical university-hosted applied 
science, which only partially includes practitioners [1]. 
All numbers in italicized square brackets represent ranks 
of process ownership presented in Fig. 2B along the z-axis 
(CSS 2022). The highest degree of independence in applied 
research (practiced in democratic countries) is provided by 
university or science-foundation funding (public or private) 
that is not related to specific thematic research programs and 
seeks only high-level (peer-reviewed) research. Specifically, 
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Fig. 2  Extending Pasteur’s Quadrant (A) by the process ownership scale for 15 types of science–practice collaboration (B); the axes are of ordi-
nal scale (for definition and literature see Appendix)
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we may say that this kind of scientific research is typically 
conducted in a university’s highly protected (though com-
petitive) comfort zone. At the opposite end of the pole is 
contract-based research [17], where a principal takes con-
trol of the research process. Here, we may think about phar-
maceutical-approval studies or political research on opinion 
formation regarding political programs. The research ques-
tion formulated and the design selected, whether a study is 
published, and other important constraints are, ultimately, 
controlled by the principal. This type of research can be con-
ducted by both public and private laboratories and institutes.

Variants of transdisciplinarity

Transdisciplinary processes in which active collaboration 
between science and practitioners takes place (Renn 2021; 
Scholz and Steiner 2015a) represent the midpoint of the 
process ownership scale, i.e., a kind of inflection point [10] 
between science and practice leadership dominance. In an 
ideal transdisciplinary process, scientists and practitioners 
meet on an equal footing to better understand, conceptualize, 
and describe a complex real-world problem aimed at both 
improving practitioners’ decisions and actions and provid-
ing scientists with a better understanding and structuring 
of a problem that is scientifically challenging and not yet 
sufficiently understood. Scientists and practitioners take 
joint responsibility for the process and its results, based on 
an authentic process of mutual learning. This can best be 
achieved by taking co-leadership when accepting the other-
ness of the other’s roles and interests (Polk 2014; Scholz and 
Steiner 2015a); thus, practice leaders must know that scien-
tists develop theories by writing papers. To do so, scientists 
need certain data that are not of immediate interest for solv-
ing practical problems. For their part, scientists must delve 
into real-world problems and empower practitioners to share 
their experience for finding solutions that secure the viability 
and resilience of relevant practical subsystems and processes 
(of their interest). This requires an equitable appraisal of 
high-quality knowledge from practice and from science. 
Although, ultimately, the practitioner takes responsibility for 
the practical decisions and the scientist for the theories and 
publications, there is some joint accountability and responsi-
bility for the process and for socially robust orientations, for 
instance to system transitions, seen as the major outcome of 
a transdisciplinary process. The socially robust orientations 
emerging from transdisciplinary science–practice collabora-
tion may serve as orientations, signposts, and guardrails for 
sustainable development.

From an operational perspective, co-leadership means 
that both sides, science and practice, actively participate 
with equal rights and terms in all essential issues of (1) the 
preparation phase (including the negotiation of the goals 
and the guiding question), (2) the process planning (which 

includes stakeholder analysis and selection of those who 
participate and the process/schedule and structure/organi-
zational chart of a project) including the joint problem rep-
resentation, (3) the core phase (including products which are 
produced, reviewed, and evaluated), and (4) the post-pro-
cessing phase in which the results are used. Please note that 
co-leadership should be formally or informally ratified and 
communicated internally and externally. In transdisciplinary 
processes, co-leadership and balanced participation should 
take place at all levels (e.g., subprojects). All critical issues 
(e.g., what results are communicated how) ask for an explicit 
joint agreement. This may ask for ratified codes of conduct.

Naturally, the operational lead in certain activities may 
be allocated to science (e.g., in scientific modeling) or to 
practice (e.g., in practice networking) (Krütli et al. 2010; 
Stauffacher et al. 2008). Yet, both sides may ask for full 
transparency and negotiate whether and how outcomes are 
used. It is important to reflect on the implicit power relations 
which may cause asymmetries, e.g., if science frames the 
process by certain methods. Rosendahl et al. (2015) refer to 
feminist standpoint theory and stress that transdisciplinary 
processes require “the explicit and transparent positioning 
of oneself: this also holds true for scientists.” (Rosendahl 
et al. 2015, p. 26).

Transdisciplinarity often serves as a method for strate-
gic sustainability planning and management (Matson et al. 
2016). This means, for example, that participatory formative 
scenario construction and evaluation are conceived as a joint 
venture of practitioners and scientists. For certain stages, 
e.g., goal and system definition, both contribute equally, 
while—depending on the problem to be solved—the guid-
ing hand may be on the science or practice side (the phases 
of different leadership are illustrated by Krütli et al. 2010). 
Thus, for consistency and resilience assessment in scenario 
construction, scientists may take the lead, and for other sub-
processes, e.g., scenario interpretation and the development 
of implementation strategies, practitioners lead.

Of note, similar definitions of transdisciplinarity exist that 
do not stress co-leadership (Lang et al. 2012), but instead 
target participatory research when including practitioners. 
The version we presented emerges from a realist, normal 
science conception, while some transdisciplinary researchers 
refer to a post-normal conception as proposed by Funtowicz 
and Ravetz (2003). A key claim of this view is that classical 
scientific theories lose their value in complex, contextual-
ized settings (Klein 2004). Yet, the post-normal approach to 
transdisciplinarity often remains in the frame of theoretical 
reflection when it is considered without processes of co-
leadership and authentic collaboration with practitioners.

Transdisciplinarity also plays an important role in over-
coming the widespread hostility toward the traditional pros-
pects of research on indigenous peoples, which were also 
labeled the Europeanization or colonization of research 
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(Smith 2013). An early contribution to transdisciplinarity is 
Article 10 of the “Manifesto de transdisciplinaridade” which 
declares “No single culture is privileged over any other” 
(Morin et al. 1994). In other words, indigenous knowledge, 
as a form of situated knowledge, is different, but of equal 
value to abstracted Western science knowledge. The latter is 
included in the “accepting the otherness of the other” prin-
ciple of transdisciplinarity presented above, which may be 
seen as a prerequisite of equal process ownership in inter-
cultural studies.

Other forms of science–practice collaboration

Several types of science–practice collaboration show some 
similarity to transdisciplinary processes. We consider vari-
ants of community-based participatory (action) research 
(Israel et al. 2017; Wallerstein and Duran 2017) to be very 
close to transdisciplinary processes and slightly in the direc-
tion of dominant science process ownership [9]. There are 
three main differences from the by us proposed conception 
of transdisciplinary processes. The first is full co-leadership 
(thus, related to the potential threat of losing control of the 
process). The second is the aspiration of transdisciplinar-
ity that transdisciplinary processes may result in certain 
types of directed, use-inspired research and, thereby, affect, 
enrich, and transform scientific disciplines (i.e., the impact 
of transdisciplinarity on science). Third, transdisciplinarity, 
as we conceive it, considers practice knowledge and science 
knowledge as essentially different (see Fig. 2), but equally 
important. Precedence in the course of a transdisciplinary 
process depends primarily on the type of problem under 
consideration. There are numerous projects in community 
health and community design which follow the conception 
of community-based participatory (action) research in the 
United States not using the term transdisciplinarity (Kessel 
et al. 2003).

There are other forms of action research [8]. In this type 
of science–society collaboration, scientists’ societal con-
cerns and interests become important. Lewin’s (1946) semi-
nal experiential action research was motivated by his interest 
in how minorities (Jews and Black Americans) fail to adapt. 
Lewin utilized analysis of variance (ANOVA) to measure the 
variation among and between groups regarding the effects of 
contextual factors and interventions. Today, we find a wide 
range of variants of action research, one of which, for exam-
ple, is “shallow” activistic action research. Here, attaining 
scientists’ normative goals in practice is the major aim and 
key validation criterion. Please note that the ANOVA mod-
els have also been used in transdisciplinary processes for 
tangible matters such as smallholder farmers’ maize yields, 
where it helps to measure the effect of farmers’ participation 
in a transdisciplinary mutual learning process (Njoroge et al. 

2015) or to analyze different stakeholder groups judgments 
on future scenarios (Scholz and Stauffacher 2007).

In action research, scientists often become science activ-
ists or normative advocates who take broad control over 
goals, processes, and outcomes. About 27% of sustainability 
science researchers running processes including stakehold-
ers judged that the scientist is “a stakeholder himself, bar-
gaining for his interest” (Mielke et al. 2017, p. 10651). In the 
well-elaborated Dutch approach for transition management 
([7]; see e.g., Loorbach 2014) a co-evolution of science 
and practice toward sustainability is targeted, in particular 
when ignoring mainstream incrementalism, and aspiring a 
pluralism in “partisan mutual adjustment” (Lindblom 1979, 
p. 522). Scientists may even function as niche partisans (e.g., 
when collaborating with grassroot movements; see e.g., 
Loorbach et al. 2020). In fact, this might become neces-
sary, given certain autocratic structures, for example, if other 
types of research are not allowed or not funded.

Initially, citizen science [6] emerged from environmental 
sciences. In ecology, citizen scientists serve as “sensors” 
(Goodchild 2007, p. 211) to increase “the scale of ecologi-
cal field studies with continent-wide, centralized monitoring 
efforts and, more rarely, tapping of volunteers to conduct 
large, coordinated, field experiments” (Dickinson et al. 2010, 
p. 149). Thus, citizens frequently serve as unpaid, part-time 
research assistants. Yet, most “citizen science projects also 
strive to help participants learn about the organisms they are 
observing” (Bonney et al. 2009, p. 977) and thus contribute 
to developing bioliteracy (Hooykaas et al. 2019). Current 
citizen science develops strategies for stakeholder selection 
and collaboration. From a societal perspective, the involve-
ment of volunteers in research has increased the scale of 
ecological field studies with continent-wide, centralized 
monitoring efforts and, more rarely, the use of volunteers 
to conduct large, coordinated, field experiments (Dickinson 
et al. 2012). Yet, the validity and reliability of data collected 
by citizen scientists require critical reflection and evaluation 
(Clare et al. 2019).

As expressed by the phrase “bench to bedside,” part of 
the foundation of the Journal of Translational Research in 
1915, translational research [5] built the bridge between 
(biological) laboratory, medical technology developments 
and patients’ needs. Although, in principle, this includes a 
number of commercial and clinically driven interests, many 
approaches, such as Stokols’s team science (Stokols et al. 
2008), are typically dominated by interdisciplinary science 
teams. Two features of this type of research are related to our 
conception of transdisciplinarity. First, team science utilizes 
targeted (use-inspired), interdisciplinary research for tan-
gible (not only medical) real-world problems. Second, the 
teams usually include scientists and practitioners applying 
their complementary knowledge.
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Often, the term participatory research [4] is mixed with 
transdisciplinarity. We consider participatory research a 
form of applied science, which (discontinuously) includes 
practitioners to better understand context and complexity 
or for an integrated assessment, for example, of climate 
impacts in a certain region (Salter et al. 2010). Sometimes 
in participatory research (such as in team science), who is 
participating in whose venture is unclear. In general, scien-
tists maintain control regarding the form and intensity of 
science–practice collaboration. Mobjork (2010) differenti-
ated “participatory transdisciplinarity” as presented above 
from “consulting transdisciplinarity” in which actors have 
the role of responding and reacting to the research conducted 
and researchers bear their thoughts and perspectives in mind 
during the research; the societal actors are not actively 
incorporated into the knowledge production process. Actu-
ally, this is what we defined as action research. In social 
studies, participatory research may include processes of 
“sequential reflection and action, carried out with and by 
local people rather than on them” (Cornwall and Jewkes 
1995, p. 1667). Studies of organizational management may 
benefit by including CEOs’ ideas, principles, and visions for 
identifying novel patterns of organizational processes. We 
should mention that any transdisciplinary process includes 
participatory research as a basic pillar. According to a sur-
vey by Mielke et al. (2017), sustainability scientists include 
mostly politicians and members of civil society via work-
shops and interviews. From the practitioners’ perspective, 
transdisciplinary processes contribute to the formation of 
a reflective practitioner (Schön 2017) who is able reflect in 
and on actions, e.g., by utilizing his/her experiences made 
in science discourses.

The science-dominated side of this process ownership 
scale continues with [3] a science-shop-like knowledge 
transfer (Leydesdorff and Van Den Besselaar 1987). Here, 
scientists usually decide whose questions are answered and 
whose are not. Finally, ethnographic research [2] (as used 
in geography, anthropology, and human ecology; Whyte 
1943) includes strong, intimate mutual learning leading to 
interaction with, for example, indigenous people, yet it may 
be conceived as a valuable method for disciplinary applied 
science [1].

The Triple Helix approach [11], which may be consid-
ered a kind of elitist triad between industry, politics, and sci-
ence (Scholz 2020), has been discussed extensively above. 
The term Third Mission is frequently used synonymously. 
We distinguish two lines of Third Mission-oriented science 
activities. One is the (typically industry-interest-driven) 
commercialization of science, which was highlighted by 
Etzkowitz:

The ‘capitalization of knowledge’ is at the heart of the 
entrepreneurial academic mission, linking universities 

to users of knowledge more tightly and establishing 
the university as an economic actor in its own right. 
(Etzkowitz 2017, p. 128)

Etzkowitz’s definition includes the peril that only 
research with market value will be funded. In the second 
line, research on and implementation of (governmental) 
policy programs is conducted under the Third Mission label. 
Usually, contract-based research is the form practiced in 
Third Mission. In fact, there is a broad range of contract-
based research extending from framing the research topic 
to a meticulous and detailed description of outcomes and 
results [16] according to the sociopolitical interests of, for 
example, governmental funders. In both lines, we can iden-
tify the perils related to contract-based research that conflict 
with the principle of freedom of science.

Public participation [12] can be viewed as a governmen-
tal inclusion of stakeholder groups and scientists. It has been 
applied often in urban and regional development and for the 
identification of risk-management strategies for hazardous 
technologies (e.g., nuclear power plants). In general, set-
ting agendas and deciding to end public participation are 
under the government’s control. Several similarities exist 
between public participation and open innovation [13]; open 
innovation can be considered the business world’s variant 
of participation. On the one hand, open innovation includes 
stakeholders and science knowledge at different levels of 
development; on the other, it aims at new forms of added 
commercial value. There are also solution-oriented institutes 
partially funded by the public. Such contract-based research 
[14] relies on delivery-note-like work packages. In general, 
industry and government consultancies [15] follow similar 
business principles, but often do not allow for independent 
research.

We argue that none of the presented methods is better 
than the others; all are means of science–practice collabora-
tion. They differ with respect to process ownership, the key 
concept of structuring them in Fig. 2.

In the age of Anthropocene, human behavior has become 
a geological factor. Thus, natural scientists have become 
aware of the ozone hole, climate change, loss of biodiver-
sity, and air and water pollution and eutrophication and have 
identified critical over-pumping of groundwater and over-
fishing on a large scale (see Cash et al. 2003). These previ-
ously unknown phenomena may affect the Earth’s systems 
in ways that critically endanger the resilience of human life. 
Science should serve the public good, and scientists have the 
major dual responsibility to inform society about these chal-
lenges to empower governmental actors to reach effective 
and meaningful coping strategies (Jensen-Ryan and German 
2019; Suni et al. 2016).
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Discussion

Strengths and boundaries of transdisciplinary 
processes for socially robust orientations

The Zurich 2000 conference (Klein et al. 2001; Scholz et al. 
2000a, b) can be seen as the start of the formation of trans-
disciplinary practice as a third mode of doing and utilizing 
science by doing science with society that complements dis-
ciplinarity and interdisciplinarity. Two issues were seen as 
key principles: first, mutuality, in particular mutual learning 
between science focus knowledge integration (Scholz 2000); 
second, there was the idea of authentic co-responsibility and 
co-leadership to allow for balance and efficiency when cop-
ing with wicked (or ill-defined), complex, value-laden, soci-
etally relevant problems that cannot be adequately managed 
using other approaches. Transdisciplinarity may be viewed 
as a means of strategic sustainable management. This paper 
elaborates that equal process ownership of science and prac-
tice (see Fig. 2) is a unique feature of transdisciplinary pro-
cesses and may well serve as an umbrella concept. We used 
process ownership as a feature or dimension to differentiate 
different forms of science collaboration.

Equal process ownership also promotes the generation of 
socially robust orientations (Scholz 2011). These emerge 
from (1) integrating epistemics from science and practice 
to overcome the fragmentation of knowledge, (2) tapping 
into scientific state-of-the-art knowledge when (3) producing 
knowledge that can be understood principally by all rep-
resentatives of stakeholder groups (and thus includes the 
potential for consensus formation, at least when defining a 
problem) and (4) which acknowledges not only uncertain-
ties, but also the incompleteness of knowledge included (i.e., 
ignorance involved in any human knowledge) and (5) com-
municates the specific constraints (e.g., time, amount, source 
of funding, etc.) of knowledge production. Thus, transdisci-
plinarity is in contrast to many anti-differentiationists’ view 
which “… deny the division between nature and culture, 
science and society, science and technology, and between 
research and enterprise” (Shinn 2005, p. 744).

Transdisciplinary processes of the presented type may 
even become a kind of tool for democracy if the stakehold-
ers involved provide a balanced view of the interests of a 
spectrum of society. This is only possible if scientists and 
practitioners follow the basic rules of conduct of transdisci-
plinary processes, including accepting the otherness of the 
other and strictly confining to pre-competitive issues and 
excluding day-to-day politics. Thus, usually politicians are 
excluded (as they usually follow a shortsighted agenda) if 
they do not represent a public position. Usually, representa-
tives of public agencies or positions take a balanced com-
mons perspective.

The participation of representatives of key stakeholder 
groups and scientists (and the subsequent discussion) with 
equal process ownership serves to build capacity for sus-
tainable decisions. Concrete action in business, day-to-day 
policy, applied research, etc., follows later. It is important 
to note that equal process ownership best, if not only, func-
tions with real-world cases (settings; Vilsmaier et al. 2015). 
In all rules, the discussions on topics and themes are domi-
nated by scientific disciplinary jargon and neither allows 
for a shared understanding of a problem nor the partnership 
with stakeholders. Case-based mutual learning guarantees 
a joint reference, which can be taken as a starting point and 
as a means for developing a shared problem understanding 
and problem representation when using and relating verbal, 
pictorial, numerical or formal mathematical representations 
(Jahn et al. 2012 talk about the formation of a common 
reserach object). Typically, mobility or energy transitions 
are studies in certain cities or areas, on plastic or phospho-
rus pollution in certain lakes or seas; insight into questions 
related to indigenous people are also studied on a case-based 
level. The description of reality of a real world provides 
an unambiguous reference which allows the identification 
of differences in risk perception, perspectives and values 
among the participants. Based on this, social solutions may 
be discussed and constructed.

Knowledge systems for actions of science–practice 
collaboration approaches

The presented, widely applied version (Scholz and Steiner 
2015c) of transdisciplinary processes [10] is a capacity for 
sustainable decisions oriented one. But you may also find 
(direct solutionist, or) action-oriented [8] approaches of 
transdisciplinarity stating: “transdisciplinary research deliv-
ers high-quality solutions for practice actors facing societal 
problems” (Bergmann et al. 2012), which expresses a mis-
sion of action research. We think that this is rather a matter 
of consultancy [15].

Sometimes, the knowledge-based differentiationist’s com-
plementarity of science and practice view (see Fig. 1; Shinn 
2005) is given up (such as in “shallow action research” [8] 
or “transition management” [7]). Scientists themselves seem 
to become decision makers and actors. This poses new and 
challenging questions from a process ownership perspective.

– What is the moral and/or democratic legitimacy when 
scientists take process ownership [e.g., via the epistemic 
authority of the IPCC (Gustafsson and Lidskog 2018) or 
the IPBES (Shinn 2005)]?
• Science must inform, but is political action part of 

science?
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– When does advocacy science, as a driver of science pro-
cess ownership, endanger the integrity of science?
• How does worldview or political opinion affect the 

scientific knowledge produced? Can the mission of an 
honest knowledge broker (Pielke Jr. 2002) be fulfilled 
when taking an advocacy perspective?

– Is it necessary, under certain constraints, for scientists to 
take a solutionist, action-oriented approach [8] instead 
of a capacity-oriented one?

• When must the knowledge- and epistemics-centered 
approach be overcome and action-orientation-based 
work come to the foreground?

• Under what constraints is science process ownership 
necessary from a sustainable development perspec-
tive?

– What is the relationship of legitimized decision makers 
(e.g., working as coleaders) to elected policymakers or 
property owners (of land, resources, etc.)?

• Must the role of process ownership be assessed dif-
ferently in the democratically developed Western 
world, the developing world, and various autocratic 
countries such as China?

• In what contexts do we face limited social degrees 
of freedom where scientists’ processing of leader-
ship may play an important role in breaking societal 
lock-in positions? What other methods (e.g., policy 
consultancy [15]) may be chosen, e.g., as an inter-
mediate project to prepare the case for a transdisci-
plinary venture?

– How can we promote the dynamic change of science and 
practice headship which dynamically changes (depending 
on the task and topic; Stauffacher et al. 2008) to attain an 
overall balanced leadership?
• Is it possible to measure the degree of involvement of 

scientists and practitioners? What aspects (e.g., con-
trolling methods, fundings) endanger equal process 
ownership?

Conclusions and outlook

First, which form of science–practice collaboration is 
adequate depends on (i) the nature of the problem being 
addressed (e.g., what scientific or practical issue is the focus) 
and (ii) which actors are involved in what roles and with 
what powers, i.e., who takes process ownership. The latter 
includes which actors have control over the outcomes gener-
ated and who may utilize—and who may benefit from—data 
and other products of the process. This is also linked to (iii) 

the purpose of the collaboration. These three aspects allow 
us to better distinguish between participatory research (or 
citizen science) and transdisciplinary processes.

Second, equal process ownership of science and prac-
tice make transdisciplinary processes different from other 
forms of science–practice collaboration. Ideally, this results 
in authentic co-leadership allowing for collaboration and, 
thereby, co-creation, co-definition, co-design, co-represen-
tation, and co-responsibility. The product is socially robust 
orientations on sustainable transformation based on mutual 
learning between and within groups of scientists and rep-
resentatives of key stakeholder groups. Such orientations 
produce more effective coping strategies for challenging 
wicked, complex, societally relevant problems. For these 
types of problems, each party (science and practice) is, on 
its own, overburdened for a variety of reasons related to the 
complexity and diversity of phenomena and impacts on dif-
ferent sociotechnological contexts, cultures, or scales. Prac-
tice and, in particular, key stakeholder groups that demon-
strate a commitment to sustainability may learn which kinds 
of actions should be promoted and which should not. Moreo-
ver, science may become aware of the limits of disciplinary 
knowledge and what institutions are already available and 
capable of successfully providing targeted interdisciplinary 
processes as part of transdisciplinary processes for sustain-
able transitions.

Appendix

A description of the 15 approaches is provided in the text. 
Table 1 sets the approaches of Fig. 2B into context. This is 
done by illustrating the background of their development 
(column 2), by listing the key characteristics (column 3) and 
key references (column 4), which would help the reader to 
develop a deeper understanding of the approaches.
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